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Hooldsworthii  

wanffonmennt.    Pig.     

LuDuIites  petaloides  

Membranipora  annulus.    PL  vi.  f.  2, 

5,9 

Dumerilii.    PLTLf.4  

LacToixii,  var.  grandit,      PL 

▼i.f.1  

lineata    

iQODosUcbjs.    PL  tL  f.  3, 6... 

nobUis.    PL  vL  f.  7, 10    

occuUata,    PL  vL  f.  12,  13; 

PLTiiLf.40 

aolidula 

spinoia.    PL  viii.  f.  32 

trifoliam 

Membraniporella  nitida.      PL  vii. 

f.l8 

Mieropora  variperforata.     PL  viii. 

f.27 

MicToporella  ciliata    

decorata,  var.  angustipora    . . . 

?  macropora  

magnirostria  

Monoporella  capeusis 

,  var.  dtntata.     PL  viii 

139 

crassatina.    PLvii.  f.  15  ) 


PoLTZOA  {continued). 


8,^ 


Tertiary 


New  Zealand 


349 

342 
342 

340 

340 

344 

348 

348 

339 

339 

339 

62 

62 

(iO 

61 

59 

60 
61 

62 
347 
345 
347 
346 

70 

47 
45 

45 
45 
45 
46 

48 
46 
48 
48 

52 

51 
53 
54 
54 
55 
49 

49 
49 
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Name  of  Species. 


Formation.  Locality.  Page. 


PoLTZOA  (eott/tmwi). 


MoDopordU  disjuncta.    PI.  Ti.  f.' 
8  

*—  wa^mkwrenait.    PL  vL  f.  11... 

Macroneila  ?  alvareziana.     PI.  m 
f.  24,  25  

firmata,    PI.  vii.  t  20 

?  Livenidgei 

nitida 

Peachii,  var.  octodentata 

—  porosa,  Yar.  minima,    PL  viii. 
f.31 

pnestans 

tricuspis 

var.  watpvJnirensit,    PL 

TiiL  f.  30 

Porella  concinna 

Porma  grandipcra.  PL  vii.  f.  23  ... 
JUpiocavea  aapera,     PL  xxviii.  f. 

10.  13 

Rhynchopora  loDgirostris.     PL  m. 

f.  22 

Schizoporella  cinctipora,  yar.  per- 

tonata.     PL  viii.  f.  28    

circinata.    PL  viii.  f.  41   

clavula   

consenrata.    PL  vii.  f.  21 

hyalina.     PL  viu.  f.  42,  43  ... 

obliqaa?    Fig.  2  

Ridteyi    

tuberosa,  var.  anguttata,    PL 

viiLf.  26 

Smittia  biincisa,  var.  bicuspis   

Napierii 

Steganoporella  neozelanica    

Stomatopora  ekngaia.    PL  xxt.  f. 

10 

granulata    

m^or 

Sopercytis  digitata 

TubuUpora  biduplicata,      PL  xviii. 

f.  12,  14  

—  Campicheana.    PL  xyiiL  f.  15. 

dimidiata    

inconstani.     PL  xxv.  f.  1-9,' 

12    

?  sp.    PL  xxv.  t  11  


Tertiary 


Lias. 


Tertiary 


Lias. 


New  Zealand 


England 


New  Zealand 


England 


50 
50 

57 
58 
58 
55 
56 

57 
56 
57 

57 
63 
59 

347 

70 

67 
64 
65 
65 
68 
66 
64 

67 
58 
59 
50 

636 
341 
342 
344 

343 
343 
343 

633 
635 


Annulosa. 

Beetle,  elytron  of.    PL  ziii.  f.  8   ...  1  If  ..f  u^, 
Cercopid,  vring  of.    PL  xiiL  f.  f.  9...  /  |*^««-°«» 


JMuU., 


{1 


289 
289 
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Tin 


Name  of  Species. 

Formation. 

Locality. 

Page. 

Mc 

(Gm 

limnehiaonU  angnlata.    PI.  xxiv.  t\ 
1,2 

LLU8CA. 

tterqpoda,) 

Carboniferous ... 
Carboniferona ... 

Britain 

621 

kendalensia.   PL  xxiv.  f.  3-6... 

625 
627 

Vcmemliana.    PL  xxiv.  f.  6-8 

Ireland 

629 
629 
626 
628 

Tmritella  ?  nilcifera.    PL  xxiv.  f.  12 

630 

Ybrtbbrata. 

(P«ce».) 


Chondroetena  acipenseroides.  PL 
xxiii 

Palaeontsooid  scales.    PL  xxii.  f .  9 . . . 

Ptyehodoa  deeurrens.  PL  x.  f.  1-1 0, ' 
13    

paacisnlcatna.    PL  x.  f.  12  ... 

polygyms.    PLx.  f.  11 

SemkMotua  BrodieL    PL  xxiL  f.  1-7 

sp.     PL  xxiL  f.  8  


Lias 

Keuper.. 


Cretaceous 


Keuper.. 
Keuper.. 


Lyme  Regis... 
Nottingham... 

England  

Warwickshire 
Nottingham... 


605 
539 

123 
127 
127 
539 
539 


(JR^ptiUa.) 


Jritiotuekwjmrilhu.  PL  xiL  1 13, 
U 

Galeaaums  planiceps.     PL  L 

Hetenuuckut  vMenm.  PL  zii.  f. 
7,8  

Hyperodapedon  GordonL    PL  xxvi. 

Omotaunu  duroMvenM  

Ondthopma  Leedm 

?»p.    Pig 

PalncofoiirM  merocratiu.  PL  xiL 
f.9-12 

Bhyncbosaoms  articepa.    PL  xzvii. 


Wealden  . 
Trias    .... 


Hastings  Sand  . 

Trias    

Kimmeridge  .. 
Kimmeridge  .. 
Wealden 


Greensand 
Trias    


Isle  of  Wight  , 
South  Africa  . 

Hastings 

Britain 

Britain 

Britain , 

Isle  of  Wight 

Cambridge  .... 
Britain 


221 

1 

212 
675 
699 
697 
156 

216 
699 


Omithodeamm  ehmieuku.    PI.  xiL    i 
f.  1-6 Wealden 


.lisle  of  Wight ...    I    206 
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Name  of  Species. 


Formation. 


Locality. 


Page. 


(MammoHa.) 


Balena  primigenia.    Fig.  1  &  PL  ii.  '^ 

f.  1,2  

Balsenoptera  definita.    PL  ii.  f.  3 ...  |- 
Cboniziphius  planimstris.      PL  ii. 

f.  7 ; 

Equiis,  Bp.     Fig. 

Eucetus  amblyodon.    Fig.  2 1 

Globicephalus  uncidens.    PL  iL  f.  1 1  j 

Hyotherium  perimerue.     Pig.    

Hyperoodon,  sp.     PL  iL  £.  ti ^ 

Megaptera  affinii.    PL  ii.  f .  4  

roinata.     PL  ii.  f.  5  

Mesoplodon  longirostris  ?    PL  ii .  f.  8 
Orca  citoniensis.    PL  iL  f.  9, 10  ,„J 


Crag., 


Pliocene 

Crag 

Pliocene  . 


Crag., 


Suffolk., 


India   

Suffolk I 


India    . 
Suffolk.. 


8 
11 

14 
161 
13 
16 
19 
14 
11 
11 
15 
16 
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Plat*  I'agb 


^'L 


r  Skull  of  Galssavrus  plantckps,  to  illustrate  Sir  B.  Owen'a 


\     i>aper  on  that  fossil  1 

Tj  f  CvTACSAif  Oolites,  &c.,  to  illustrate  Mr.  R.  Lydekker's  paper 
^^l     on  the  Ckjtaoea  of  the  Suffolk  Crag 7 

V  TTT  /  OvmASTTRAk  FoRBSSi,  to  Ulustrate  Prof.  P.  M.  Duncan's 

I     paper  on  that  fossil  24 

^  IV.  r  SraciiRNs    OT   DIPHTPHTLLT7V,    to    iUustrate   Mr.    James 
V    V.  t     Thomson's  paper  on  that  genus  33 


*^J![.y  1  TlBTIABT   OhILOSTOMATOUB    BRTOZOA    FROM     NrW    ZrALAITD, 
■  J 


^  VI.1 

"^j'  I      to  illustrate  B£r.  A.  W.  Waters's  paper  on  those  fossils   ...    40 


r  Stove  Ixflbxerts   frov  Pontnewtdd  Gays,  to  illustrate 
•^  IX  -I      Prof.  T.  McK.  Hughes's  paper  on  the  Drifts  and  Oaves 

[     ofthe  ValeofOlwyd     73 

^  2.  /  DniTiTioif  OF  Pttchodus,  to  illustrate  Mr.  A.  S.  Woodward's 

\     paper  on  that  genus 121 

«^2j  r  English  Nummiilites,  to  illustrate  Prof.  T.  Bupert  Jones's 

1     paper  on  those  fossils   132 

r  ORKITHODBSllirB       CLUVICULVS,      HeTEROSUCHUS       TALDENSIS, 

'^Xn.  "I      Patsioosaurus  verocratds,  and  Aristosuchus  pusillus,  to 

[     illustrate  Prof.  H.  G.  Seeley's  papers  on  those  fossils .  206, 212 

216,  221 

^  XrV.  I  Fossil  Leaves  &o.  from  Arbtuit,  to  illustrate  Mr.  J.  S. 

»     XV.  I      Ctardner's  paper  on  the  Leaf-beds  and  GraTels  of  Mull  ...  270 

^  XVLJ 

V    TVTT  /  MiCROSOOPiG  SBcnoNS  OF  BA]n>ED  Gnkiss,  to  illustrate  Prof. 
A  y  11- 1     ^^  Bonney's  paper  on  the  Older  Bocks  of  Brittany 301 

7VTTT  /  ^I^*BTTART  GtCLOSTOVATOUS  BRYOEOA  FROM  NbW  ZEALAND,  tO 

Aviii.  ^     iUugfcrate  Mr.  A.  W.  Waters's  paper  on  those  fossils    337 

Y  Y  I  Microscopic  Bock-sectiohs,  to  illustrate  Mr.  F.  Butley's 
"  .^^  r     paper  on  the  Bocks  of  the  Malvern  Hills  481 
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Plaw  Page 

fTRiASflio  FiBH-BSMAiirB,  to  illustrate  Mr.  E.  T.  Newton's 
*^  XXn.  <<      paper  on  Fishes  from  the  Eeuper  of  Warwick  and  Not- 

l     tingham 637 

w  "v^TTT  r  GHONDBOsnnsAcrPEwsEBoiDBS,  to  illustrate  Mr.  J.  W.Dayis's 
^^'"'1     paper  on  that  fossil  605 


y^  XXIV. 


(OARBONiFmous  MuROHisoiaA,  to  illustrate  Miss   Donald's 
paper  on  those  fossils 617 

•v^ev  fLiABsio  FoLTzoA,  to  illustrate  Mr.  E.  A.  Walford's  paper  on 
.     XXV.j     thosefossils r,^. 632 

►  -yy  V  VI   fRwtAiiis  OF  Htpsrodapedon  Gordofi  and  Bbtnchobaubus 

»f";^i'  •!      ARTiCBPS,  to  illustrate  Prof.  Huxley's  paper  on  the  former 
y  juuLVii.  y    gp^j^ 575 

yrrwrm  /  Prdicbllarla  or  PrlaJTRChinus,  to  illustrate  Mr.  T.  T.  Groom's 
^   AiYlu.|     ^^oaPelanechinuacoraUinua 703 
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ERRATA  ET  CORRIGENDA. 


Pages  40-6S,  passim,  for  "Trig's  Station  *'  read  "  TrigOQometrical  Station." 
Page  519,  Explanation  of  figure, /ar  "  Fig.  1  "  read  "  Fig.  2." 
Pig©  520,  Explanation  of  upper  figure, /or  "  Fig.  2  '*  read  **  Fig.  1." 
Page  520,  Explanation  of  Fig.  3.  for  "  Section"*  read  "  Plan." 
Page  528,  line  16,  after  "  breadth  "  oA?  "  of  a  large  block  of  it." 
Page  542,  line  2,  for  '•  Worcestershire  "  read  **  Warwickshire.** 
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1.  On  the  Skttll  and  Dsirnnoir  of  a  Triassic  SiURiAN  (Galesaurus 
planicepB,  Ow.).  By  Sir  Richabd  Owen,  K.C.B.,  F.B.S., 
r.G.8.,  &c.    (Read  November  3,  1886.) 

[Platb  I.] 

Ik  the  year  1858  it  was  my  good  fortune  to  receive  from  Sir  George 
Grey,  K.C.B.,  Governor  of  the  Cape  of  Good  Hope,  a  fossil  skull  from 
the  Triassic  sandstone  of  the  Bhenosterberg,  which  combined  dental 
characters,  indicated  by  the  sockets  and  fragments  of  teeth,  most 
resembling  those  of  a  Carnivorous  Mammal,  with  the  nnequivocal 
cranial  structure  of  a  Saurian  Reptile. 

This  interesting  evidence  of  the  Vertebrate  life  of  that  geological 
period  and  locality  is  described  and  figured  in  my  *  Catalogue  of  the 
Fossil  Reptilia  of  South  Africa,'  4to,  1876,  p.  23,  pi.  xviii.  figs.  6-11, 
as  a  species  of  an  extinct  genus,  Galesaurus^  and  as  the  type  of  a 
Division  of  the  Class  Reptilia,  subsequent  accessions  to  which,  also 
described  and  figured  in  the  same  work,  led  me,  by  similar  modifica- 
tions of  the  dentition,  to  group  them  in  a  distinct  suborder  termed 
Thcriodantia  (op,  ck.  p.  16). 

The  collection  of  fossils  from  the  same  formation,  in  the  locality 
of  *  Theba-chou,'  Basuto  Land,  subsequently  deposited  in  the  Geolo- 
gical Department  of  the  British  Museum  of  Natural  History,  by 
Dr.  Exton,  which,  together  with  the  evidence  of  a  mammalian 
genus  (Trityhdon),  induded  remains  of  the  reptilian  genera  KisU- 

a  J.  G.  8.  No.  169.  B 
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eephahis  and  Bairachosawrua^  has  also  furnished  the  subject  of  the 
present  paper. 

Characters  of  the  skull  and  teeth,  more  or  less  mutilated  in  the 
original  specimen  of  OaUsaurtts,  have  been  brought  to  light  by  careful 
removal  of  the  adherent  matrix  from  the  present  fossil,  under  the 
superintendence  of  my  friend  Mr.  W.  Davies,  Assistant  in  the 
Department. 

Cranial  and  dental  characters,  so  exposed,  are  given  in  the  annexed 
drawings  of  the  natural  size  (PI.  I.) ;  to  one  of  which  (fig.  2)  is  added, 
in  outline,  the  better-preserved  occipital  region  of  the  typical  speci- 
men of  Oalesaurus,  now  also  in  the  Geological  Department. 

In  both  specimens  the  reptilian  nature  of  the  fossil  is  exemplified 
by  the  single  occipital  condyle  (figs.  2  &  3,  i)  and  by  the  degree  in 
which  the  ex-  (*)  and  supra- occipitals  (3)  slope  forward  as  they  rise 
to  join  the  paricto- mastoid  elements,  t-s.  The  restricted  propor- 
tions of  the  brain  are  concurrently  exemplified  by  the  parieto-frontal 
ridge-like  roof  and  steeply  sloping  side-walls  of  the  cranial  cavity 
(fig.  2,  7).  The  mass  of  the  temporal  muscles  is  indicated  by  the 
wide  span,  I,  of  the  strong  zygomatic  arches,  the  parietal  boundaries 
of  which  meet  and  develop  a  median  crest,  to  which  the  frontals,  11, 
also  contribute  a  small  proportion.  No  trace  of  sagittal  suture 
remains:  the  chief  difference  in  this  part  of  the  cranium  from  a 
mature  male  of  a  placental  or  marsupial  Carnivore  is  the  retention 
of  the  evidence  of  a  primordial  *'  gullet-tract,"  manifested  by  the 
"  pineal "  or  "  infundibular  "  orifice  (^g,  2, 7)*.  The  orbits,  0,  have 
a  strong  uninterrupted  bony  rim,  formed  above  by  the  pre-  (m)  and 
post-  (12)  frontals,  which  unite  suturaUy  and  exclude  the  mid 
frontal  (figs.  1  &  2,  11);  the  orbital  frame  is  completed  before  and 
below  by  the  lacrymal,  maxillary  (21),  and  malar  (26)  bones.  A 
strong,  vertically  broad  element  (s)  of  the  zygomatic  arch  seems  to  be 
excluded  from  the  orbit  by  a  suturaUy  joined  malar  and  postfrontal ; 
the  arch  bends  outward  to  augment  the  space  for  the  temporal 
muscle,  and  broadly  joins  the  mastoid  to  form  the  hind  wall  of  the 
wide  temporal  fossa;  the  mnscles  so  indicated  relate  to  vigorous 
working  of  the  canine  weapons. 

The  plane  of  the  orbit  slopes  forward  and  from  above  downward 
and  outward  (figs.  1  &  2,  0,  0).  The  fronto-nasal  suture  runs  across, 
in  a  line  with  ttie  fore  border  of  the  orbits.  The  nasals  (15)  diverge 
anteriorly  to  fonn  the  sides  of  a  single  almost  terminal  outer  nostnl 
(n),  which  exposes  the  fore  border  of  a  bony  septum.  In  some  other 
Triassic  ReptHes  (Cynosuchus,  e.  g.)  the  nostril  is  single.  The  pre- 
maxillaries  complete  the  nostril.  The  palatal  region  (fig.  3)  repeats 
the  same  genend  characters  as  in  previously  described  Theriodonts 
where  it  has  been  exposed,  e,  g.  in  Dicynodon  leoniceps  (op.  cit, 
pi.  xxvi.),  Oudenodon  magnus  (ih.  pi.  Ivi.),  Oudenodon  hreviroatris 
(i6.  pi.  Iviii.). 

The  pterygo-maxillary  vacuities  (fig.  3,  y)  arc  large,  but  relatively 

*  See  '  Esiays  on  the  Conario-hypoph^siAl  Tract,  and  on  the  Aspecte  of  the 
Body  in  Vertebrate  and  Invertebrate  AmmalB.'  Bv  Bichard  Owen,  F.B.B.  &c. 
8vo,  1883  (Taylor  and  Francis,  Bed  Lion  Court,  Fleet  Street,  London). 
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less  than  in  tho  toothless  Triassic  species  quoted.  Their  proportions 
and  periphery  are  more  nearly  repeated  by  the  Orooodiles,  among 
recent  forms,  than  by  any  known  species  of  Lizard  or  Chelonian. 
The  pterygoids  (fig.  3,  m)  divide,  with  the  presphenoid,  these  vacu- 
ities from  each  other ;  the  diverging  fore  ends  of  the  pterygoids  join 
the  palatal  and  palato-maxillary  boundaries  of  the  posterior  nostrils 
( palato-nares).  As  in  the  Triassic  Dicynodohts  and  later  Orocodilia, 
the  palate  is  toothless. 

The  mandible  is  deep  and  strong ;  the  rami  coalesce  at  the  sym- 
physis ;  but  the  sutures  between  the  constituents  of  the  rami  are 
retained,  those,  for  example,  between  the  dentary  (33),  the  angular 
(30),  and  suraugular  (so)  (figs.  1  &  3). 

The  angle  of  the  jaw  is  not  produced,  as  in  the  Crocodile,  beyond 
the  articular  element ;  in  general  shape  and  bony  strength  the  man- 
dible of  Oalesaurus  resembles  that  of  a  Mammal. 

The  dentition  of  the  present  specimen  is  in  a  state  of  preservation 
so  much  better  than  in  the  type  Galesaur,  as  to  call  for  the  present 
description  and  illustrations. 

The  series  of  upper  molars  of  that  fossil  (op,  at  pi.  rviii.  fig.  7) 
were  restored  as  to  number  in  pi.  xviii.  from  remains  of  the  inner 
enamel-coating  of  parts  of  the  crown  and  of  the  fangs  of  teeth  of 
the  upper  jaw.  The  opposing  molars  of  the  lower  jaw  afforded 
farther  indications  of  molars,  and  better  ones  of  the  canines  and 
incisors.  The  laniariform  character  of  the  canines,  their  number, 
position,  and  relative  size,  clearly  indicate  the  resemblance  of  these 
teeth  to  their  homologues  in  the  carnivorous  Mammalia. 

In  the  subject  of  the  present  paper  the  entire  crown  is  preserved 
in  four  of  the  upper  molars ;  the  enamelled  portion,  or  crust,  shows 
less  length  and  greater  breadth  than  appears  in  the  above-cited 
restoration  (1876),  in  which  part  of  the  preserved  fang  is  included 
in  the  restored  outline  of  the  crown.  In  the  perfect  molars  of  the 
present  specimen  (fig.  1)  the  crown  shows  less  length  and  greater 
breadth  than  in  the  previous  restoration ;  it  is  moderately  convex 
externally,  triangular,  with  the  base  flanked  by  a  short  cusp  before 
and  behind;  the  corresponding  margins  of  the  crown  are  finely 
crenulate,  as  in  the  molars  of  Cynodraco  {op,  cit,  pi.  xvii.  fig.  6)  and 
Lycosaurus  (pL  xv.  fig.  5,  op,  cit,)  An  eidarged  outline  of  a  perfect 
upper  molar  is  now  given  in  PI.  I.  fig.  4.  The  incisors  with  longish, 
slender,  simple-pointed  crowns  are  eight  in  number  in  both  upper 
and  lower  jaws,  four  in  each  premaxillary  opposed  or  partially 
interlocking  with  the  same  number  in  each  mandibular  ramus; 
they  show  a  slight  increase  of  size  &om  the  first  to  the  fourtlu 
The  canines  (fig.  1,  c,  c'),  one  on  each  side  of  both  upper  and 
lower  jaws,  have  the  same  laniariform  shape  and  size  of  crown 
as  in  the  original  fossil  of  Oalesaurus  (loc,  cit,  pi.  xviii.  fig.  7,  c). 
A  corresponding  interspace  for  rec^tion  of  the  crowns,  the  mouth 
being  shut,  breaks  the  dental  series.  In  the  right  maxillary  bone 
the  long,  deeply  implanted  root  is  exposed ;  the  corresponding  part 
of  the  lower  canine  is  similarly  exposed  in  the  lefb  mandibular 
ramus.    The  sum  of  these  characters  is  shown  in  the  side  of  the 

b2 
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Bkull  selected  for  tlie  profile  view  in  ^Lg.  1,  PL  I.     No  trace  of 
successional  teeth,  as  in  ordinary  Saorians,  lias  been  discqyered. 

Crocodiles  and  Alligators,  both  existing  and  extinct,  have  two  or 
more  teeth  of  canine  proportions  on  each  side  of  botJii  upper  and 
lower  jawSy  the  largest  and  most  conspicuous  being  developed  from 
near  ti^e  middle  of  the  dental  rank*;  but  these  teeth  differ  in  shape 
from  those  of  Mammalian  Carnivores  and  Galesanrs,  have  thicker 
crowns,  subcircular  in  transverse  section,  chiefly  differing  in  size 
from  the  smaller  teeth  before  and  behind  them.  A  similar  character 
and  disposition  of  destructive  canines  is  shown  by  the  fossil  jaws  of 
the  Oolitic  great  extinct  carnivorous  Saurians — Megalosaurus,  for 
example.  In  the  Triassic  Labyrinthodonts  the  destructive  and  pre- 
hensile laniaries  occupy  the  foremost  end  of  the  dental  series,  are 
four  in  number,  two  on  each  side,  and  by  position  in  the  lower 
jaw  would  rank  as  '<  incisors  "  rather  than  canines  f. 

In  the  poisonous  Snakes  the  canines,  in  number  and  position, 
resemble  those  in  the  upper  jaw  of  carnivorous  Mammals,  but  are 
limited  to  that  locality,  and  have  the  well-known  modifications  of  * 
structure  and  attachment  in  purposive  relation  to  the  infliction  of  a 
venomous  wound  J. 

As  a  rule  the  dental  series,  in  existing  Lizards,  shows  teeth  of 
nearly  uniform  shape,  and  either  similar  in  size  (see  figs.  1,  2,  3,  4, 
pi.  Ixvi.,  '  Odontography,'  vol.  ii.),  or  gradually  increasing,  chiefly 
in  breadth  of  crown,  from  before  backwards  (figs.  6,  7,  loc.  cit). 
Moreover  the  cement-clad  roots  contract  bony  union  with  the  jaw- 
bones, both  upper  and  lower ;  whilst  in  OdUsaurus  the  teeth,  besides 
being  distinguished,  as  in  Mammals,  by  their  differential  character 
as  incisors,  canines,  and  molars,  are  implanted  freely  in  sockets  of 
due  depth,  the  cold-blooded  characters  being  manifested  solely  by  the 
greater  number  of  teeth  following  the  canines,  and  by  the  absence 
of  those  developmental  and  formal  distinctions  which  enable  the 
naturalist  to  dassify  them,  in  Mammals,  as  ^'premolars"  and 
"  molars." 

Here,  however,  I  may  remark  that  some  extinct  Mammals  of  the 
Oolitic  period  have  retained  the  earlier  Reptilian  character  of  the, 
geologically,  older  subject  of  the  present  communication.  I  refer  to 
the  excess  of  number  of  the  molar  teeth  in  Amphitherium  (Brit. 
Foss.  Mammals,  8vo,  1846,  p.  29.  &g.  15,  p.  44.  i^g.  16),  a  character 
still  retained  in  the  existing  AustraJiau  Myrmecobius,  GaUsaurus 
also  resembles  that  and  other  Marsupials  §  in  the  number  and 
relative  size  of  its  upper  incisors,  while  retaining  the  same  number 
below. 

One  cannot  rise  from  these  comparisons  without  speculating  on 
the  association  of  the  degree  oi  mammalian  dental  resemblances 
manifested  by  the  teeth  of  the  old  Triassic  Eeptile  at  the  southern 

*  *  Odontography,*  toI.  ii.  (Atlas).  pL  75  a.  figs.  ]  &  2. 
t  Torn.  ct7.pl.63a.fig8.4&5. 

iTom.  cit,  pi.  63.  figs.  8,  9,  13. 
Tarn,  cit.  pi.  98.  fig.  l,  Thylacinus ;  fig.  2,  Dasyurus ;  fig.  3,  PhascogaU ; 
fig.  4,  Myrm€Cobiu8, 
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end  of  Africa  with  the  exceptional  incisory  and  molary  characters 
of  some  of  the  low  Australian  forms  of  Mammals  still  in  existence 
at  the  Antipodes. 

EXPLANATION  OF  PLATE  I. 
Skull  of  GcUeaawus  planic^f  Ow. 

Fig.  1.  Side  yiew. 

2.  Top  Tiew. 

3.  Baae  view. 

4.  Magnified  view,  outer  aide,  of  molar  tooth. 
(All  the  figures^  sare  4,  are  of  the  natural  size.) 

DlSOUSSION. 

The  Pbesidbnt  referred  to  the  skilful  work  of  the  masons  in  the 
British  Museum,  under  the  able  direction  of  Mr.  William  Bavies, 
and  was  glad  to  find  that  the  Author's  previous  suggestions  as  to 
Btnicture  were  fully  confirmed. 

Mr.  Cbuttwell  questioned  the  Triassic  age  of  the  South-African 
beds  in  question.  They  were  in  conformable  sec^uenco  to  beds  full 
of  nndoubted  Carboniferous  fossils.  Might  not  Galesaurus  rank  as 
a  Carboniferous  Amphibian  ? 

Prof.  Seblst  remarked  on  the  admirable  description  of  this 
species  which  the  Author  had  given,  and  regretted  that  he  was  un- 
able  to  concur  in  the  conclusions  as  to  its  classification.  He  con- 
tended that  the  term  Thoriodontia  used  for  this  animal  and  its  allies 
was  based  on  resemblances  of  analogy  which  did  not  imply  affinity, 
and  that  other  reptile  types  had  as  good  a  claim  to  be  termed 
Theriodont  from  resemblances  to  other  mammalian  forms  of  den- 
tition, and  it  would  be  absurd  to  institute  ordinal  groups  for  them. 
He  maintained  that  the  developed  tooth  in  the  position  of  a  canine^ 
in  these  fossils,  was  not  a  character  on  which  an  order  could  be 
based.  Spencer's  investigation  of  the  organ  resembling  an  eye 
which  occupies  the  parietal  foramen  gave  new  interest  to  its  pre- 
sence in  the  fossil,  but  the  character  was  not  Therioid.  In  the  con- 
struction of  the  palate  he  found  no  difference  of  plan  from  the 
other  Anomodontia.  There  were  differences  from  Lizards  in  the 
mode  of  union  of  the  pterygoid  bones  with  the  sphenoidal  mass ; 
but  the  fossil  showed  no  distinctive  type  in  this  region.  He  urged 
that  the  mammalian  resemblance  noted  in  the  form  of  the  brain- 
case  was  equally  delusive  ;  for  although  Procolojphon  was  far  from 
being  the  nearest  ally  of  GaJtmurus,  he  thought  the  resemblance 
between  them  in  the  fore  part  of  the  skull,  in  the  divided  nares 
and  forms  of  the  bones,  justified  him  in  saying  that  there  was  no 
more  difference  between  those  genera  than  differentiated,  in  another 
order,  the  Chelonian  genus  Chitra  from  the  Sea-Turtle,  Chelone, 
He  therefore  considered  it  unfortunate  that  an  ordinal  group, 
Theriodontia,  should  have  been  instituted  for  these  Anomodonts. 

Prof.  T.  KtTPBBT  Jokes  said  that  the  Stormberg  beds,  in  which 
the  GaUsaurus  is  found,  lie  somewhere  between   PalaBozoic  and 
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Mesozoic,  and  he  expressed  his  doubts  as  to  the  Palseozoic  fossils 
which  were  alleged  to  have  been  found. 

Mr.  Ltbekkeb  confirmed  the  remarks  of  Prof.  Seeley,  and  ex* 
pressed  his  regret  that  Sir  B.  Owen  had  not  described  one  other 
specimen  in  the  British  Museum.  It  would  be  sufficient  to  regard 
these  fossils  as  constituting  a  suborder  only. 

Dr.  WoonwAKD  thought  that  thanks  were  due  to  Dr.  Exton,  and 
remarked  on  the  difficidty  of  getting  specimens  from  Bloemfontein ; 
exchanges  of  this  kind  were  valuable.  He  instanced  the  acquisi- 
tion of  Tritylodon  and  fish-remains  not  previously  known.  He 
differed  as  to  the  Carboniferous  age  of  the  beds,  and  considered  that 
the  Tiias  would  represent  the  extreme  of  their  possible  antiquity. 

Dr.  Blahfobd  said  that  he  had  protested  against  the  term  Triassic 
on  the  last  occasion  when  Sir  E.  Owen  had  described  a  mammalian 
skull  from  the  Stormberg  beds,  and  he  still  thought  it  a  matter  for 
regret  that  these  interesting  fossils  were  definitely  assigned  to  a 
particular  geological  system,  although  it  was  notorious  that  the 
evidence  of  age  was  far  from  clear.  The  speaker  pointed  out  that 
some  remarkable  similarities  in  Indian  beds,  and  tke  asserted  pre- 
sence in  the  Stormberg  beds  of  plants  common  to  the  Jurassics  of 
Australia,  indicated  that  the  beds  from  which  Oalesaurus  was  ob- 
tained were  at  least  as  likely  to  be  Jurassic  or  even  Neocomian  as 
Triassic. 

Mr.  Cbuttwsll  referred  to  the  abundance  of  Carboniferous  plants 
which  might  be  observed  at  Newcastle  and  Dundee,  in  Natal,  and 
he  repeated  that  the  Earoo  beds  may  be  seen  to  overlie  these  in 
sequence  on  the  route  from  Camden  to  Prsatoria. 

The  Pbesident  regretted  that  the  Author,  through  illness,  was 
not  able  to  be  present  to  reply  to  the  criticisms  as  to  the  systematic 
position  of  these  forms  and  the  geological  age  of  the  beds  in  which 
ihey  occur. 
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2.  I7i6  CerAOEi.  0/  ^  Suppole  Cbao.     By  R.  Ltdbkebb,  Esq., 
B^.,  F.G.8.,  &o.    (Bead  November  3,  1886.) 

[Platb  n.] 

Thb  fossil  Getaoea  of  the  Suffolk  Crag  have  already  formed  the 
sabjeeii  of  several  memoirs  and  papers,  although  no  complete 
treatise  has  as  yet  appeared  on  the  whole  group.  Of  the  more 
important  memoirs  the  earliest  is  one  by  the  late  Prof.  Henslow, 
whieh  appeared  in  the  Society's  *  Proceedings'  for  1843*,  and  con- 
tains a  description  by  Prof.  Sir  B.  Owen  of  four  specimens  of  the 
tympanies  of  tiie  BalcenicUB.  In  Sir  R.  Owen's  *  History  of  British 
Fos^  Mammals  and  Birds '  (1846)  these  specimens  are  again  de- 
smbed,  and  the  genus  Balcenodon  is  founded  on  the  evidence  of  an 
imperfect  toeth.  In  1864  Prof.  E.  Bay  Lankester  t  published  a 
paper  on  Crag  fossils  containing  a  notice  of  some  delphinoid  remains ; 
while  in  another  memoir,  which  appeared  during  the  same  year 
in  the  Society's  *  Journal  'J,  Prof.  Huxley  described  the  rostrum  of 
one  of  the  Ziphioids  under  the  new  generic  title  of  Belemnoziphius, 
In  1870,  Sir  B.  Owen  contributed  a  monograph  of  the  Ziphioids  to 
(he  PaUeontographical  Society ;  and  in  the  latter  part  of  the  same 
year  Prof.  Lankester  §  published  the  description  of  a  rostrum  be- 
longing to  the  same  group.  Finally,  in  1884,  Prof.  Flower,  in  part  2 
of  the  *  Catalogue  of  the  Vertebrata  in  the  Museum  of  the  Boyal 
College  of  Surgeons,'  provisionally  referred  a  considerable  number  of 
tympanies  of  Balcenidce  to  the  four  species  determined  by  Sir  B. 
Owen,  without  entering  into  the  question  of  the  correctness  of  the 
generic  determination.  Two  specimens  were,  however,  regarded 
as  distinct  from  all  these  four  species ;  one  of  tiiese  was  referred  to 
BctUma  and  the  other  to  Balcenoptera.  Some  incidental  references  to 
Crag  Oetacea  occur  in  the  works  of  foreign  palaeontologiste,  which 
need  not  be  definitely  quoted. 

In  the  course  of  preparing  the  '  Catalogue  of  the  Fossil  Kammalia 
in  the  British  Museum,'  I  have  been  led  not  only  to  examine  every 
specimen  of  the  remains  of  Crag  Cetacea  contained  in  that  collection, 
but  have  also  examined  the  collections  of  the  Museum  of  the  Boyal 
College  of  Surgeons,  of  the  Museum  of  Practical  Geology,  and  of 
the  Ipswich  Museum ;  and  I  have  also  paid  a  visit  to  the  Brussels 
Museum  in  order  to  compare  the  unrivalled  collection  of  Pliocene 
Cetacea  contained  in  that  institution  with  the  English  specimens  ||. 

«  Proc.  Geol.  Soc.  toI.  it.  pp.  283-286. 

t  Ann.  &  Mag.  Nat.  Hist.  aer.  3,  vol.  xiv.  p.  356. 

X  Quart.  Joum.  Geol.  Soc.  vol  xx.  p.  388. 

§  Ibid.  vol.  xxvi.  p.  502. 

I  I  d«aire  to  express  my  obligations  to  the  Director-General  of  the  G^lo- 
gial  Survey,  and  Mr.  E.  T.  Newton,  of  the  Museum  of  Practical  Qeology,  to 
Dr.  J.  E.  Taylor,  of  the  Ipswich  Museum,  and  to  the  Director  and  M.  L.  Dollo 
of  the  Bruflsels  Museum,  ^or  their  courtesy  in  placing  the  collections  imder 
their  charge  at  my  disposal,  as  well  as  for  the  opportunity  of  borrowing  some 
of  the  most  important  specimens. 
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As  the  result  of  these  extensive  comparisons,  I  have  been  able  not 
only  to  add  a  considerable  number  of  species  to  the  British  fauna,  but 
to  make  several  important  emendations  in  regard  to  nomenclature, 
and  also  as  to  the  affinities  of  certain  forms  which  have  hitherto  been 
but  very  improperly  knovrn ;  and  I  have  accordingly  thought  it 
advisable  (with  the  permission  of  the  Director  and  the  Keeper  of  the 
Geological  Department  of  the  British  Museum)  to  bring  these  results 
in  a  collective  form  under  the  Society's  notice.  I  think  I  may  be 
congratulated  that  I  have  not  found  it  necessary  to  make  any  new 
species. 

Before  proceeding  to  the  descriptive  part  of  the  paper  it  may  be 
advisable  to  state  that  my  own  observations  fully  confirm  the  con- 
clusions arrived  at  by  Prof.  Lankester,  as  to  the  essentially  Diestian 
affinities  of  the  English  Crag  Cetacea.  In  the  Coralline  Crag  the 
specimens  are  usually  met  with  in  an  unrolled  condition ;  and 
although  the  remains  found  in  the  bone-bed  at  the  base  of  the  Bed 
Crag  are  much  rolled  and  water-worn,  yet  specimens  belonging  to 
the  same  species  are  found  occaisionally  in  the  upper  portions  of 
that  deposit,  in  a  more  or  less  uninjured  condition,  which  clearly 
proves  that  such  species  were  inhabitants  of  the  Pliocene  sea  during 
the  deposition  of  the  Bed  Crag.  With  these  introductory  remarks 
the  consideration  of  the  fossils  themselves  may  be  undertaken  *. 

BalcetiidcB, — Commencing  with  the  BalaBnine  section  of  the  family, 
it  appears  to  me  to  be  advisable  to  include  in  the  genus  Balcena 
both  Balcenotas  and  Balcmtda  of  Van  Beneden,  as  these  forms  seem 
to  be  nothing  more  than  primitive  Bight  Whales,  in  which  the 
anchylosis  of  the  cervical  vertebras  had  not  attained  the  full  develop- 
ment characteristic  of  the  existing  forms.  Of  the  four  tympanies 
described  by  Sir  K.  Owen  in  the  fourth  volume  of  the  Society's 
'  Proceedings,'  and  in  the  *  British  Fossil  Mammals  and  Birds,'  under 
this  generic  designation,  the  only  one  that  really  belongs  to  Balcena 
is  B,  affinis.  The  type-t}Tnpanic  is  not  of  very  large  size,  but  there 
are  specimens  in  the  British  Museum  (e.g.  No.  46681) corresponding 
in  form  which  indicate  a  species  fully  as  large  as,  and  apparently 
closely  allied  to,  the  Greenland  Whale ;  there  are  similar  specimens 
in  the  Brussels  Museum  which  have  been  referred  to  B.  primigenia^ 
Van  Beneden  (a  reference  which,  if  correct,  would  indicate  that  the 
latter  name  is  a  synonym  of  B.  affinis) y  but  which  differ  from  typical 
tympanies  of  that  species.  The  tympanic  of  B,  affinis  is  characterized 
by  its  elongated  shape  and  flat  anterior  surface,  its  nearly  straight 
inferior  border,  which  is  approximately  parallel  with  the  superior 
border  of  the  inner  wall,  the  height  of  the  inner  wall  at  the  Eusta- 
chian part  of  the  aperture,  the  produced  antero-inferior  angle,  and 
the  slight  thickening  of  the  involucrum  t. 

In  addition  to  this  type  of  tympanic  the  Bed  Crag  contains  nu- 
merous examples  of  the  tympanies  of  other  lai^e  Whales,  which  in 
their  convex  inferior  border,  absence  of  a  produced  antero-inferior 

*  Ab  the  references  to  the  nomenclature  will  be  given  in  the  British  Museum 
Catalogue,  it  will  be  unnecessary  to  quote  them  in  this  paper, 
t  The  reflected  superior  portion  of  the  inner  wall. 
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angle,  and  the  comparative  lowness  of  the  Eustachian  portion  of  the 
aperture  agree  with  the  existing  Whales  of  the  southern  and  tem- 
perate oceans  (B.  biscayensis  and  B.  australis).  Very  great  variation 
in  respect  of  certain  details  is  found  in  this  type  of  tympanic,  the 
difference  between  extreme  examples  being  so  great  that  if  we  had 
only  a  few  specimens  to  deal  with,  it  would  be  necessary  to  refer 
them  to  more  than  one  species  ;  but  in  a  large  series  it  is  found 
that  these  variations  apparently  pass  imperceptibly  into  one  another, 
and  all  the  forms  are  therefore  provisionally  referred  to  one  species, 
which  is  B,  primigenia  of  Van  Beneden.  In  the  typical  form  of 
tympanic  *,  which  we  may  call  variety  A,  the  inner  wall  is  very 
high,  its  superior  border  oblique,  the  flattening  of  the  anterior  sur- 
fSfiwe  extending  nearly  or  quite  down  to  the  border,  the  involucrum 
considerably  thickened,  and  the  inferior  border  somewhat  angulated. 
There  is  a  very  perfect  immature  tympanic  of  this  specimen  in  the 
British  Museum  (No.  46686),  which  was  identified  several  years 
ago  by  Prof.  Van  Beneden,  and  there  are  others  in  the  Museum  of 
Practical  Geology,  and  in  the  Ipswich  Museum,  and  one  fine  example 
in  the  Museum  of  the  College  of  Surgeons  (No.  2831).  By  the 
courtesy  of  Mr.  Colchester,  of  Ipswich,  I  figure  (woodcut,  fig.  1)  a 

Fig.  1. — Balaena  primigenia,  Van  Beneden,  var.  A^     The  imjperfeci 
right  tympanic  ;  from  the  Red  Crag,     Half  nat.  size. 


specimen  of  a  right  tympanic  of  this  type,  which  has  not  been 
subjected  to  rolling.  In  this  specimen  (of  which  a  cast  has  been 
taken  by  Mr.  Colchester's  permission  for  the  British  Museum)  the 
obliquity  of  the  superior  border  of  the  inner  wall  is  only  moderate. 

In  the  form  which  may  be  called  variety  B,  of  which  there  is  a 
very  fine  example  in  the  Museum  of  Practical  Geology  (PI.  II.  figs. 
1,  la),  the  obliquity  of  the  superior  border  of  the  inner  wall  is 
excessively  developed,  although  most  of  the  other  characters  are 

*  See  Van  Beneden,  Ann.  Mus.  B.  Hist.  Nat.  Belg.  vol.  iy.  pt  2,  pi.  xix.  figs. 
1-4  and  9-12. 
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Bimilar  to  those  of  the  type  form.  This  veiy  remarkable  type  of 
tympanic  presents  an  approximation  to  the  still  more  remarkable 
tympanic  of  the  genus  Neobalcena,  the  resemblance  being  so  decided 
as  to  indicate  the  probability  of  there  having  been  a  genetic  connec- 
tion between  the  two  forms.  The  form  which  I  note  as  variety  0 
is  represented  by  a  tympanic  in  the  British  Mnsenm  (No.  46685^ 
which,  while  agreeing  in  many  respects  with  the  t^pe-form,  is 
distinguished  by  its  extreme  lateral  compression  and  the  total 
absence  of  any  thickening  of  the  involucram. 

The  last  variety,  which  we  may  term  D,  is  characterized  by 
the  lowness  of  the  inner  wall,  the  parallelism  of  its  superior  border 
to  the  long  axis  of  the  bone,  the  slight  downward  extent  of  the 
flattening  of  the  anterior  surface,  and  the  absence  of  any  distinct 
angulation  of  the  inferior  border.  There  is  a  fine  example  of  this 
form  in  the  British  Museum  (PI.  II.  figs.  2,  2a),  and  a  smaller  one 
in  the  Museum  of  Practical  Geology.  It  is  not  always  easy  to  dis- 
tinguish between  some  of  the  smaller  tympanies  of  this  type  and 
those  of  B,  imignis ;  but  those  of  the  latter  are  usually  more  inflated, 
thicker  inferiorly,  and  with  a  distinct  angulation  of  the  inferior 
border.  Tympanies  agreeing  with  those  of  B.  (Balcenotus)  insignis 
and  B,  (Bakenula)  halcenopsis,  Van  Beneden,  occur  in  the  Red  Crag ; 
and  the  British  Museum  possesses  an  atlas  vertebra  (No.  M.  3542) 
from  the  Coralline  Crag  referred  by  Professor  Yan  Beneden  to  the 
latter  species.  Both  these  Whales  are  of  small  size,  but  B,  baleen" 
opsis  is  the  smaller  of  the  two.  Prof.  Van  Beneden  mentions 
certain  structural  differences  by  which  the  tympanies  of  these  two 
species  can  be  distinguished ;  but  I  confess  that  I  was  unable  to 
satisfy  myself  of  the  validity  of  such  distinctions  from  an  exami- 
nation of  the  type  specimens  in  the  Brussels  Museum :  in  naming 
the  Crag  specimens,  I  have  been  forced  to  content  myself  with 
referring  the  smaller  ones  to  B.  balamopsis,  and  the  larger  to  B.  in- 
gignis ;  and  it  is  difficult,  in  the  case  of  some  immature  specimens, 
to  say  whether  they  may  not  belong  to  young  individuals  of  the 
larger  species.  There  is  a  very  beautiful  example  of  the  right  tym- 
panic of  the  former  species,  which  was  obtained  ftom  the  Bed  Crag 
of  Woodbridge,  preserved  in  the  Ipswich  Museum.  The  tympanic 
of  B.  insignis  frequently  exhibits  a  flattening  of  the  inferior  surface 
which  recalls  the  structure  obtaining  in  the  following  section. 

In  the  BalsBUopterine  section,  which  is  characterized  by  the  absence 
of  anchylosis  of  the  cervical  vertebrsB  and  the  more  inflated  and 
rounded  tympanic,  in  which  the  Eustachian  channel  is  usually  well 
defined,  it  may  be  observed  that  a  very  large  number  of  genera  and 
species  have  been  founded  by  Prof.  Van  Beneden  on  the  evidence 
of  remains  from  the  Antwerp  Crag.  Some  of  these  forms  have  not 
yet  been  figured,  and  their  names  are  therefore  little  better  than 
MS.  ones ;  while  in  those  which  have  been  fully  described  it  appears 
to  me  that  some  of  the  generic  divisions  are  unnecessary,  and  I 
cannot  help  thinking  that  in  certain  instances  some  of  the  forms  to 
which  specific  names  have  been  applied  are  not  improbably  only 
individual  or  sexual  variations ;  but  as  it  is  impossible  to  prove  this, 
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I  eaimot  bnt  adopt  such  species*.  In  regard,  however,  to  the 
names  applied  to  two  of  these  species,  it  is  necessary  to  replace 
those  given  by  Prof.  Van  Beneden  by  the  earlier  Owenian  ones. 
It  may  be  added  that  the  great  number  of  species  in  this  section 
renders  the  specific  determination  of  detached  vertebrae  in  many 
instances  a  matter  of  great  difficulty  and  uncertainty ;  and  it  may 
also  be  mentioned  that  owing  to  the  more  fragile  nature  of  the 
outer  wall  of  the  tympanic  in  the  Eorquak,  fairly  perfect  specimens 
of  these  bones  are  much  less  common  in  the  Bed  Crag  than  in  the 
case  of  the  Bight  Whales. 

In  the  genus  Megaptera  (in  which  the  tympanic  is  more  inflated 
and  its  involucrum  more  pear-shaped  than  in  Balcmoptei-a)  we  may, 
I  think,  certainly  include  the  genus  Burtinopsis  of  Yan  Beneden, 
which  has  been  described  as  intermediate  between  Megaptera  and 
B<dasnopt€ra,  although  the  tympanies  figured  by  Yan  Beneden  f  are 
undistdngmshable  in  structure  from  those  of  Megaptera  hoops.  To 
Megaptera  affinis,  Yan  Beneden,  I  provisionally  refer  an  immature 
right  tympanic  (PL  II.  figs.  4,  4  a)  from  the  Coralline'  Crag,  which 
is  preserved  in  the  Museum  of  Practical  Geology,  and  in  its  blunted 
anterior  extremity  agrees  very  closely  with  the  larger  example 
figured  by  Yan  Beneden  in  the  Ann.  Mus.  R.  Hist.  Nat.  Belg. 
vol.  vii.  pt.  3,  pi.  xliii.  figs.  1,  2. 

A  left  periotic,  from  the  Red  Crag,  in  the  British  Museum  (No. 
39020),  from  the  narrow  and  elongated  form  of  the  portion  containing 
the  semicircular  canals,  evidently  belongs  to  the  present  genus  (as 
distinct  from  Balcenoptera  and  Cetotherium) ;  and  as  it  is  apparently 
adult,  and  much  smaller  than  the  corresponding  bone  of  M,  affinis 
figured  by  Yan  Beneden  in  the  Ann.  Mus.  R.  Hist.  Nat.  Belg. 
vol.  vii.  pt.  3,  pi.  xlii.  fig.  4,  and  is  apparently  too  large  for  M. 
(Burtinopsis)  minuta,  Yan  Beneden,  the  probability  is  that  it  belongs 
to  the  somewhat  larger  M,  {Buriinopsis)  similis,  Yan  Beneden. 
The  small  M.  minuta  is  represented  by  a  nearly  perfect  left  t}'mpanic 
(PL  n.  figs.  5,  5  a)  from  the  Coralline  Crag,  which  is  preserved  in 
the  Ipswich  Museum,  and  agrees  exactly  with  the  tympanic  figured 
by  Yan  Beneden,  op,  cit.  pi.  xcvii.  figs.  9-11,  under  the  name  of 
Buriinopsis.  Except  by  its  smaller  size,  the  English  specimen  can 
scarcely  be  distinguished  from  the  tympanic  of  the  existing  M,  hoops. 

To  the  genus  Balcmoptera  belongs  the  so-called  Balcena  dejinita^ 
Owen,  of  which  there  is  a  fairly  perfect  tympanic  in  the  Ipswich 
Museum  (PL  II.  figs.  3,  3  a).  This  specimen  agrees  exactly  with 
the  imperfect  type  tympanic  (of  which  a  cast  is  preserved  in  the 
Museum  of  the  College  of  Surgeons  t) ;  ^^^  ^  it  difiTers  from  the 
corresponding  bone  of  B.  0(yropi^  Yan  Beneden,  by  its  larger  size,  ita 

^  In  many  inGftances'it  does  not  appear  to  me  by  any  means  certain  that  the 
Tertebree  belong  to  the  same  species  as  the  tympanies,  and  it  is  therefore  advisable 
to  regard  the  latter  as  the  types  of  such  species. 

t  Ann.  Mus.  B.  Hist.  Nat.  Belg.  toL  vii.  pt.  3,  pis.  Ixxxix.  &,  xcvii.  The 
recent  tympanic  figured  in  pi.  btxxix.  figs.  15, 16,  under  the  name  of  Bahjenoptera 
aniarcticUy  certainly  belongs  to  Megaptera  hoops,  and  might  have  been  drawn 
from  a  specimen  in  the  British  Museum  (No.  2.76.16.18). 

\  Noe.  2805  and  2832  in  the  same  coUection  belong  to  this  species. 
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greater  inflection,  greater  height  of  the  inner  wall,  smaller  depth  of 
the  Eustachian  notch,  sharper  posterior  angle,  and  more  gibbous  in- 
volucrum,  there  is  little  doubt  of  its  specific  distinctness,  and  every 
probability  of  its  being  identical  with  the  so-called  B,  Sibbaldina,  Van 
Eeneden,  of  which  the  tympanic  has  been  hitherto  unknown.  This 
is  confirmed  by  a  very  fine  late  cervical  vertebra  from  the  Bed  Crag 
in  the  Ipswich  Mnsenm,  which  corresponds  exactly  with  the  type 
specimens  of  the  latter  form  in  the  Brussels  Musenm.  The  rather 
smaller  B,  Oaropi^  Van  Beneden  *,  is  represented  by  an  imperfect 
tympanic  from  the  Bed  Crag,  in  the  British  Museum  (No.  39016), 
and  probably  by  some  vertebrae  in  the  same  collection.  Of  the  still 
smaller  B.  borealinay  Van  Beneden,  there  la  an  imperfect  tympanic 
(of  which  the  British  Museum  has  a  cast)  in  the  Ipswich  Museum, 
from  the  Bed  Crag,  as  well  as  two  similar  specimens  in  the  British 
Museum  (Nos.  3907-8).  The  next  form  is  that  named  by  Owen 
Balasna  emarginata  (with  which  B,  gibbosa,  Owen,  appears  to  be 
identical t),  which  is  represented  by  several  tympanies  in  the  Museum 
of  the  College  of  Surgeons];,  and  by  one  in  the  British  Museum 
(No.  39016  a) ;  these  specimens  are  absolutely  undistinguishable 
from  the  tympanies  found  in  the  Antwerp  Crag,  which  Van  Beneden 
has  named  Balcenoptera  rostratella,  a  name  which  must  give  place 
to  the  earlier  one  applied  by  Owen,  so  that  the  species  must  be 
known  as  Balcenoptera  emarginata.  With  regard  to  the  genus 
Flesiocetus  of  Van  Beneden,  I  think  it  advisable  to  adopt  Brandt's 
view  of  including  it  in  his  genus  Cetoiherium,  with  which  Hetero- 
cetus§,  Van  Beneden,  may  also  apparently  be  grouped.  The 
tympanic  is  readily  distinguished  from  that  of  Balcenoptera  by  its 
anteriorly  pointed  form,  the  triangular  shape  of  the  roughened 
inferior  sudace,  and  the  less  flattened  involucrum.  To  0.  Brialmonti 
(Van  Beneden)  I  refer  an  imperfect  axis-vertebra  from  the  Bed 
Crag,  in  the  British  Museum  (No.  46734) ;  while  the  smaller  C 
dubium  (Van  Beneden)  is  represented  by  two  imperfect  tympanies  in 
the  Museum  of  the  College  of  Surgeons  (Nos.  2852,  A  and  B)||,  and 
probably  by  some  periotics  in  the  British  Museum  («.  g.  No.  30261). 
Some  vertebrffl  in  the  latter  collection  probably  belong  either  to  this 
species  or  to  C.  Burtini  (Van  Beneden)  ;  while  others  which  belong 
either  to  the  latter  or  to  (7.  Hupsdhi  (Van  Beneden)  I  have 
provisionally  referred  to  the  last-named  species.  The  still  smaller 
C,  hrevifrons  (Van  Beneden  %)  is  represented  by  an  axis- vertebra 
in  the  British,  and  another  in  the  Ipswich  Museum,  while  it  is  not 

*  Syn.  B.  musculoideSy  Van  Beneden ;  the  reasons  for  adopting  the  former 
name  will  be  giyen  in  the  Cat.  Foss.  Mamm.  Brit.  Mus.  pt  t. 

t  The  form  of  the  inyolucrum  on  which  Owen  distinguished  this  second 
species  alters  with  age. 

X  Nos.  2822-2825.  Some  of  the  other  specimens  included  under  the  same 
head  are  distinct. 


§  This  is  really  not  more  than  a  MS.  name. 


These  numbers  do  not  appear  in  the  published  '  Catalogue^'  but  have  been 
entered  in  MS.  by  Dr.  Gburson  in  the  Museum  copy. 

^  Syn.  Heterocetua  hrevifrons.  The  type  specimens  are  not  figured,  and  I 
have  identified  the  English  examples  by  comparison  with  those  in  the  Brussels 
Museum. 
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improbable  that  a  small  tympanic  in  the  latter  collection  may  also 
belong  to  this  species.  A  tympanic  from  the  Red  Crag,  in  the  Mosenm 
of  Practical  Geology  (represented  by  a  cast  in  the  British  Mosenm), 
indicates  the  oocnrrence  of  Herpetocetus  scalcliensis,  Van  Beneden,  in 
this  country,  and  No.  2816  *  in  the  Museum  of  the  College  of  Sur- 
geons is  a  second  example.  The  tympanic  of  this  genus  (which  exhibits 
some  affinity  in  the  structure  of  the  mandible  with  the  Phyuteridm) 
is  readily  recognized  by  its  egg-Uke  shape,  the  small  and  sharply 
defined  inyolucmm,  and  the  fiUing-up  of  the  anterior  portion  of  the 
cavity  by  osseous  matter. 

Fhyteteridce, — In  the  Physeteridcd  the  periotict  (which,  as  in  the 
other  families  of  the  Odontoceti,  is  not  anchylosed  to  the  tympanic) 
articulates  anteriorly  by  a  smooth  facet  (o,  PL  II.  fig.  6)  with  the 
tympanic,  and  posteriorly  is  broad  and  has  a  distinct  median  longi- 
tudinal ridge  (6)  on  the  same  face  for  articulation  with  the  free 
border  of  the  latter  bone.  The  genus  Eucetug,  Du  Bus,  which 
appears  to  be  allied  in  dental  chantcters  to  PhyseUr^  is  represented 

Fig.  2. — ^Eucetus  amblyodon,  Da  Bus,  The  left  periotic  ;  from  the 
Red  Crag.  Two  thirds  nat.  size.  British  Museum  (No. 
27854).     Letters  as  in  Plate  II. 


in  nearly  all  Crag  collections  by  many  teeth,  which  belong  to  the 
type  species  E,  amblyodon ;  the  cement  is  of  great  thickness,  the 
dentine-core  fusiform,  and  the  osteodentine  nodular.  I  provisionally 
refer  to  this  species  t  a  large  left  periotic  in  the  British  Museum 
(woodcut,  fig.  2),  which  in  the  partial  production  of  its  posterior 
extremity  more  nearly  resembles  the  periotic  of  Hyperoodon  than 

*  Entered  in  the  Catalogue  under  the  head  of  Balana  definita. 

t  While  the  tympanic  is  the  most  characteristic  bone  in  the  BdUBnida,  the 
periotic  (which  is  more  commonly  preserTcd  in  the  fossil  condition)  is  the  one 
affording  the  best  generic  characters  in  the  Bkyseierida  and  Delphinida, 

X  On  account  oi  its  large  size  and  the  circumstance  that  teeth  of  Euceius  are 
much  commoner  than  those  of  BaUtnodon, 
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that  of  Physeter^  and  thus,  if  rightly  referred,  confirms  the  generic 
distinctness  of  the  present  form  from  the  latter.  The  small  Romo- 
eetus  ViUersi,  Bu  Bus,  is,  I  believe,  represented  by  a  tooth  from  the 
Red  Crag,  in  the  British  Museum  (No.  49966),  and  not  improbably 
by  other  teeth  in  the  Ipswich  Museum. 

I  now  come  to  the  genus  Balcenodon^  Owen,  which  was  founded 
upon  an  imperfect  tooth,  whose  affinities  have  given  rise  to  much 
discussion  *.  In  describing  the  type  specimen,  Owen  r^arded  it  as 
a  segment  of  a  complete  tooth,  and  described  the  central  axis  as 
dentine,  and  the  outer  coat  as  cement ;  but  a  comparison  with  teeth 
in  the  Brussels  Museum,  to  which  Du  Bus  applied  the  name  of 
ScaMiceius  Carreti,  has  shown  that  the  cement  has  entirely  dis- 
appeared, and  that  the  axis  is  really  the  ossified  pulp-cavity,  and 
the  outer  coat  the  dentine.  The  English  specimen  is  specifically 
identical  with  the  Belgian  ones,  and  the  name  Balamodon  must 
therefore  supersede  Scaldicetus.  The  complete  teeth  of  the  genus 
have  their  crowns  tipped  with  enamel.  Of  the  allied  but  smaller 
genus  Fhysodon  f,  Gervais,  there  are  teeth  in  the  British  Museum 
from  the  Bed  Crag  corresponding  to  those  of  P.  grandis  (Du  Bus), 
while  one  imperfect  tooth  (No.  44109)  may  not  improbably  beloug 
to  P.  fusiformis  (Du  Bus).  The  genus  Hoplocetus  comprehends 
other  Physeteroids  with  enamel-tipped  teeth,  which  are  characterized 
by  the  excessive  thickness  of  their  cement  and  the  presence  of  a 
constriction  at  the  base  of  the  crown.  Certain  worn  (and  pro- 
bably derived)  teeth  from  the  Red  Crag  in  the  British  Museum  and 
other  collections  appear  to  indicate  the  occurrence  of  the  Miocene 
H,  crassidens,  Gervais,  while  others  may  be  referred  to  the  Diestian 
R.  horgehoutengis^  Gervais,  and  others,  again  (more  doubtfully),  to 
R  curvidens  of  the  same  epoch. 

In  the  Ziphiine  subfamily  Rgperoodon  is  represented  by  a  very 
perfect  right  periotic  from  the  Red  Crag  in  the  Ipswich  Museum 
(PI.  II.  fig.  6).  This  specimen,  which  has  the  accessory  ossicle  (c)  still 
attached,  cannot  be  distinguished  from  the  corresponding  bone  of 
the  existing  R,  rostratus,  and  evidently  indicates  the  existence  either 
of  that  or  of  a  closely  allied  fonn  in  the  Pliocene ;  the  occurrence  of 
cervical  vertebrsB  of  a  member  of  this  genus  in  the  Antwerp  Crag  haB 
been  recorded  by  Prof.  Van  Beneden  J.  The  genus  Choneziphius^ 
which  appears  to  be  in  some  respects  intermediate  between  Ryper- 
oodon  and  Mesoplodorij  and  differs  from  the  latter  by  the  non- 
ossification  of  the  supravomerine  cartilage,  is  represented  by  the 
typical  C.  planirostris  (Cuv.).  The  so-called  Ziphiue  planus^  Owen, 
also  belongs  to  the  same  genus,  but  the  type  specimen  of  that  species 
is  not  sufficiently  perfect  to  determine  whetiier  CJumezipMusPackardi^ 
Lankester  (which  is  of  rather  later  date),  is  really  entitled  to  specific 
distinction.  I  refer  to  this  genus  a  left  perioti'*  (PI.  II.  fig.  7)  from 
the  Red  Crag,  preserved  in  the  Museum  of  Practical  Geology,  which 

*  Gerrais^  ide&tifidd  BdUBnodon  with  ffoplocetm,  while  Van  Beneden  and 
Lankeeter  thougnt  it  might  be  a  Sqmlodon. 
t  Syn.  PdLmodOphia,  Su  Bus. 
I  BiUL  Ac  E.  Belg.  s^r.  2,  toL  x.  p.  407  (1860). 
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is  intermediate  between  the  eoiresponding  bone  of  Hyperwdon  and 
that  of  Mesoplodon,  and  accords  well  in  relatLre  size  with  the 
present  genus.  This  bone  (in  which  the  accessory  ossicle  (c)  is  absent) 
is  nearer  to  that  of  Mesaplodon  than  to  Hyperoodon,  but  approaches 
the  latter  in  the  shortness  of  the  posterior  extremity,  the  large  size 
of  the  cavity  for  the  accessory  ossicle,  and  the  great  development  of 
the  longitudinal  ridge  (6)  on  the  tympanic  aspect  of  this  portion ; 
the  anterior  articular  facet  (a)  for  tiie  tympanic  is  also  less  concave 
than  in  Mesoplodon.  The  latter  genus  may  be  taken  to  include  both 
BdemtioziphiuB  of  Huxley  and  those  Crag  species  placed  by  Owen  in 
Ziphius  which  do  not  belong  to  CTioneziphius.  With  regard  to  species, 
the  identity  of  Owen's  Z.  medUineatus  with  Diophdon  Becani^ 
Gervais,  of  the  Antwerp  Crag,  has  been  shown  by  the  latter  writer ; 
and  as  my  own  observations  in  the  Brassels  Museum  fiQly  confirm 
the  view  expressed  by  Du  Bus  as  to  the  identity  of  the  latter  with 
Ziphius  longirostru,  Cuvier  (the  locality  of  the  type  specimens  of 
which  is  unknown),  I  think  we  can  have  no  hesitation  in  adopting 
the  name  of  Mesophdon  longiro^tris  for  this  species,  which  agrees 
in  size  with  the  existing  if.  australis.  A  left  periotic  (PL  11.  fig.  8) 
belonging  either  to  this  or  one  of  the  equal-sized  species,  is  preserved 
in  the  Jermyn-Street  Moseum,  and  is  almost  undiJBtinguishable  from 
the  corresponding  bone  of  M,  australis;  the  accessory  ossicle  on 
the  posterior  portion  of  the  tympanic  aspect  is  absent  in  the  fossil. 
The  characteristic  features  of  tiie  periotic  of  Mesoplodon  are  the 
production  and  pointed  extremity  of  the  posterior  portion,  the  com- 
paratively small  vertical  height  of  the  longitudinal  articular  ridge 
on  the  tympanic  aspect  of  the  same,  the  small  size  and  oval  shape 
of  the  accessory  ossicle,  and  the  deep  transverse  concavity  of  the 
anterior  articular  facet  for  the  tympanic.  The  other  described  Crag 
species  are  M.  tentdrostris  (Owen),  M,  gihhus  (Owen),  M.  awjugtus 
(Owen),  M.  arigulatus  (Owen),  and  M,  compressus  *  (Huxley) ;  and 
to  these  may  perhaps  be  added  a  form  of  which  there  is  a  rostrum 
in  the  Ipswich  Museum  to  which  the  MS.  name  of  M,  Floweri  has 
been  applied  by  Mr.  Canham  t* 

SquahdofUidcB, — ^The  Crag  Squahdon,  of  which  there  are  several 
molar  teeth  in  the  Ipswich  Museum,  may  in  all  probability,  as  Prof. 
Lankester  suggests,  be  identified  with  the  large  S.  antwerpiengis^ 
Van  Beneden. 

DdphifnidcB, — The  periotic  of  this  family  (PI.  II.  fig.  11)  is  distin- 
guished by  the  grooving  of  the  anterior  facet  (a)  for  articulation 
with  the  tympanic,  and  the  narrowness  of  the  posterior  tympanic 
surface,  on  which  the  ridge  for  articulation  with  the  free  border  of 
the  tympanic  is  ilf-defined  and  situated  dose  to  one  edge.  The 
occurrence  in  the  Bed  Crag  of  an  Orca  considerably  smaller  than 
the  existing  0.  gladiutor  is  indicated  by  a  right  periotic  (PI.  II.  fig.  9) 
in  the  Museum  of  Practical  Geology,  and  by  an  unworn  and  very 
perfect  tooth  (PI.  II.  fig.  10)  collected  by  Dr.  J.  E.  Taylor  and  preserved 

*  BelemnoHphius  compremti^  Huxley,  appears  identical  with  Ziphviu  cam* 
presmu,  Owen. 

t  See  Flower,  Cat.  Vert  Mub.  B.  ColL  Surg.  pt.  2,  p.  562,  No.  2915  (1884). 
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in  the  Ipswich  Musexun.  The  periotic  agrees  very  closelj  in  structure 
with  a  specimen  of  the  corresponding  bone  of  0.  gladiator  in  the 
Museum  of  the  College  of  Surgeons,  and  accords  in  relative  size  with 
the  t<ooth.  As  I  am  unable  to  distinguish  the  latter  from  the  teeth  of 
the  small  Orca  eitoniengis,  Capellini*,  from  the  Pliocene  of  Italy,  I  am 
disposed  to  refer  the  English  form  to  that  species.  The  next  form  for 
consideration  is  that  to  which  Prof.Lankester  f  applied  the  name  Lel^ 
jphinus  uncidens  (the  generic  term  being  used  in  tiie  linnean  sense), 
with  which  2>.  orcoides  of  the  same  author  may  be  united,  since  the 
larger  teeth  to  which  the  latter  name  was  applied  are  merely  the 
hinder  ones  of  the  same  species.  Some  confusion  occurs  in  the 
description  of  the  larger  teeth,  since  they  are  stated  to  agree  in 
size  with  those  of  Pseudorca  and  Orca  J,  whereas  they  really  corre- 
spond in  this  and  other  respects  with  those  of  Olohicephalus,  to  which 
genus  they  may  be  referred.  The  evidence  for  this  reference  does 
not,  however,  depend  solely  upon  the  teeth,  since  there  is  in  the 
British  Museum  a  very  beautiful  associated  left  periotic  and  tym- 
panic from  the  Coralline  Crag  (the  former  bone  being  represented  in 
PI.  II.  fig.  11),  which  agree  precisely  in  size  with  the  corresponding 
bones  of  O.  melas,  and  only  present  slight  structural  differences  of 
specific  value.  Boiled  periotics  and  tympanies  of  this  type  are  of 
extremely  common  occurrence  in  the  Bed  Crag,  an  example  of  the 
former  being  represented  in  pi.  viii.  figs.  2,  3  of  Prof.  I^nkester's 
memoir.  To  render  the  foregoing  evidence  absolutely  conclusive,  the 
British  Museum  possesses  a  lumbar  vertebra  (No.  28271)  from  the 
Bed  Crag  which  is  undistinguishable  from  the  corresponding  bone 
of  0.  mdas.  There  are  several  less  perfect  vertebrae  of  the  same 
type  in  the  latter  collection,  while  some  unnamed  vertebne  in  the 
Brusseb  Museum  apparently  indicate  the  occurrence  of  the  same 
species  in  the  Antwerp  Crag.  The  last  form  I  have  to  notice  is  one 
indicated  by  numerous  periotics  and  tympanies  in  the  British  Museum 
and  other  collections,  which  indicate  a  Dolphin  agreeing  in  size  with 
the  existing  Lagenorhynchus  acutus ;  I  have  not,  however,  been  able 
to  determine  the  genus  of  this  type,  which  may  include  more  than 
one  species,  and  may  be  identical  with  one  or  both  of  two  Belgian 
species  to  which  Prof.  Van  Beneden  haB  applied  the  name  of  J)el- 
phinus  Wasii  and  D.  Delannoyi  (the  generic  term  being  used  in  a 
wide  sense).  The  specimens  in  the  Brussels  Museum  do  not,  however, 
include  any  examples  of  the  periotic,  so  that  I  could  not  institute 
any  comparison  between  the  Belgian  and  the  English  specimens. 

I  may  conclude  this  paper  with  a  list  of  the  well- authenticated  § 
species  of  Cetacea  occurring  in  the  Bed  and  Coralline  Crag,  those 
species  of  which  the  identification  is  doubtful  being  indicated  by  a 
query, 

*  Mem.  Ac.  Sci.  Ist.  Bologna,  ser.  4,  vol.  iv.  p.  670  (1883). 
t  Ann.  &  Mag.  Nat.  Hist  ser.  3,  vol.  xiv.  p.  366  (1864). 
X  Mentioned  as  species  of  Ddpkinus  in  Prof.  LanJiester's  memoir. 
§  I  omit  a  few  forms  which  have  been  erroneously  recorded  from  the  Crag 
or  of  which  the  description  is  too  vague  to  admit  of  identification. 
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BALiBNID^. 

Bakena  affinis^  Owen. 

primigenia.  Van  Beneden. 

i7i9ignis  (Van  Beneden). 

hcdcenopsis  (Van  Beneden). 

Megaptera  affinis,  Van  Beneden. 

?  similis  (Van  Beneden). 

minuta  (Van  Beneden). 

Balomoptera  definita  (Owen). 

Oaropi,  Van  Beneden. 

borealina.  Van  Beneden. 

emarginata  (Owen). 

Cetoiherium  Brialmonti  (Van  Beneden). 

duhium  (Van  Beneden). 

?  Hupschi  (Van  Beneden). 

brevtfrons  (Van  Beneden). 

Herpetocetus  scaldiensis,  Van  Beneden. 

FHTSSIBRiniS. 

Eucetus  amblyodon^  Du  Bus. 
H<nnoeetu8  ViUersi^  Du  Bus. 
Balcmodon  physaloides,  Owen. 
Physodon  grandU  (Du  Bus). 

?  fu9iformi8  (Du  Bus). 

Hoplocetus  crassidens,  Gervais. 

borgehoiUenHsy  Gervais. 

?  mmc^^ns,  Gervais. 

Hyperoodon^  sp. 

Chomziphxus  planirostris  (Cuvier). 

planus  (Owen). 

Fackardiy  Lankester. 

Mesoplodon  longirostris  (Cuvier). 

tenuirostris  (Owen). 

gibbus  (Owen). 

angustus  (Owen). 

angulatus  (Owen). 

eompressus  (Huxley). 

Floweri^  Canham,  M8. 

Squalodontedjs. 
Squalodon  antwerpiensis^  Van  Beneden, 

DSLPHINIBiB. 

Orca  citoniensisy  Capellini. 
GflMcephalus  unddena  (Lankester). 
Delphinoid,  gen.  non  det. 
a  3.  G.  S.  No.  169.  0 
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EXPLANATION  OF  PLATE  IL 

Figs.  1,  la.  Bafana  primigmia,  Yan  Beneden,  var.  B.    The  imperfect  right 
tympanio ;  from  the  Bed  Crag.    Museum  of  Practical  Geology. 

2,  2a.  BaltBna  primigenia,  Yan  Ben^en,  Tar.  D.    The  iDiperfect  right 

tympanic ;  from  the  Bed  Orag.    British  Museum  (IVo.  43399). 

3,  3a.  BaUsnoptera  de/mita  (Owen).     The  imperfect  left  tympanic ;  from 

the  Bed  CrM[.     Ipswich  Museum. 

4,  4a.  Megaptera  afflnis  (Van  Beneden).    The  imperfect  immature  right 

^mpanic ;  from  the  Coralline  Crag.  Museum  of  Practical  Gtoology. 

5,  6a.  Megaptera  minuta  (Yan  Beneden).    The  imperfect  left  tympanio; 

from  the  Coralline  Crag.    Ipswich  Museum. 

6.  H^peroodon,  sp.    The  right  periotic;  from  the  Bed  Crag.    Ipswich 

Museum. 

7.  Chonejnphiitsplaniro8tri8{0tiv.).  The  left  periotic;  from  the  Bed  Crag. 

Museum  of  Practical  Gkology. 

8.  Metoplodon  (?  longirostris  [Cuv.]).    The  left  periotic ;  from  the  Bed 

Crag.    Museum  of  Practical  Geology. 

9.  Orca  citonietuis,  Capellini.    The  right  periotic ;  from  the  Bed  Crag. 

Museum  of  Practical  G^iogy. 

10.  Ditto.    A  tooth ;  from  the  Bed  Crag.    Ipswich  Museum. 

1 1.  GlobicephcUus  uncidens  (Lank.).    The  left  periotio ;  from  the  Coralline 

Crag.    British  Museum  (No.  3G657). 

Figs.  1,  2,  3,  one  half,  figs.  4,  5,  two  thirds,  figs.  6,  7,  8, 9,  10,  11,  nat.  size. 
All  the  tymjianies  are  yiewed  from  the  inner  and  inferior,  and  the  periotics  from 
the  tympanic  aspect  a,  anterior  articular  facet  for  tympanic ;  6,  posterior 
articular  ridge  tor  tympanic;  e,  accessory  ossicle,  or  hollow  for  the  same; 
d,  e,  f  mark  the  homology  of  the  ridges  and  hollows  in  the  different  bones ; 
o,  the  capsule  containing  the  semicirciUar  canals. 

DiscuBsioir. 

Mr.  Newton  regretted  the  absence  of  Prof.  Flower.  He  had 
tried  to  determine  some  of  the  specimens  himself,  and  recognized 
how  very  difficult  a  task  it  was.  He  complimented  Mr.  Lydekker 
on  his  work.  With  regard  to  the  fossil  Physeteroid  teeth,  he  was 
under  the  impression  tihat  there  was  more  cement  in  them  than  in 
recent  teeth. 

Mr.  Lydekkeb,  in  reply,  said  his  remark  as  to  the  ahsence  of 
cement  only  referred  to  the  type  specimen  of  Balamodon, 
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3.  Description  of  a  Jaw  of  HTOTmsRiirir,  from  the  Plioceke  of 
IiTDiA.  By  R.  Ltdbmer,  Esq.,  B.A.,  F.G.8.,  &c.  (Read  No- 
vember 3,  1886.) 

I  AM  again  indebted  to  Col.  J.  W.  Watson,  the  Political  Resident 
in  Kattiawar,  for  an  interesting  addition  to  our  knowledge  of  the 
Siwalik  fauna  of  Perim  Island,  on  the  western  coast  of  India.  The 
specimen  in  question  (which  Col.  Watson  has  presented  to  the  British 
Museum)  is  a  portion  of  the  left  maxilla,  with  the  three  true  molars, 
of  a  species  of  Hyoiheriumy  which  is  apparently  distinct  from  any 
named  form.  The  fragment,  of  which  an  oral  view  ia  given  in  the 
accompanpng  woodcut,  has  been  slightly  water-worn,  but  not  to 
such  an  extent  as  to  damage  it  materially ;  the  first  molar  has  the 
dentine  of  the  summits  of  the  columns  exposed  by  attrition,  while 
the  third  molar  is  scarcely  affected  by  subh  action.     The  teeth  carry 

Hyotherium  perimense.  Part  of  the  left  maxilla  ;  from  the 
Siwalike  of  Perim  Island,  (Nat.  size.)  ("British  Museum. 
No.  M.  3501.) 


m.  1.  IP.  2.  m.  3. 

the  usual  four  main  columns,  with  accessory  columns  on  the  inner 
side  of  the  median  longitudinal  cleft,  and  have  a  well-marked  and 
crenulated  cingulum  on  the  inner  and  fore-and-aft  surfaces.  The 
crowns  of  the  first  and  second  molars  are  squared  and  rather  broader 
than  long,  while  that  of  the  third  tooth  has  its  postero-intemal 
angle  produced  and  its  outer  border  sloping  towards  the  median  line. 
The  specimen  may  without  doubt  bo  referred  to  the  genus 
Hyotherium^  in  the  sense  in  which  (following  the  lead  of  the  late 
Prof.  Peters)  I  have  employed  that  term  in  the  *  Catalogue  of  the 
Fossil  Mammalia  in  the  British  Museum '  *,  and  we  may  accordingly 
proceed  to   compare  it  with  the  named  European  f  and  Asiatic 

»  Part  ii.  Dp.  253-258  (1886). 

t  A  pArtial  synonymy  of  the  more  important  European  speciefl  i§  given  in 
the  worK  died.  It  has  been  subeequently  stated  by  Dr.  Max  Schloaaer  that 
Ckatroj^amuB  steinAeimensis,  Fraas,  ia  the  same  aa  H.  Sammerinffi. 

C2 
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species  of  that  genos,  since  its  distinctness  from  the  American 
forms  may  be  taken  jfor  granted.  Before,  however,  making  this 
comparison,  it  is  necessary  to  observe  that  I  have  already  described 
and  figured*  a  fragment  of  the  mandible  of  a  Hyotheriwn  from 
Ferim  Island  f  containing  the  second  true  molar,  which,  from  the 
great  relative  width  of  the  tooth,  I  considered  might  probably 
indicate  a  new  species.  Since  the  tooth  of  that  specimen  agrees 
precisely  in  relative  size  with  the  corresponding  molar  of  the  jaw 
under  consideration,  it  may  be  safely  regarded  as  belonging  to  the 
same  species. 

With  regard  to  the  European  species  the  present  form  is  distin- 
guished from  H,  typum  t  (ranging  from  the  Quorcy  phosphorites  to 
tiie  Middle  Miocene  of  Georgensmiind)  not  only  by  its  superior  size 
but  by  the  production  of  the  postero-intemal  angle  of  the  third 
upper  true  molar.  Confining  these  comparisons  to  the  larger  species 
like  H,  Waterhousei  anii  H.  Scemmeringi,  it  will  be  found  that  the 
present  form  agrees  with  the  first-named  species  §  in  size,  but  is 
distinguished  by  the  relatively  wider  teeth,  the  presence  of  four 
distinct  columns  on  m.  3,  the  greater  development  of  the  accessory 
columns,  and  the  absence  of  an  inner  cingulum  to  the  upper  true 
molars.  With  regard  to  ff,  Soemmeringi  \\  the  upper  molfus  of  our 
specimen  are  rather  smaller  than  the  teeth  of  that  spedes  figured 
by  Peters  in  the  <  Denkschr.  k.  Ak.  Wiss.  Wien,'  vol.  xziz.  pi.  i.  fig.  1, 
but  are  otherwise  very  similar,  m.  3  of  the  Ferim  jaw  agreeing 
very  closely  with  the  specimen  represented  in  fig.  3  of  the  same 
plate.  The  upper  teeth  appear,  however,  rather  wider  than  those 
of  jET.  Soemmeringi,  and  the  lower  molar  is  decidedly  wider.  This 
difference,  coupled  with  the  improbability  of  a  species  which  died 
out  in  Europe  after  the  Middle  Miocene  being  identical  with  an 
Indian  Pliocene  form,  renders  it  probable  that  the  present  form 
is  distinct  from  I£.  Stemmeriiigi^  altiiough  it  is  certainly  allied. 

The  only  species  from  India  to  whid^  a  distinct  name  has  been 
assigned  is  H.  sindiense  %,  which  occurs  in  the  Lower  Siwaliks  of 
Sind.  The  typical  specimens  of  that  species  indicate  an  animal 
equal  in  size  to  the  largest  race  of  H.  Scemmeringiy  and  apparently 
so  closely  allied  that  it  is  very  difficult  to  find  any  distinctive 
characters  frx)m  the  cheek-teeth  on  which  the  species  is  founded. 
With  these  typical  specimens  are  found  other  teeth  in  regard  to 
which  it  is  uncertain  whether  they  belong  to  small  individuals  of 
the  same  or  to  a  distinct  species ;  the  associated  lower  teeth  (which 
may  belong  to  both  the  larger  and  smaller  forms)  are  of  a  much 
narrower   type  than  the  lower  molar  from  Ferim.     The  type 

*  '  PalttontologU  Indica '  (Mem.  G^l.  Sunr.  Ind.),  ser.  10,  vol.  iii.  p.  97, 
pi.  zii.  fig.  5. 

t  The  speoimen  was  reported  to  be  from  Perim  Island,  and  its  mineral  oon- 
dition  indicates  that  thie  is  certainly  correct. 

I  Syn.  H,  Mdsmeri, 

\  See  Filhol.  *  Ann.  ScL  QtioV  vol.  xi.  art  1,  pi.  ri.  (1880). 

g  Syn.  PaUBochotma  major,  Pomel. 

^  *  PaliBontologia  Indioa,'  op,  eU.  pp.  05-07,  pi.  xii. 
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mazOla  of  the  Smd  species  ('  Pal.  Ind/  op.  cit  pi.  zii.  fig.  6),  which 
oontains  the  last  two  molaiB  in  a  much  worn  condition,  belongs  to  a 
considerably  larger  animal  than  the  Perim  maxilla,  the  length  of 
the  two  teeth  of  the  former  being  1*45  against  1*29  in  the  latter ; 
the  talon  of  m.  3  in  the  former  is  also  broader  and  the  external 
dngolum  less  developed.  The  smaller  Sind  apper  teeth  agree  in 
sixe  with  those  of  the  Perim  jaw. 

If,  then,  we  agree  to  confine  the  name  H.  dndiense  to  the  larger 
^d  form,  it  would  appear  that  the  difference  in  size  would  be 
a  specific  character  in  Uie  case  of  the  Perim  form ;  while  if,  on  the 
other  hand,  we  extend  the  name  H.  sindiense  to  all  the  Sind  speci- 
mens, the  breadth  of  the  lower  teeth  would  likewise  point  to  the 
specific  distinctness  of  the  former. 

ProTisionally,  therefore,  regarding  the  Perim  specimens  as  distinct 
from  H,  Hndienge,  the  form  to  which  they  belong  may  be  named 
ff,  perimenss.  This  species  may  be  defined  as  equal  in  size  to 
ff.  Waterhauiei^  but  dutingnished  by  its  wider  molars,  in  which 
respect  it  approaches  H,  Sixmmeringi  and  H.  sindiense^  although 
differing  from  the  former  by  the  greater  width  of  the  lower  molars, 
and  from  the  latter  either  by  its  inferior  size,  or  by  its  wider  lower 
molars,  or  by  both  these  two  characters. 

Apart,  howeyer,  from  the  minor  question  of  specific  distinctness, 
the  occurrence  of  JByoiherium  in  the  Siwaliks  of  Perim  Island  in 
assooiatbn  with  highly  specialized  ruminants  like  BramatJiernim^ 
Qiraffa^  and  Antelopes  of  modem  African  types  is  of  very  considerable 
interest,  and  is  one  more  instance  of  that  remarkable  survival  in  the 
East  of  generic  forms  long  after  they  had  passed  away  from  Europe — 
a  circumstance  which  was,  I  believe,  first  brought  to  notice  by 
Dr.  Blanford.  In  Europe  the  genus  first  appeared  in  the  Quercy 
phosphorites,  was  exceedingly  abundant  in  the  freshwater  beds  of 
St.  Gerand-le-Puy,  and  apparently  disappeared  after  the  Middle 
Miocene  of  Sansan  and  Steinheim. 

In  India  it  was  apparently  abundant  in  the  Lower  Siwaliks  of 
Sind,  which  are  certainly  not  older  than  the  topmost  Miocene,  and 
persisted  into  the  Pliocene  of  Perim,  where,  however,  it  appears  to 
have  been  very  rare.  The  Siwaliks  of  Perim  appear  to  be  probably 
intermediate  in  age  between  the  Lower  Siwaliks  of  Sind  and  the 
typical  Upper  Siwaliks  of  the  Eastern  Himalaya,  since  while  they 
contain  several  older  forms  like  Dinoth&rium  and  Mastodon  pandi- 
onis  common  to  the  former,  they  also  contain  newer  types  not 
found  in  those  beds.  In  the  Perim  beds  ffyoiherium  and  Sua  are 
found  associated,  although  the  latter  is  very  common  and  the  former 
very  rare,  this  association  being  parallelled  by  the  occurrence  of 
Hipparion  and  EquuB  in  the  Eastern  Siwaliks. 

I  will  conclude  this  paper  with  a  few  remarks  on  the  affinities  of 
ffyoiherium.  In  the  first  place,  the  strongly-marked  brachyodontism 
of  the  genus,  the  simple  structure  of  the  molars,  and  the  circumstance 
that  Uie  last  true  molar  comes  into  use  at  a  period  when  the  first 
tooth  of  the  same  series  is  but  slightly  worn,  at  once  shows  the 
extremely  generalized  nature  of  the  genus.     In  structure  the  true 
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molars  are  intermediate  between  those  of  Chceropotamus  and  Sus  — 
those  species  in  which  the  molars  are  widest  and  there  is  no  talon 
to  m.  3  (ZT.  typum)  being  nearest  to  the  former,  while  those  in 
which  the  width  of  the  molars  is  less  and  the  talon  of  m.  8  well 
developed  {H.  Waterhousei)  oome  closer  to  the  latter.  In  certain 
examples  referred  by  Dr.  Filhol  {op,  cit.)  to  II.  typum  there  is  only 
one  external  column  to  pm.  4,  which  thus  shows  a  retention  of  a 
characteristic  of  Choeropotamus.  The  latter  writer  has  thought  that 
ffyotherium  should  not  be  regarded  as  the  direct  ancestor  either  of 
Sus  or  DieotyUs ;  but  from  the  character  of  its  dentition,  its  wide  dis- 
tribution, its  geological  horizon,  and  the  absence  of  any  other  known 
form  which  could  occupy  such  a  position,  I  have  long  had  great 
doubt  as  to  the  correctness  of  this  conclusion,  and  have  expressed 
myself  to  the  effect  that  the  genus  must  have  been  at  least  closely 
allied  to  such  ancestral  form ;  and  I  am  now  pleased  to  observe  that 
Dr.  Max  Schlosser  *,  of  Munich,  is  of  opinion  that  Hyotherium  really 
occupies  a  middle  position  between  the  modem  Stis  and  DieotyUs  and 
the  Upper  Eocene  (Oligocene)  ChoeropotamidaB,  in  the  sense  in  which 
the  latter  term  is  employed  by  Prof.  Flower  and  myself  t.  Starting 
from  that  family,  a  line  of  evolution  may  be  traced  in  one  direction 
from  the  type  genus  to  Anthracotherium,  Hyopotamus^  and  the 
tetracuspid  Selenodonts,  while  another  line  may  be  traced  through 
Cehochoerus  t^  Byotherium,  Hippohyus^  Dicotyles,  Sus,  and  Phaco- 
ehcerxis.  IHcotyles  has  attained  an  excessive  specialization  in  respect 
of  the  upper  premolars  (which  are  as  complex  as  the  true  molars), 
while  in  Sus  the  specialization  has  been  more  confined  to  the  true 
molars ;  and  it  is  noteworthy  that  in  the  specialization  of  the  cheek- 
dentition  of  the  higher  species  of  the  latter  genus,  while  the  premolars 
and  first  and  second  true  molars  only  gain  a  moderate  increase  in 
height  and  complexity,  the  last  true  molar  becomes  enormously 
developed  posteriorly,  and  does  not  come  into  use  until  the  first  true 
molar  is  almost  worn  away.  This  line  of  specialization  culminates 
in  Phacocharus,  where  all  the  anterior  cheek-teeth  may  disappear  in 
the  adult,  and  to  a  certain  extent  is  analogous  to  the  peculiar 
dental  development  characteristic  of  the  Froboscidea.  Those  species 
of  8us  which  present  the  greatest  specialization  in  this  respect 
occur  in  the  later  Tertiaries  of  India  and  North  Africa,  the  common 
living  species  (S.  cristatus)  of  the  former  country  being  probably  a 
descendant  of  the  group  which  has  lost  the  extreme  dental  develop- 
ment characteristic  of  the  Pliocene  species  {S,  Falconeri)  $.  As 
examples  of  species  retaining  a  primitive  type  of  dentition,  may  be 
mentioned  Sus  andamanensis  of  the  Andamans,  Sus  barbatus  of 
Borneo,  and  the  River-hogs  (Potamochoerus)  of  Africa.  At  least  in 
the  case  of  the  first-mentioned  species  the  retention  of  a  generalized 
character  may  be  attributed  to  the  absence  of  competition. 

*  Morphol.  Jahrbuch,  vol.  xii.  pp.  89-92  (1886). 

t  Dr.  Max  Schlosser  prefers  to  place  Cehochotrus  in  the  Suidae,  and  to  merge 
Choeropotamus  in  the  Anthracotberiidie. 

X  For  the  relations  of  these  species  see  '  PalsBontologica  Indica/  ser.  10, 
vol.  i7.  pt  2  (1886). 
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DISCU88IOK. 

Dr.  Blaktobd  described  the  Island  of  Ferim  and  the  mode  of 
occnrrence  of  the  fossils,  and  showed  that  the  age  of  the  beds  was 
bnt  roughly  indicated  by  their  relations  to  those  on  the  mainland, 
and  was  better  determined,  as  had  been  done  by  Mr.  Lydekker,  by 
the  affinities  of  the  fossils  with  those  in  the  Sind  beds,  the  age  of 
which  was  accurately  demonstrated  by  marine  fossils. 
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4.  On  a  NSW  Genits  o/Hadbepobarta  (GLTPHASTRiEA),  with  Remabxb 
on  the  Morphology  o/Gltphabtr-ba  Fobbbbi,  Ed,  Sf  H.^from  the 
Tertiarieb  of  Maryland,  U.  S.  By  Prof.  P.  Mabtin  Dttncan, 
M.B.,  F.R.S.,  F.G.S.,  &c.    (Read  December  1,  1886.) 

[Plate  HI.] 

Many  years  since,  the  late  Dr.  S.  P.  Woodward  drew  my  attention 
to  some  very  fine  spedmenB  of  Septastrcea  Forhesi,  Ed.  &  H.,  in  the 
Britisli  Mnsenm,  and  lately  a  well-preserved  specimen  has  been 
sent  to  me  from  the  Philosophical  Institution  at  Scarborough. 
There  has  always  been  a  doubt  in  my  mind  regarding  the  classifi- 
catory  position  of  this  large  branching  Tertiary  species,  and  the 
examination  of  the  specimen  lately  sent  confirms  the  impression 
that  the  species  differs  so  much  from  the  Mesozoic  Sepiastrcece  that 
it  cannot  remain  in  the  same  genus,  although  it  must  still  be  placed 
in  the  Goniastrasoid  alliance. 

The  species  mentioned  in  the  'BUstoire  Naturelle  des  Coral- 
liaires'  by  Milne-Edwards  and  Jules  Haime,  described  by  M.  de 
Fromentel  in  his  '  Introduction  h  Tetude  des  Polypiers,'  and  pub- 
lished by  myself  in  the  ^'  Monograph  of  the  British  Fossil  Corals  " 
(Pal.  Soc.  Lend.),  with  one  exception,  have  the  axial  space  nearly 
or  quite  open,  and  the  columella  is  either  absent  or  very  rudimentary. 
But  the  species  named  after  the  late  E.  Forbes  *,  I  find,  has  the 
axial  space  completely  closed,  either  by  united  septal  ends  with 
some  additional  tissue,  or  by  a  columella,  which,  by  uniting  with  a 
number  of  septal  ends  and  being  increased  in  bulk  by  a  remarkable 
dissepimental  tissue,  forms  a  very  projecting  central  mass  in  perfect 
and  full-grown  calioes. 

The  genus  Septastrcea  originated  with  d'Orbigny  in  1849,  and 
the  diagnosis  he  gave  was  partly  reproduced  by  Milne-Edwards 
and  Jules  Haime  in  1857 1.  llie  species  described  in  the  first 
instance  were  from  the  Eocene  and  Miocene  of  France  and  the 
supposed  Miocene  of  Maryland.  A  columella  is  not  noticed  in  the 
descriptions  of  any  of  these  types,  and  it  is  said,  in  the  generic 
diagnosis,  to  be  so  definitely  absent  that  the  want  clearly  distin- 
guishes Septastra^a  from  Qoniastrcea,  Ed.  &  H. 

The  following  was  the  diagnosis  published  by  Milne-Edwards 
and  Jules  Haime  from  d'Orbigny : — "  The  corallum  is  either  in  the 
shape  of  a  convex  mass  or  is  subdendroid.  The  caKces  are  poly- 
gonal, and  their  margins  are  united  to  those  of  the  neighbouring 
calicos  and  ordinarily  show  an  extremely  delicate  line  of  separation. 
The  septa  are  large  and  appear  to  be  formed  of  perfect  laminae, 
and  the  endothecal  dissepiments  are  well  developed.  Columella 
and  paU  wanting.     Multiplication  by  fissiparity." 

.  *  M.-Ed.  &  J.  H.  Ann.  des  Sci.  Nat.  3«  eer.  t.  xii.  p.  164  (1850),  and  Hist. 
Nat.  des  Corall.  toI.  ii.  p.  450.  The  fostdle  described  were  said  to  be  in  the  collec- 
tion of  the  Geological  Surrey  of  Englnud  and  in  the  Bonn  Museum. 

t  Hist.  Nat  des  Corall.  vol.  ii.  p.  449. 
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The  genus  was  placed  by  H.-Edward8  and  J.  Haime  in  the  family 
Astneidffi,  and  in  a  group  in  which  growth  took  place  by  means  of 


llie  Meeozoic  species  described  by  M.  de  Eromentel  and  by  myself 
enter  the  genus  thus  diagnosed,  and  the  only  important  mo^cation 
which  I  made  in  revising  the  genus  was  to  introduce  the  necessary 
statement  that  increase  took  place  by  gemmation  as  well  aa  by 
fissiparous  division  of  the  coralHtes*.  But  the  genus  was  included 
by  me  in  an  alliance,  the  Goniastrseoid,  of  several  genera,  which  is 
characterized  by  the  forms  having  the  corallites  united  by  their 
walls  more  or  less  completely,  and  without  coenenchyma  serial 
growth  not  occurring. 

A  very  perfect  siliceous  specimen  of  the  Maryland  species  gave  the 
following  characters : — 

The  specimen  is  generally  perfect  in  its  details  and  once  formed  a 
portion  of  a  very  laige  branching  colony  and  was  undoubtedly  a  reef- 
builder.  The  fracture  across  the  stem  resembles  those  which  occur 
in  large  specimens  of  the  genus  Madrepora  at  the  present  day 
during  violent  storms.  The  outside  of  the  coral  is  covered  wit^ 
calices  in  a  very  perfect  condition,  and  the  delicate  granular  orna- 
mentation of  the  septa  and  of  the  top  of  a  dome  of  endotheca  which 
fills  up  the  axis  and  caUcular  fossa  is  still  to  be  seen.  An  excellent 
natural  section  of  the  corallites  in  the  axis  of  the  stem  has  been  the 
result  of  fracture.  The  section  shows  that  the  axial  or  parent 
corallites  have  undergone  some  diminution  in  the  bulk  of  their  walls 
and  septa,  and  probably  this  happened  during  life,  for  corresponding 
absorption  is  seen  in  many  recent  forms.  On  comparing  the  super- 
ficial calices  with  the  sections  of  their  parent  axial  corallites,  very 
considerable  differences  will  be  noticed,  and  it  is  evident,  after 
careful  examination  of  this  specimen,  that  had  the  section  alone  been 
present,  the  description  of  the  details  presented  by  it  would  not 
have  enabled  any  palaeontologist  to  give  an  accurate  diagnosis  of  the 
species.  On  the  other  hand,  were  tihe  structures  seen  on  examining 
the  superficial  calices  to  be  entirely  relied  on,  mistakes  regarding 
the  nature  of  the  endothecal  structures  and  of  the  dimensions  of  the 
columella  might  have  been  recorded. 

The  lower  endothecal  dissepiments  are  rather  stout  and  horizontal, 
and  are  well  seen  in  the  axial  corallites ;  and  the  upper,  which  are 
numerous  and  dose  near  the  calices,  form  perfect  oblique  or  domed 
floon  between  the  septa,  so  as  to  shut  out  the  interseptal  loculi 
beneath  them  from  the  surface.  These  uppermost  dissepiments  come 
up  to  about  the  same  level  at  the  bottom  of  the  calice,  and  reach 
up  to  within  a  fractional  part  of  a  millimetre  from  the  free  edges 
of  the  septa  and  columella  (PL  lU.  fig.  7).  Hence  the  septa  seem 
to  rest  upon  the  upper  combined  dissepiments  and  to  resemble  fine 
linear  growths ;  two  long  ones  are  often,  but  not  invariably,  con- 
tinuous with  the  columella  and  reach  across  the  calice,  apparently^ 
but  not  truly,  as  one  long  septum.    The  study  of  the  section  of  a 

*  "  Beruion  of  the  Families  and  Gknera  of  Madreporaria,"  Joum.  Linn.  Soa, 
ZooL  VOL  xviii  1884,  p.  103. 
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stem  ezplains  these  appearances,  and  it  is  seen  that  the  septa  are 
really  high  near  the  axis,  and  narrow,  and  that  although  some 
unite  with  others  at  the  axial  space  of  a  corallite,  there  are 
generally  traces,  and  usually  very  definite  proofs,  of  the  presence  of 
a  trahecular  and  non-essential  columella,  it  often  being  reduced  to 
a  mere  lamina  which  is  in  the  path  of  two  opposed  large  primaries. 
The  stractures  at  the  bottom  of  the  calices  resemble  a  solid  mass, 
and  might  be  taken  to  be  very  large  columellse  not  very  unlike  those 
seen  in  some  rugose  corals  such  as  Clisiophyllum  and  Lonsdalia  ;  but 
the  true  conception  of  the  structures  may  be  obtained  by  studying 
the  section  of  the  st'Cm  and  some  of  the  newer  calices  at  the  tops 
of  the  ramuscules  of  the  upper  part  of  the  colony.  The  theca 
or  wall  of  one  corallite  is  in  contact  with  those  of  its  neighbours  ; 
but  fusion  only  occurred  here  and  there,  and,  indeed,  in  one  place 
thero  are  traces  of  very  slightly  projecting  costaB  to  be  seen  running 
down  the  outer  part  of  the  walls.  The  union  is  so  decided  that 
the  corallites  are,  and  always  were,  inseparable,  and  the  position  of 
junction  is  traced  by  broken  lines  in  the  natural  transverse  section 
of  the  axial  corallites  and  by  the  geometrical  grooves  at  the  surface 
of  the  colony. 

Gemmation  is  seen  on  the  united  walls  of  corallites,  and  the  buds 
have  six  septa  ;  it  is  also  observed,  in  the  natural  transverse  section 
produced  by  the  fracture  of  the  stem  (fig.  2,  d),  on  the  surface  of  the 
colony  amongst  the  largest  calices  and  also  amongst  the  more  rapidly 
grown  calices  at  the  extremity  of  the  stunted  branches.  Fissiparity 
is  exceptional,  but  occurs. 

The  crossing  of  the  calices,  so  generally  but  not  universally,  by 
what  appears  to  be  a  long  thin  septum,  which  consists  of  two 
opposite  primaries  united  at  the  axis,  with  or  without  a  columella, 
is  very  striking  in  appearance,  and  it  is  difficult  to  understand  how 
it  or  the  fiUing-up  of  the  axial  spaces  could  have  escaped  the 
notice  of  Milne-Edwards  and  Jules  Haime ;  for  the  structures  are 
perfectly  evident  in  their  t}'pe,  which  is  now  in  the  British  Museum. 
The  granulation  of  the  edges  of  the  septa  and  columella  and  even 
of  the  top  of  the  dissepiments  is  most  distinct  and  is  as  characteristic 
as  the  linear  grooves  which  separate,  in  such  a  geometrical  manner, 
adjacent  calices. 

The  colonies  of  this  species  attained  a  considerable  size,  and  their 
shape  was  very  variable.  The  type  of  Milne-Edwards  and  Jules 
Haime,  now  in  the  national  collection  in  the  British  Museum,  is  as 
large  as  a  man's  hand  and  wrist,  has  a  more  or  less  cylindrical 
lower  stem,  which  enlarges  upwards,  and  is,  as  it  were,  compressed, 
the  surface  being  irregularly  swollen  in  places  and  smooth  else- 
where. There  are  terminal,  subramose,  blunt-ended  branchlets,  and 
gibbosities  resembling  nascent  branches.  In  another  colony  the 
shape  is  nearly  cylindrical,  and  there  are  ill-defined  gibbous  swellings 
on  it ;  the  size  is  less  than  that  of  the  other.  A  third  specimen  in 
the  British  Museum  is  a  part  of  a  very  large  colony  which  has  lost 
its  branchlets  and  much  of  its  main  mass.  The  shape  is  like  that  of 
a  thick  slice  of  bread,  tall,  narrow,  and  wide.  Two  of  the  surfaces 
are  large  and  broad  and  nearly  flat,  and  a  third  or  edge-surface 
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is  long  and  narrow,  and  marked  by  the  roots  of  several  brancMeto 
which  have  been  fractured  from  the  main  mass,  their  axial  corallites 
being  seen  in  transverse  section.  The  height  is  140  millim. ;  the 
breadth  is  rather  greater  than  the  height ;  and  the  thickness  is  from 
34  to  52  millim. 

In  Milne-Edwards  and  Jules  Haime's  rendering  of  d'Orbigny's 
generic  definition  of  Septcutrasa  the  words  *'  multiplication  by  fissi- 
parity  ?  "  occur.  The  note  of  interrogation  is  not  repeated  in  their 
own  description  of  the  genus  in  the  'Histoire  Naturelle  des 
CoraUiaires.'  Fissiparity  occurs  evidently  enough  in  the  Mesozoio 
species  without  a  columella  and  with  an  open  axial  space.  It  is  a 
fact,  however,  that  there  is  not  a  single  instance  of  progressing 
fission  in  any  calice  of  the  type  described  by  the  French  authors, 
which  is  in  the  British  Museum.  There  are  no  calicos  with  a  figure- 
of-eight  shape,  and  in  none  are  there  small  and  new  septa  starting 
from  the  sides  of  the  long  septum-like  structure  which  crosses  the 
perfect  and  full-grown  calices.  It  is  quite  a  mistake  to  state  that 
this  striking  feature  has  to  do  with  fissiparity.  In  the  specimen 
belonging  to  the  Scarborough  Philosophical  Society's  Museum  there 
is  some  crowding  of  the  calices  at  the  base  of  one  of  the  branchlets, 
and  the  intercorallite  walls  there  are  thin ;  there  is  no  superficial 
groove,  and  the  appearance  of  the  septa  resembles  that  of  some 
recent  types  which  are  undergoing  fissiparity  and  in  which  the 
division  is  accompanied  by  very  rapid  growth  (PI.  III.  fig.  3). 
But  it  is  nevertheless  true  that  these  appearances  may  be  the  result 
of  irregular  coraIlit«-growth  under  the  influence  of  pressure  from 
crowding. 

The  instances  of  fissiparity  are  exceptional;  but  the  process 
existed,  for  there  is  a  fair  example  in  the  fractured  surface-  of  the 
stem  of  the  specimen  first  examined  (fig.  2),  but  not  in  Milne- 
Edwards's  type ;  and  there  is  a  very  remarkable  and  suggestive  in- 
stance in  the  smallest  of  the  specimens  in  the  British  Museum  (figs.  4 
and  4').  A  section  was  cut  at  a  slight  depth,  parallel  with  the  sur^ce, 
so  that  sections  of  corallites  were  made  at  a  little  distance  from  the 
calices  above.  It  was  evident,  on  counting  the  calices  and  the 
sectioned  corallites,  that  the  former  were  more  numerous  than  the 
others,  and  the  reason  was  because  one  of  the  sectioned  corallites 
was  divided  by  fission  (fig.  4).  The  commencement  of  the  process 
can  be  traced,  and  a  nipping-in  is  to  be  seen  with  considerable  con- 
fusion of  the  septa.  The  long  lamina  crosses  the  corallite  at  right 
angles  to  the  commencing  fission,  and  that  is  not  what  would  have 
been  seen  had  it  been  a  factor  in  the  process.  On  examining  the 
free  surface  of  the  colony  corresponding  to  the  sectioned  corallite, 
two  calices  are  noted  which  have  an  incomplete  wall  between  them  ; 
moreover  a  septum  will  be  observed  passing  from  one  calice  to  the 
other  (fig.  4').  These  calices  are  separated  from  their  neighbours 
by  well-developed  walls.  It  appears  that  the  growth  of  the 
dividing  corallite  was  rapid. 

The  number  of  the  calices  with  the  long  lamina  (that  is  to  say, 
perfect  calices)  varies  in  different  parts  of  the  colony ;  and  if  square 
patches  are  separated  and  the  number  of  calices  of  aR  kinds  on  them 
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be  counted,  it  will  be  found  that  in  some  with  55  calices  36  have 
the  long  lamina  and  10  have  an  indistinct  septal  arrangement,  while 
the  rest  have  no  long  structure  crossing  the  calicular  fossa.  In  a 
patch  with  75  calioes  of  many  shapes  and  sizes  there  are  55  with 
the  elongate  structure.  The  orientation  of  the  lamina  differs  even 
in  neighbouring  calicos. 

The  septa  are  bilamellar,  and  the  evidence  of  a  very  irregular  and 
narrow  interlameUar  space  is  apparent,  sometimes  superficially,  and 
invariably  in  microscopic  sections  of  coralUtes  near  the  calicos. 

A  perfect,  full-grown  calico  has  the  two  opposite  primary  septa 
united  at  the  axis  by  means  of  a  narrow  discontinuous  colum^a, 
which  is  ornamented  in  the  same  manner  as  the  septa,  but  which,  in 
some  instances,  has  a  raised  edge  (figs.  3,  6,  9,  and  10),  or  they 
may  unite  by  their  inner  ends  and  close  partly  the  axial  space  with  or 
without  the  assistance  of  thickening  or  of  any  extra  growth  (figs.  12, 
13,  and  14).  In  buds  the  columeUa  may  be  distinct,  and  there  are 
the  usual  six  primaries  (fig.  2,  d).  In  large  immature  calioes  the 
six  primary  septa  may  converge  and  unite  with  a  small  columella  or, 
what  appears  to  be  the  more  common  case,  they  do  not  unite.  The 
ends  elongate  or  twist  (fig.  16)  and,  with  the  dissepimental  tissue, 
dose  the  axial  space.  It  is  this  closure,  either  by  a  columella 
which  sections  prove  to  be  occasionally  discontinuous  and  always 
non-essential  in  its  method  of  growth,  or  by  united  septal  ends, 
or  by  twisting  and  elongation  of  the  septal  ends,  assisted  by  the 
tabula-like  upper  dissepimental  structures,  that  forms  the  main 
distinction  between  the  new  genus  and  SepUutraa. 

The  endotheca  is  variable  in  amount,  and  whilst  it  is  dose  and 
thin  in  some  coraUites,  or  parts  of  oorallites,  it  is  distant  and  stout 
in  others.  In  some  cases  the  horizontal  stout  platforms  are  fairly 
regular ;  but,  as  a  rule,  although  the  dissepiments  completdy  dose 
the  interseptal  loculi  and  act  as  tabulsa,  they  lack  the  regularity  of 
those  endothecal  structures.  Thin  dissepiments  often  dose  the 
whole  of  the  interseptal  loculi  at  indefinitely  placed  intervals  in  the 
height  of  the  coraUites,  and  as  completdy  as  any  tabulffi  (fig.  6).  The 
uppermost  dissepiments  are  those  which  close  in  the  calicular  fossa 
and  reach  up  dose  \jo  the  &ee  edge  of  the  septa.  There  are  no  deep 
interseptal  spaces  in  the  form,  and  the  dissepiments  moreover  come 
dose  to  the  top  of  the  axis,  and,  by  joining  with  the  septal  ends  and 
the  intermediate  structure  (when  it  exists),  help  to  close  the  axial 
space  and  to  form  a  columella.  The  upper  surface  of  the  dissepi- 
ments at  the  bottom  of  the  calicos  is  ornamented  with  sparsdy 
placed  granules,  and  this  very  exceptional  ornamentation  is  not  seen 
on  the  lower  dissepiments,  having  been  absorbed  during  growth. 
The  dissepiments  are  often  very  close  near  to  the  calicos,  and  the 
visible  one  at  the  bottom  of  the  fossa  is  close  above  several  others, 
which  seem  to  have  followed  the  same  lines  of  curvature.  It  is  this 
festooning  of  the  dissepiments  which,  when  seen  in  a  vertical  section 
of  the  colony,  adds  to  the  old-fashioned  appearance  of  the  more 
or  less  tumid  mass  at  the  base  of  the  calicular  fossa  (figs.  7  and  8). 
Probably  it  was  the  very  tabulate  appearance  of  the  endotheca  of 
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the  fossil  which  Lonsdale  examined  that  induced  him  to  name  it 
Golumnaria,  and  the  intercalicnlar  groove  doubtless  intensified  the 
importance  of  the  internal  arrangement  in  his  mind.  Stjptastrcea 
has  no  snch  dissepimental  structures. 

The  necessity  of  introducing  a  new  genus  is  obvious,  for  the  presence 
of  the  structures  closing  the  axial  space/  and  the  characters  of  the 
dissepiments  near  and  at  the  bottom  of  the  calico,  are  of  great  phy- 
siological importance.  In  SepUutrasa  proper  the  mesenteries  would 
have  had  abundance  of  support  on  the  sides  of  the  septa,  and  the 
visceral  cavity  would  have  been  prolonged  into  the  axial  space ;  but 
in  the  form  under  consideration  there  is  barely  any  room  for  inter- 
septal  structures,  and  the  nodule  in  the  axial  space  would  limit  the 
downward  extension  of  the  visceral  cavity.  It  is  very  interesting  to 
notice  a  columellar  structure  in  this  Tertiary  reef-builder  which  is 
somewhat  similar  to  the  axial  arrangement  in  LonadaMa  and  Clisio- 
phyUum,  But  the  laminate  columelbd  of  those  Paleozoic  forms  are 
essential  and  largely  developed,  and  those  of  the  new  form  are 
oomparatively  insignificant;  but  there  is  the  same  crowding  of 
dissepiments  close  to  the  axial  space  and  the  same  apparent  extension 
of  a  long  primary  septum. 

The  following  is  the  diagnosis  of  the  new  genus : — 


Section  MADBJEPOKARIA  APOEOSA. 

Family  AsiSiEiDiB;  alliance  Qoniastrasoida. 

Genus  GLTPHAsiBiBA,  gen.  nov. 

Crolony  lai^,  subramose;  corallites  prismatic,  more  or  less 
perfectly  united  by  their  walls  and  having  a  discontinuous  line  of 
separation  between  them;  calices  polygonal  and  shallow,  having 
polygonal  linear  grooves  between  them,  and  the  axial  space  closed ; 
septa  unequal,  minutely  serrate  or  granulate  at  the  free  edge,  some 
narrow  within  and  long;  columella  small,  parietal,  lamellar,  or 
libbon-shaped,  uniting  opposite  primaries,  or  several  septa  sometimes 
absent,  and  then  primary  septa  unite  at  the  axial  space ;  endotheca 
well  developed,  often  simulating  tabulae;  dissepiments  near  the 
calioe  extending  upwards  close  to  the  free  edges  of  the  septa  and 
columella,  closing  the  interseptal  loculi  and  forming  with  the  septa 
and  columella  a  dome-shaped  mass  which  projects  and  fills  up  the 
bottom  of  the  calicular  fossa ;  pali  absent ;  increased  by  gemmation 
from  the  walls  between  the  calices,  and  rarely  by  fissiparity. 

GLTVHABZBJfiA.  FoBBESi,  £d.  &  H.,  sp. ;  amended. 

Colony  lai^e,  with  a  stout  stem  terminating  in  gibbous  prominences, 
resemblmg  aborted  brandhlets ;  calices  numerous,  crowded,  irregular 
in  size  and  shape,  hexagonal,  pentagonal,  and  even  square  in  outline, 
shallow,  with  broad  fiattish  margins  separated  by  straight  linear 
shallow  grooves,  which  form  polygonal  idiapes  around  each  calico ; 
septa  broad  at  the  margin,  reaching  the  linear  groove,  subequal  at 
the  wall  and  granular  there.     There  are  three  perfect  cycles  of  septa 
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and,  rarely,  some  members  of  a  fourth.  In  the  first  instance  the 
primaries  and  secondaries  reach  the  axis,  and  the  tertiaries  do  not 
project  much  from  the  wall.  Commonly,  in  full-grown  calices, 
two  long  slender  opposite  primaries  unite  with  the  columella  so  as  to 
cross  the  calice,  having  the  appearance  of  one  very  long  septum; 
in  other  calicos  the  columella  unites  several  septal  ends,  and  the 
appearance  just  noticed  does  not  occur ;  or  opposite  primaries  may 
unite  without  a  columella.  The  inner  parts  of  the  septa  are  slender, 
often  wavy,  and  their  granular  free  part  is  very  low,  on  account  of 
the  occurrence  of  dissepiment's ;  upper  dissepiments  free  and  gra- 
nular, uniting  with  the  septa  and  columella  to  form  a  convex  mass  at 
the  bottom  of  the  calice. 

Fissiparity  rare,  and  when  gemmation  occurs  the  buds  have  six 
primaries ;  height  many  inches ;  breadth  of  the  stem  2S  to  32  or 
more  millim. ;  breadth  of  calicos  from  1*5  to  6  millim. ;  depth  1'5 
to  3  millim. 

Locality,     Maryland  Tertiary  deposits. 

The  only  notice  which  I  can  find  in  any  American  publication  of 
Septaatraa  Forbesi^  Ed.  &  H.,  now  Glyphastrcea  Forbesiy  Ed.  &  H., 
sp.,  is  in  the  "  Check-list  of  the  Invertebrate  Possils  of  North 
America,"  by  Meek,  Smithsonian  Miscellaneous  Coll.  vol.  viii.  1884, 
"  Tert.  Syst.  Miotene  Epoch."  But  there  is  nothing  more  than  the 
name  and  the  locality  of  Maryland  mentioned.  The  form  does  not 
appear  to  have  been  "figured  anywhere. 

LyeU  was  the  first  geologist  who  introduced  the  corals  of  Virginia 
and  Maryland  to  the  notice  of  science,  and  Lonsdale  studied  the 
forms.  Lyell's  communication  is  in  the  fourth  volume  of  the  Pro- 
ceedings of  this  Society,  p.  547  (1845),  and  Quart.  Journ.  Geol.  Soc. 
vol.  i.  1845,  p.  413.  Amongst  other  corals  Lyell  collected  from 
Virginia  a  compound,  ramose,  cylindrical,  lobed  or  massive  and 
expanded  species,  which  Lonsdale,  in  a  paper  in  the  same  volume 
(p.  497),  described  as  Columnaria  (?)  se.vradiata.  He  figured  the 
form  and  gave  a  magnified  view  of  a  calice. 

I  do  not  think  that  Edwards  and  Haime  had  the  opportunity  of 
studying  Lonsdale's  type,  otherwise  they  would  not  have  placed  it  in 
such  a  remote  genus  as  Astrangia,  It  appears,  after  studying 
Lonsdale's  careful  description,  that  Meek  is  correct  in  placing  the  so- 
called  Columnaria  in  the  genus  Septastr(fa^  as  understood  by  Milne- 
Edwards  and  his  school,  although  Iionsdalo  stated  that  he  could  not 
find  proofs  of  fissiparity  on  the  surface  of  the  corallum.  The  mag- 
nified view  of  the  calice  given  by  Lonsdale  shows  a  small  columdla 
and  the  stout  parts  of  the  primary  and  secondary  septa  near  the 
margin  ;  moreover  he  figures  and  mentions  a  groove  which  bounds 
the  calices ;  but  there  is  union  shown  between  some  of  the  tertiary 
septa  and  the  secondaries  which  does  not  occur  in  the  calices  of  the 
other  species.  Moreover  the  open  condition  of  the  interseptal 
spaces  of  the  immature  calices  of  Lonsdale's  species  is  not  seen  in 
O,  Forhesi;  nevertheless  the  alliance  of  the  species  is  very  close. 
It  appears  to  me  that  Lonsdale's  species  must  stand  as  OlypJuzstrcea 
sexradiata^  Lonsd.,  sp.    The  type  of  Lonsdale's  species  is  not  in  the 
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coUection  of  the  Geological  Society.  There  is,  however,  a  much 
weathered  specimen  of  JSeptastrasa  Forhesi^  Ed.  &  "K.fSs  Git/ pkasircMi 
I^rbesiy  with  the  name  of  Dr.  Koch  upon  the  tahlet  as  that  of  the 
collector.  The  specimen  is  a  very  instructive  one,  and  it  shows  how 
weathering  mpy  destroy  all  those  structures  which  characterize  a 
species.  There  is  only  one  calice  in  the  rather  large  colony  which 
indicates  that  there  was  once  a  small  columella,  and  the  intercalicular 
groove  is  almost  destroyed  in  every  part  of  the  coral.  The  edges  of 
the  neighhouring  corallites  are  often  sharp  from  removal  of  the  inside 
of  the  calices.  The  study  of  this  specimen  proves  how  thoroughly 
palaeontoli^ists  may  be  deceived  by  describing  indifferent  specimens. 

EXPLANATION  OF  PLATE  III. 

Fig.  1.  The  colony  of  Glyphastr^a  Forbegij  in  outline ;  nat  size. 

2.  Part  of  the  fractured  stem,  magnified,     a,  coralUte  undergoing  flssi- 

parity ;  a',  a  part  dividing  from  a ;  6,  corallite  undergoing  fission  ; 
c,  corallite  with  a  confuaied  septal  arrangement ;  d^  a  bud  with  six 
primaries,  a  secondary  septum,  and  a  columella ;  0,  corallite  showing 
a  columella;  /,  corallite  commencing  fission  (compare  the  part 
nearest  the  axis  of  the  stem  with  a',  in  which  the  process  has  been 
completed). 

3.  Thne  weathered  corallites,  ma^nifled,  taken  close  below  the  position 

of  the  Cilices ;  fission  in  progress  in  two,  and  the  columella  yisible 
in  the  third. 

4.  Sections  of  corallites,  one  undergoing  fission,  magnified.     Specimen  in 

the  British  Museum. 
4'.  Two  calices  corresponding  to  the  fissiparous  corallite  of  fig.  4,  magnified. 

5.  Some  calices,  magnified 

6t.  Section  of  a  corallite  showing  complete  endotheca  and  a  ring-shaped 
columella,  magnified.    Specimen  in  the  British  Museum. 

7.  Longitudinal  section  of  a  corallite  bhowing  dose  suocessive  endothecal 

dissepiments  below  that  which  closes  the  calice  inferiorly,  magnified. 
British  Museum  specimen. 

8.  A  similar  section  showing  successive  layers  of  endotheca  in  relation  to  a 

columella,  magnified.    British  Museum  specimen. 

9.  Part  of  a  longitudinal  section  of  a  corallite  showing  a  discontinuous 

columella,  magniGed.    British  Museum. 

10.  The  central   superficial  nodule  of  a  columella,  magnified.      British 

Museum. 

11.  The  position  of  the  ribbon-shaped  part  of  the  columella,  placed  between 

the  inner  ends  of  two  opposite  primary  septa,  magnified  ;  more  or 
less  diagrammatic. 

12.  Primary  septa  joining  at  their  inner  ends,  magnified ;  diagram. 

13.  14.  Junction  of  septa  accompanied  by  more  or  less  columellar  struc- 

ture in  14;  a  section  magnified.    Specin:en  in  British  Museum. 

15.  View  of  septa  and  columella  from  above,  magnified.    British  Museum. 

16.  Twisted  septal  ends  forming  a  false  columella,  magnified. 

DlSCT7S8IOK. 

Br.  HnTDB  remarked  on  the  interest  attaching  to  the  specimens. 
He  inquired  if  one  of  the  specimens  on  the  table  belonging  to  the 
Society  was  not  the  type  of  1£.-Edward6  and  Haime.  He  thought 
the  prolongation  of  the  septa  across  the  calice  indicated  merely 
a  tendency  to  lissiparity,  and  was  not  a  generic  character.  He  was 
not  sure  if  there  was  a  columella  distinct  from  this  prolongation. 
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which  was  only  well  seen  in  a  few  calices.  He  asked  if  a  section 
of  the  coral  had  been  made,  as  this  wonld  show  whether  there  is 
really  a  columella  or  not. 

Mr.  ETSBRinoE  said  there  had  been  sereral  specimens  of  Se^t- 
astrcea  Porhesi  at  the  British  Museum,  and  they  were  identical 
with  those  on  the  table.  The  septa  are  waved,  and  they  anastomose 
more  than  was  shown  by  Dr.  Duncan's  figures.  The  speaker  then 
proceeded  to  point  out  some  of  the  other  minute  characters  of  the 
genus  Septastrma^  and  especially  showed  that  the  junction  of  the 
septa  at  the  commencement  of  fissiparity  was  very  difficult  to  recog- 
nize, but,  if  seen,  was  unmistakable. 

Dr.  DxTNCABT,  in  reply,  said  the  type  of  M.-EdwardB  and  Haime 
had  been  in  the  Museum  of  the  Gfeological  Survey,  and  had  been 
sent  to  the  British  Museum,  consequently  he  could  not  lay  it  on  the 
table.  He  showed  that  there  was  a  distinction  to  be  made  between 
the  columella  and  any  prolongation  of  the  septa  at  the  commence- 
ment of  fissiparity,  and  that  this  could  be  recognized  in  the  fractured 
part  of  the  specimen. 
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5.  On  the  Oocukbehcb  of  Species  of  the  Gentts  Dtphtphtllum, 
Lonsdale^  in  the  Loweb  Cabbonif£boi78  Stbaia  of  Scotlakd, 
with  a  Descripiion  of  gome  kbw  Species  and  Notices  of 
Vakieties.  By  Jambs  Thoxsoit,  Esq.,  F.G.8.,  &c.  (Read 
March  24,  1886.) 

[Plates  IV.  &  V.] 

(Abridged.) 

The  object  of  this  commnnication  is  to  offer  evidence  in  favonr  of 
the  recognition  of  the  genus  Diphyphyllum,  which  was  defined  many 
years  since  by  Lonsdale,  and  which  has  not  been  definitely  accepted 
by  any  paleontologist,  with  the  exception  of  M^Coy.  It  is  proposed 
to  give  a  slight  history  of  the  genus  and  species,  and  then  to  notify 
the  occurrence  of  all  the  species  with  varieties  in  somewhat  remark- 
able deposits  in  the  Lower  Carboniferous  series  of  Scotland,  and  to 
describe  two  new  species  and  a  variety  of  one  of  them. 

The  facts  now  brought  forward  clearly  prove  the  truth  of 
Lonsdale's  diagnosis  of  the  gonus,  which  enters  the  family  Cyatho- 
phyllidse  of  the  Rugosa,  and  also  necessitate  the  introduction  into 
the  generic  diagnosis  of  the  words  "  increase  by  gemmation  and  by 
fissiparity." 

The  genus  Diphyphyllum  was  defined  by  Lonsdale  in  Murchison, 
Keyserlmg,  and  De  Vemeuirs  *  Geology  of  Russia  and  the  Urals' 
(appendix,  p.  622),  and  the  type  of  the  species  D.  concinnum,  Lonsd., 
is  in  the  collection  of  the  Geological  Society  of  London.  The  defi- 
nition was  as  follows : — *^  A  stony  lamelliferous  polypidom ;  laraelke 
exceeding  12,  biplated ;  branched,  branches  dichotomous ;  internal 
structure,  triareal — 1,  central  area  intersected  by  flat,  convex,  or 
irr^:ular  diaphragms,  no  persistent  axis ;  2,  intermediate  area  tra- 
versed vertically  by  lameUae,  interspaces  crossed  obliquely  or  down- 
wards by  extensions  of  the  diaphragms  and  subordinate  plates ;  3, 
outer  area  traversed  by  lateral  extensions  of  lamellsB,  interspaces 
crossed  by  arched  or  vesicular  laminsB  inclined  upwards  and  outwards ; 
stems  not  uniformly  thickened  by  external  secretions,  but  occasionally 
united  when  in  juxtaposition."  In  explanation  Lonsdale  notices 
that  acicular  points  arise  from  the  upper  surface  of  the  diaphragms 
(tabulffi),  and  sometimes  are  continuous  through  the  diaphragms 
above  for  a  short  distance,  but  there  is  no  persistence  of  this  struo- 
ture  so  as  to  form  a  columella.    The  corallites  are  in  ramified  masses. 

Diphyphyllum  concinnum^  Lonsd.,  is  defined  as  follows  in  the 
above-mentioned  work,  p.  624,  pi.  A.  &g.  4  : — "  Stems  cylindrical, 
nearly  smooth ;  crossed  externally  by  close,  fine,  waved  lines,  and 
stronger,  unequal,  distant  bands ;  lamellsB  numerous,  variable ;  inner 
surface  of  plates  furrowed  strongly  upwards  and  outwards ;  central 
area,  diaphragms  flat,  convex  or  irregular ;  intermediate  area,  prin- 
cipal lamellae  exceeding  30,  more  or  less  waved ;  intermediate  very 
unequal;  interstitial  prolongations  of  diaphragms  inclined  sharply 
downwards,  accessory  plates  nearly  horizontal ;  outer  area,  lamellao 
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variable  in  strength  and  range,  interstitial  plates  largely  vesicuLir ; 
terminal  cup  deep,  lined  by  edges  of  the  lamellae,  no  central  boss.** 
Relative  proportions  of  areas  not  constant.  Diameter  of  corallites  4 
to  4*5  lines. 

Localities,  Carboniferous  limestone,  Eamensk,  8il)erian  side  of 
the  Oural,  and  Bristol,  England. 

M^Coy  found  species  of  the  genus  and  recognized  the  increase  by 
fission  or  fissiparity ;  he  published  his  definitions  in  Ann.  &  Mag. 
Nat.  Hist.  ser.  2,  vol.  iii.,  and  subsequently  in  his  '  Palaeozoic  Eossils 
of  Great  Britain,'  p.  88  (1855).  DiphyphyUum  latiseptatum  and 
D.  gracUe  were  there  added  to  the  English  ooral-&una. 

M^Coy  notices  how  rare  dichotomous  branching  is  amongst  the 
CyathophyllidaB,  and  that  this  form  of  increase  distinguishes  Diphy^ 
pkyllum  from  Cyathaphyllum,  He  states  that  there  is  no  axis,  and 
that  the  corallites  are  biareal,  the  large  central  area  being  occupied 
by  a  strong  simple  transverse  diaphragm,  deflected  at  the  cir- 
cumference, surrounded  by  a  narrow,  outer  vesicular  area.  Outer 
wall  thick,  radiating  lamellae  numerous,  not  reaching  the  centre.  In 
2>.  latiseptatum  there  are  28  primary  septa  and  28  smaller  ones ; 
D,  graeile,  which  is  a  small  form,  has  not  one  half  the  septal  number 
of  the  other  species.  There  is  no  doubt  that  M^Coy  thoroughly 
understood  Lonsdale's  definition,  and  that  his  own  specific  diagnoses 
are  correct. 

Erom  the  time  when  M^Coy  wrote,  down  to  the  present  day, 
nothing  but  doubt  and  denial  have  been  associated  with  the  genus  so 
well  distinguished  by  Lonsdale.  Milne-Edwards  and  Jules  Haime 
(Hist.  Nat.  des  CoraU.  voL  iii.  p.  434,  1860),  considered  Lonsdale's 
species  to  be  the  same  as  M'Ooy's  D,  latiseptatum^  and  that  the  genus 
was  founded  upon  specimens  of  Lithostrotum  in  which  the  axis  had 
been  lost.  They  do  not  mention  the  fissiparous  increase  of  the  coral- 
lites at  aU.  Prof.  Hall  (Pal.  New  York,  vol.  ii.  p.  113)  describes 
DiplophyUum  and  separates  it  from  DiphyphyUum,  recognizing  the 
affinities  of  the  genera. 

Billings  (Canadian  Joum.,  March  1859)  debated  the  fissiparous 
method  of  increase  in  Lonsdale's  genus,  and  yet  separated  it  from 
lAihostrotum  on  account  of  the  defective  axial  structures.  He, 
moreover,  considered  Hall's  genus  to  be  synonymous  with  Lonsdale's, 
which  it  is  not. 

De  Koninck  gives  an  excellent  history  of  the  genus  in  his  Bech. 
sur  les  Anim.  foss.  du  Terr.  Carb.  de  la  Belg.  pt.  1,  p.  33  (1874).  He 
shows  how  Lonsdale  separated  the  genus  itomlAihostrotion  on  account 
of  the  absence  of  a  columella,  and  criticizes  Milne-Edwards  and 
Jules  Haime.  He  does  not,  however,  admit  that  fissiparity  occurs, 
and  maintains  that  the  appearance  is  due  to  the  rapid  coalescence  of 
young  individuab  which  have  been  really  produced  by  gemmation. 
He  agrees  in  this  respect  with  M.  Ludwig  (Zur  Pal.  des  Ourals, 
p.  14,  pL  ii.  figs.  4,  5,  7).  De  Eoninck,  however,  considers  that 
Milne-Edwards  and  Jules  Haime  have  admitted  the  fissiparity,  as  did, 
of  oourse,  M^Coy.  He  reflects  upon  the  mistakes  .of  D'Orbigny  and 
De  Promentel  in  using  the  generic  name  given  by  Lonsdale  for  very 
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different  corals  from  those  to  which  he  intended  to  apply  it, 
namely  the  fasciculate  Lithostrontionts.  Nevertheless,  M.  de 
Koninck's  reading  of  Lonsdale's  definition  of  Diphyphyllum  (op,  cit. 
p.  33)  does  not  satisfy  those  who  believe  in  the  fissiparity  of  the 
indiTiduals  of  its  species.  This  is  to  be  regretted,  because  it  is  now 
shown  by  the  Scottish  specimens  that  Lonsdale  was  correct ;  and, 
moreover,  in  order  to  complicate  matters,  there  are  also  forms  in 
the  Scottish  Carboniferous  which  agree  with  De  Koninck's  insufficient 
generic  diagnosis,  and  which  may  be  termed  Lonsdale's  Diphyphylla, 
increasing  by  gemmation  only,  and  with  more  or  less  united  coral- 
litea  (see  the  concluding  sentence  of  this  communication). 

The  specimen  of  Diphyphyllum  coimnnum^  Lonsd.,  figured  by  De 
Xoninck  does  not  show  fissiparity;  but  similar  slabs  are  to  be 
obtained  in  the  Scottish  Lower  Carboniferous,  and  fissiparity  is 
seen  now  and  then  in  them,  the  greater  part  of  the  increase  being  due 
to  gemmation.  De  Koninck  also  considers  McCoy's  D.  lattseptatum 
to  be  synonymous  with  D,  concinnum,  the  difference  being  due  to 
Tigorons  growth  of  the  first-named  coral. 

Lindstrom,  in  his  useful  index  to  the  generic  names  of  the  corals  of 
Palaeozoic  formations  (Bihang  till  k.  Svenska  Yet.-Akad.  HandL 
Bd.  8,  no.  9,  1883),  states  that  Diphyphyllum^  Lonsdale,  1845,  has 
Eridophyllum^  Ed.  <fe  H.,  as  a  synonym.  This  is  an  error,  for  Erido^ 
phyUum  differs  very  decidedly ;  it  does  not  increase  by  fissiparity 
and  has  rootlets. 

The  presence  of  several  forms  which  must  come  within  the  genus 
Diphyphyllum^  Lonsd.,  in  the  Lower  Carboniferous  strata  of  Scotland 
is  placed  beyond  a  doubt,  and  the  difficulty  is  to  distinguish  species 
from  varieties.  Certainly  there  are  four  groups  of  species  and  some 
varieties  which  have  been  collected,  and  they  may  be  divided  as 
fbllows : — 

1.  The  D,  eoncinnum  group,  with  numerous  primary  and  smaller 
septa,  not  less  than  from  45  to  60  in  number ;  endotheca  moderate. 

2.  Large  forms  with  long  and  shorter  septa,  about  40  in  number ; 
endotheca  in  two  distinct  circles.  A  new  species,  D,  eylindricumy 
comes  in  here,  with  a  second,  D,  Blaclcwoodi, 

3.  Large  forms  with  numerous  septa  and  much  endotheca,  filling 
laigely  the  interseptal  loculi.  Here  come  in  D.  latiseptatum,  M'Coy, 
and  two  varieties,  var.  giganteum  and  var.  interruptum, 

4.  Small  forms  with  small  corallites  with  few  septa :  D.  gracile, 
M'Coy. 

The  foUqwing  old  and  new  species  and  varieties  of  the  genus 
Diphyphyllum^  Lonsd.,  occur  in  the  Lower  Carboniferous  of  Scot- 
land : — 

DiPHTPHTLLVM  COKCTNUUM,  LoUsd.      (PI.  lY.  fig.  1.) 

A  variety  with  smaller  corallites  than  the  type,  and  about  44  septa ; 
diameter  6  miUim.  by  8  miUim.,  in  the  instance  of  the  largest  coral- 
lites. The  distribution  of  the  endotheca,  tabulsB.  and  acicular  points 
IB  aa  in  the  type,  and  everything  is  on  a  smaller  scale.  The  corallites 
are  tall  and  wide  apart.     Gemmation  appears  to  be  more  frequent 
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than  fis8ipaTit7,  and  this  may  ooour  so  that  the  parent  corallite 
becomes  trilobed  in  transverse  outline,  and  the  fission  is  double 
instead  of  single.  That  this  is  not  a  junction  of  buds  can  be  proved 
by  studying  the  growth  of  the  septa  from  the  dividing  lamina. 

Locality,  Lower  Carboniferous,  Scotland.  Eirtle  Bridge  and  Black- 
ridge,  Dumfries. 

Var.  FUBCATiTic  (PI.  rV.  fig.  2).  This  variety  has  slightly  smaller 
septa  and  wider  central  space  than  the  type.  It  does  not  occur  in 
dense  masses. 

Locality,  Near  Penwick,  Ayrshire  and  Corriebum,  Dumbarton. 

DlPHTPHYLLUH  BlACKWOOSI,  Sp.  UOV.      (PL  lY.  fig.  3.) 

The  corallum  is  in  dense  fasciculate  masses,  with  corallites  of  differ- 
ent sizes,  cylindrical,  tortuous,  close  or  not,  rarely  in  lateild  contact. 
Epitheca  delicate.  Diameter  4  to  6  millim.  Fossula  with  a  small 
primary,  often  indistinct.  Septa  16  to  20,  according  to  the  size  of 
the  corallite,  with  a  similar  number  of  smaller  ones  (30  to  40  in 
all),  the  larger  extending  inwards  considerably,  but  leaving  a  wide 
central  space;  they  are  very  thin  and  delicate  near  the  equally 
thin  wall,  and  are  stouter  and  decidedly  bilaminate  at  their  junction 
with  the  innermost  endothecal  ring ;  they  may  extend  beyond  that. 
The  smaller  sepia  are  short,  thin  near  the  wall  and  thicker  near  the 
outer  endothecal  ring.  Acicular  points  rarely  exist — in  one  corallite 
out  of  14.  Endotheca  stout  between  the  septa  and  vesicular ;  the 
inner  circle  of  it  is  often  festooned.  A  vesicular  structure  is  often 
seen  near  the  wall  in  the  interseptal  loculi.  Tabulffi  large,  horizontal 
in  the  central  area  and  inclined  at  the  edges  towards  the  underlying 
tabula ;  sometimes  bent  upwards  and  then  having  a  relation  to  the 
fissiparity,  which  is  both  single  and  double. 

Localities,  Auchenmead,  Beith,  near  Eenwick,  Ayrshire ;  Boghead, 
Lesmahagow,  Lanarkshire. 

Var.  APPBOxiKATinc.     (PL  IV.  fig.  4.) 

This  has  the  "  rods  "  very  frequently  developed. 
Locality.  Boghead,  Lesmahagow,  Lanarkshire. 

In  a  coral  with  closer  coraUites  than  the  last,  and  which  might 
almost  be  considered  to  be  a  variety  of  it,  the  septa  of  the  principal 
series  extend  so  far  inwards,  and  the  endotheca  is  so  much  less  like 
internal  walls,  that  I  consider  it  to  form  a  new  species : — 

DrPHTPHTLLTJlC  CTLDTDBICrM,  Sp.  UOV.      (PL  IV.  figS.  5,  6  A.) 

Corallum  in  dense  fasciculate  masses,  corallites  tall  and  cylindrical, 
epitheca  thin,  with  narrow  growth-riDgs.  Septa  few,  18  to  20  large 
and  as  many  small,  the  large  passing  far  in  and  reducing  the 
dimensions  of  the  central  area  and  tabulss.  The  small  septa  extend 
about  one  fourth  of  the  distance  of  the  others.  The  vesicular 
endotheca  is  delicate,  in  two  fairly  distinct  circles  in  the  interloculi, 
and  some  delicate  inclined  stereoplasm  occurs.  Fissiparity  is 
frequent  and  is  of  both  kinds ;  gemmation  also  occurs. 
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Locality,  Boghead,  Lesm&hago ;  Bough  wood  and  Thirdparfc,  Beith, 
AjTshire. 

DiPHTPHTLLUlC  LATIBEPTATTrJC,  M*Coy.      (PL  V,  fig.  6.) 

This  form  must  now  be  separated  from  D,  concinnum,  for  the 
specimens  show  a  large  corallite  with  52  septa  in  all,  longer  primary 
septa  than  in  D.  concinnum,  and  a  very  considerable  yesicular 
endotheca  filling  the  interseptal  loonli^  and  mach  more  of  it  than  in 
the  species  determined  by  Lonsdale.  Both  kinds  of  fissiparity  are 
present. 

LoealitUs.  Corriebnm,  Dumbarton,  and  Fenwick,  Ayrshire. 

There  are  two  varieties  of  this  species,  var.  giganteum  (PL  V. 
figs.  7  and  8)  and  var.  interruptum  (PL  V.  fig.  9). 

DiPHTPHTLLinc  OBAciLE,  M'Coy.    (PL  V,  fig.  10.) 

This  IS  the  smallest  species  of  the  genus,  and  the  Scottish 
specimens  are  fairly  undistinguishable  from  the  type.  The  septal 
number  is  small,  and  there  is  fissiparity  as  well  as  gemmation  to  be 
observed  in  the  method  of  increase  of  the  individuab.  The  coralHtes 
axe  in  tortuous,  ascending,  and  irregular  bifurcating  masses. 

Localities.  Cotcastle  near  Strathaven ;  Braidwood  and  Brockley, 
Lesmahagow ;  Eoughwood  and  Cunningham,  Bedland  Dairy,  Ayr- 
shire. 


List  of  Scottish  Lower  Carboniferous  Species  and  Varieties 
o/ Diphyphyllum,  Lonsd. 

1.  Diphyphyllum  concinnum,  Lonsd.,  variety. 

„  „  var.  furcatum, 

2.  „  Blackwoodi,  sp.  nov.,  and  var.  approximioium, 
d.         „  cylindricvm^  sp.  noy. 

4.         „  latismtatum,  M'Coy,  and  Tan.  giganteum  and  interruptum, 

6.         „         gracUe,  M'Coy. 

Some  of  these  forms  are  found  in  large  masses  and  environed  and 
covered  by  volcanic  ash.  It  is  not  too  much  to  believe  that  some 
of  the  variability  of  the  species  may  have  been  produced  by  the 
rather  frequent  slight  changes  of  external  conditions  which  must 
have  accompanied  the  vulcanicity  of  the  Lower  Carboniferous  age. 
Indeed,  the  volcanic  ejectamenta  appear  to  have  finally  destroyed 
the  life  of  the  individuals  over  the  area,  for  the  species  are  not 
found  in  a  higher  geological  horizon. 

The  examination  of  the  numerous  species  and  varieties  of  the 
genus  established  by  Lonsdale  enables  the  truth  of  his  description 
and  diagnosis  to  be  appreciated.  His  only  mistake  was  an  omission ; 
for  when  he  stated  that  the  species  increased  fissiparously,  he  did 
not  also  state,  what  has  been  shown  here,  that  gemmation  also 
occurs.  The  description  given  of  the  tabulae  by  LouBdale  is  correct, 
and  so  is  that  of  the  acicular  points  sometimes  becoming  rods  which 
do  not  extend  for  any  great  height  in  the  centre  of  the  coraUum.  These 
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points  rise  from  the  surface  of  a  tabula,  and  when  there  are  rods 
they  transfix,  as  it  were,  several  tabulaB.  The  rods  are  rarely  seen, 
but,  by  searching,  some  will  be  found  in  a  somewhat  definite  per- 
centage of  corallites.  The  triareal  nature  of  the  corallites  is  to  be 
recognized,  but  it  is  a  term  which  has  become  disused,  especially  as 
the  endotheca  only  gives  characters  of  second-rate  importance  as  a 
rule. 

The  fissiparity  is  much  better  shown  in  the  specimens  herein  de- 
scribed than  it  was  in  those  seen  by  Lonsdale,  and  there  are  three  kinds 
of  the  process.  In  some  corallites  bending  in  and  figure  of  8  occurs,  as 
in  the  Mesozoic  and  Recent  Corals,  and  division  took  place  at  the  nar- 
rowing. But  usually  a  ridge  grows  across  the  corallite,  and  septa  are 
formed  on  either  side,  and  then  the  ridge,  which,  for  a  time,  has  been 
partly  the  wall,  separates  into  two  portions.  The  third  method  is 
singular,  for  two  ridges  grow  towards  the  centre  of  a  corallite,  and 
one  reaches  the  other  at  right  angles  near  the  axis,  and  thus  the 
appearance  of  a  trilobed  budding  is  presented  ;  but  it  is  evident  that 
septa  only  grow  from  the  ridges,  and  that  would  not  be  the  case  in 
buds.  After  separating,  the  new  corallites  grew  upwards  away 
from  one  another.  The  ridges,  which  have  so  much  to  do  with  the 
two  commonest  kinds  of  fissiparity,  are  the  extension  inwards  of 
oppositely  placed  large  septa ;  the  inner  ends  unite  and  shut  off  the 
two  parts  of  the  corallite,  and  septa  grow  from  the  faces  looking' 
towards  the  new  central  areas.  In  another  form  it  appears  as  if  a 
tabula  turned  up  or  grew  up  at  its  outer  edge  and  stretched  across  / 
the  corallitie  at  the  calice  ;  it  came  up  to  the  bottom  of  the  visceral  . 
cavity,  and  then  septa  grew  from  both  sides  of  it  and  fission  occurred. 

Pissiparous  growth  is  a  very  rare  phenomenon  amongst  the  Eugose 
Corals,  and,  so  far  as  is  known,  Diphyphyllum  is  the  only  genus 
in  which  it  occurs.  The  alliances  of  the  genus  need  hardly  be 
noticed  here,  as  they  have  been  discussed  by  Milne-Edwards  and 
Jules  Haime,  and  especially  by  De  Koninck  in  the  work  already 
quoted. 

The  presence  in  Scotland  of  a  species  of  a  genus  which  would  come 
within  that  which  should  receive  De  Koninck's  D,  concinnum  (non 
Lonsdale)  has  been  discovered  of  late,  and  it  necessitates  the  re- 
definition and  renaming  of  the  Belgian  type,  so  as  to  separate  it  from 
the  fissiparous  form.  This  new  genus  will  form  the  subject  of  a 
future  communication. 


EXPLAIN ATION  OF  PLATES  IV.  &  V. 

Plate  IV. 

Fig.  1.  Diphyphyllum  concinnum^  Lonsd.,  tranfirerse  Bocdon  showing  finiparity. 

2. ,  var.  furcatum. 

3.  Blackwoodi,  Thorns.,  transverse  section. 

4. ,  var.  approximatum,  transverse  section. 

5.  eylindricum.  Thorns.,  transverse  section ;  5  a,  longitudinal  section 

of  corallites. 
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Platb  V. 

Fig.  6.  Dipky^UfRvm  latiaeptatum,  M'Coy,  traiiBTene  section. 

7. ,  Tar.  ffi^anfeum,  transTene  section. 

8. , ,  longitudinal  section  of  corallites. 

9.  ■ ,  Tar.  tntemtpium,  transverae  section. 

10.  graciU^  M'Coy,  transTerse  section. 


DiSCUBSIOK. 

Prof.  DracAi?,  after  drawing  attention  to  Mr.  Thomson's  industry, 
stated  that  the  communication  settled  the  long-disputed  value  of 
Diphyphyllum,  Lonsd.  Lonsdale  diagnosed  the  genus  from  in- 
ditferent  specimens,  and  yet  clearly  established  the  absence  of  a 
columella  and  the  presence  of  fissiparity  in  the  forms.  Mr.  Thom- 
son's beautiful  specimens  prove  that  Lonsdale  was  correct,  and 
in  addition  show  that  there  was  also  gemmation.  It  is  now  evident 
that  the  opinions  of  Milne-Edwards  and  Jules  Haime  about  the 
genus  are  incorrect.  In  drawing  attention  to  the  different  aspects 
of  Hie  calicos  (^  the  Eugosa  and  of  sections  made  lower  down  in 
the  corallites,  Prof.  Duncan  remarked  that  Mr.  Thomson  placed  too 
great  a  classificat'Ory  value  on  the  endothecal  structures,  which  vary 
in  the  same  coral. 

Dr.  Hinds  inquired  whether  the  diagrams  exhibited  related  to 
distinct  species  or  represented  characters  drawn  from  different 
species.  Is  it  the  case  that  both  fissiparity  and  calicular  gemmation 
occur  in  the  same  species  ? 

Prof.  DxjHCAiT  thought  the  diagrams  were  intended  to  be  general. 

Prof.  Rupert  Jones  expressed  himself  favourably  with  regard  to 
the  paper  and  the  specimens. 

llie  Pbebidsnt  expressed  his  regret  that  Mr.  Thomson  was  not 
present  to  receive  the  personal  congratulations  of  the  masters  of 
palaeontological  science  upon  his  interesting  communication. 
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6.  On  Tebtiabt  Chilobtomatottb  Bbtozoa  from  New  Zbalakd.     By 
Abthub  Wm.  Watebs,  Esq.,  F.G.8.     (Read  December  1, 1886.) 

[Plates  VI.-Vin,] 

Iir  the  following  paper  the  Chilostomata  *  from  three  collections  are 
described^  two  being  kindly  lent  by  Miss  Jelly,  to  whom  they  had 
been  sent  by  a  correspondent  living  in  the  neighbourhood  of  Napier. 
They  are  from  Petane  and  Waipukurau,  both  representing  a  well- 
known  horizon,  and  also  some  from  Waikato  t  and  Trig's  Station, 
Tanner's  Hun,  besides  others  designated  as  from  the  neighbourhood 
of  Napier. 

For  the  third  collection,  which  is  only  small,  I  am  indebted  to  the 
kindness  of  Professor  Hutton,  who  collected  the  material  from  the 
base  of  the  Shakespeare  Cliff,  Wanganui. 

Petane,  Waipukurau,  and  Wanganui  are  known  locaHties  in  what 
is  called  the  Wanganui  system,  which  Tenison-Woods  in  his  "  Corals 
and  Bryozoa  of  the  Neozoic  Period  in  Ne^  Zealand  "  (Colon.  Mus. 
and  Geol.  Survey  Dept.  1880),  calls  '.'  Upper  Miocene,"  but  which 
Professor  Hutton  more  recently  (Quart.  Journ.  Geol.  Soc.  vol.  xli. 
1885,  p.  194) calls  ''Newer  Pliocene." 

The  only  papers  on  New-Zealand  fossil  Bryozoa  with  which  I  am 
acquainted  are  those  by  Tenison-Woods,  just  mentioned,  and  one 
by  Stoliczka,  "  On  the  Bryozoa  from  the  Marine  Beds  of  the  Wait- 
emataschichten  of  Orakei  Bay."  The  Waitemata  beds  belong  to  the 
Pareora  system,  and  are  considered  by  both  Woods  and  Hutton  to 
be  Miocene. 

Of  some  few  the  state  of  preservation  is  very  satisfactory,  while 
with  most  this  is  by  no  means  the  case  ;  yet  it  is  often  surprising 
to  find  how  in  badly  preserved  specimens  the  characters  can  be 
distinctly  made  out  by  a  detailed  examination  of  cell  after  cell.  As 
an  example,  I  had  examined  Lepralia  senUluna,  var.  simplex^  for 
over  an  hour  before  I  could  tell  which  was  the  right  way  up ;  but 
when  at  last  I  got  the  key  and  examined  the  best-preserved  zooBcia, 
the  characters  were  made  out  as  distinctly  as  in  any  fossil  that  I 
have  yet  examined. 

The  general  appearance  depends  largely  upon  the  conditions  of 
fossilization,  and  with  most  of  the  fossils  now  examined  is  quite 
useless  for  specific  separation ;  but  during  the  last  few  years  we 
have  been  taught  how,  in  the  recent  forms,  we  must  look  almost 
entirely  to  the  zooecial  characters,  and  our  knowledge  of  the  fossils 
must  be  increased  by  a  study  of  each  character  separately.  It  will 
most  materially  help  the  study  of  the  recent  Bryozoa  when  the 
descriptions  are  given  of  the  separate  organs  with  the  organic  integu- 
ment removed,  and  this  must  be  done  before  comparisons  are  made 
with  fossils.     Through  the  kindness  of  Miss  Jelly  I  have  been 

*  The  description  of  the  Cyolostomata  wiU  shortly  follow, 
t  This  is  written  "  Whakati,"  but  I  have  not  been  able  to  find  out  that  there 
is  such  a  place,  whereas  Bryozoa  of  this  age  are  known  from  Waikato  Heads. 
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enabled  fco  make  such  direct;  comparisons  with  most  of  the  recent 
New-Zealand  and  Australian  Bryozoa,  making  preparations  of  the 
covers  and  other  parts,  and,  during  the  three  years  that  these  collec- 
tions have  been  in  my  hands,  have  been  preparing  myself  for  dealing 
with  the  fossils  by  studying  the  recent  forms. 

There  are  some  people  who  think  it  is  possible  to  turn  aside  from 
other  work  and  off-hand  decide  on  the  correctness  of  an  author's 
interpretation ;  but,  certainly  with  such  a  group  as  the  present, 
criticism  such  as  every  author  ought  to  be  glad  to  receive  can  only 
be  of  value  when  the  spirit  of  the  work  is  entered  into  after  pro- 
longed examination.  On  this  account  it  is  much  to  be  regretted 
that  there  are  so  lamentably  few  workers  on  fossil  Bryozoa,  whereas 
there  are  numbers  of  entirely  new  fields,  and  all  the  older  work 
oaght  now  to  be  revised  from  our  present  stand-point  in  dassi- 
fication. 

The  genus  Memhraniporaf  which  is  largely  represented  from  near 
Napier,  is  not  one  of  the  most  useful  palaeontologically,  because  (1) 
the  shape  of  the  oral  aperture  is  never  preserved,  but  only  that  of 
the  opesial  aperture,  which  is  of  but  secondary  diagnostic  value  ;  and 
(2)  in  this  genus  the  appearance  of  the  zooecia  is  remarkably  modified 
by  the  presence  of  ovicells,  but  these  are  often  wanting  both  in 
recent  and  fossil  specimens.  In  fact,  among  the  recent  forms,  the 
oviceUs  are  not  known  in  one  half  of  the  species,  and  even  in  some 
of  the  commonest,  such  as  M,  pUosa^  they  have  not  yet  been  found. 

It  will  be  seen  from  a  reference  to  figures  2  and  5,  3  and  6  how 
very  different  the  appearance  in  various  parts  of  the  same  colony 
may  be ;  and  this  is  by  no  means  confined  to  the  genus  Membranipora, 
but  occurs  in  numerous  genera,  an  example  of  which  may  be  seen 
in  different  parts  of  Microporella  devata^  T.-Woods  (see  Quart. 
Journ.  Geol.  Soc.  vol.  xli.  pL  vii.  figs.  6  and  9). 

In  nearly  all  the  commoner  species  with  wide  geographical  range, 
such  as  Microporella  ciliata,  Crihrilina  radiata,  Bhynchopora  hi- 
^inosa^  Cdlepora  coronopus^  Crihrilina  monoceros,  Porella  concinna, 
&c.,  the  mode  of  growth,  the  thickness,  the  structure  of  the  shell, 
the  size  and  number  of  spines*,  the  position  of  avicularia,  and  other 
characters  are  known  to  be  liable  to  great  variation,  causing  the 
appearance  to  be  quite  different.  Yet  notwithstanding .  this  wide 
range  in  common  species,  it  seems  to  be  overlooked  that  the  same  is 
likely  to  be  the  case  in  species  with  which  we  are  less  acquainted ; 
and  the  comparisons  that  I  have  been  obliged  to  make  in  studying 
the  characters  of  the  fossils  have  convinced  me  that  not  only  by 
those  fresh  in  the  field,  but  also  by  some  of  our  most  competent 
workers,  local  varieties,  or  even  specimens,  have  in  many  cases 
been  described  as  species.  With  the  paucity  of  fossil  material,  it  is 
impossible  that  this  can  always  be  avoided,  but  I  would  urge  the 
advisability  of  more  frequently  indicating  the  relationships. 

I  have  never  been  satisfied  as  to  the  separation  of  Smittia  and 
MucroHeUa ;  and  although  we  seem  on  the  right  track  with  regard  to 

*  Thus  we  have  Membranipora  LacroixH  and  M,  monosCachya  with  and  without 
spines. 
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the  dassifioation  of  the  Chilostomata,  there  are  many  points  which 
require  modification,  and  the  peristomial  charaoters  all  seem  too 
variable  to  be  used  for  wider  classification. 

A  list  of  recent  New-Zealand  Bryozoa  has  been  drawn  up  by 
Professor  Hutton  (Man.  of  N.  Zealand  MoU.,  Col.  Mus.  &  Geol. 
Surv.  Dept.  1880),  and  a  large  number  have  been  described  by 
Hincks  in  the  ^  Annals,'  and  some  by  Busk  in  the  <  Challenger '  Export, 
besides  which,  as  already  said,  I  have  had  the  opportunity  of  ex- 
amining a  series,  and  now  our  knowledge  of  the  Australian  and  New- 
Zealand  fauna  is  being  constantly  increased  by  MacGillivray,  Hincks, 
and  other  workers,  so  that,  although  much  remains  to  be  done,  we 
are  now  gaining  a  fair  knowledge  of  the  Australian  fauna.  We 
must,  however,  always  remember  that  in  giving  the  proportion  of 
any  fossil  series  known  living,  this  can  only  refer  to  the  state  of 
knowledge  at  one  time ;  even  since  I  commenced  writing  on  the 
Australian  fossils,  dredging  has  brought  to  light  several  species  at 
first  indicated  as  only  known  fossil,  so  that  the  proportions  then  given 
are  somewhat  changed. 

Besides  those  mentioned  in  this  and  previous  papers,  MicroporeUa 
coteinopora,  var.  armata,  has  been  found  near  Port  Phillip  Heads  and 
Queen's  Cliff.  Porella  emendata,  Waters,  has  been  described  in  the 
*  Challenger '  Report  (p.  155,  pi.  xx.  fig.  5)  as  Mucrondla  pyriformii. 
Mr.  Busk  does  not  mention  any  avicularia,  but  in  a  specimen 
from  Port  Western  I  found  avicularia  to  a  few  cells,  placed  diagonally 
as  in  the  fossil.  The  fossil  and  recent  forms  agree  in  size  and  every 
particular. 

Cellaria  ovieelhsa,  Waters,  has  been  sent  to  me  recent  from  Aus- 
tralia by  Miss  Jelly,  and  is,  no  doubt,  the  ScUicomaria  bicomis  of  the 
'  Challenger'  Eeport  (p.  90). 

Memhraiiipora  artictilata.  Waters,  has  since  been  described  by  Mr. 
Hincks  as  Fardmitiaria  appendiculata ;  and  I  would  take  the  oppor- 
tunity of  again  urging  the  importance  of  decalcifying  recent  specimens, 
for  often,  as  in  this  case,  a  ver}'  different  appearance  is  given  and  fresh 
and  important  characters  are  seen.  If  this  had  been  done,  Mr.  Hincks 
would  have  seen  points  which  have  escaped  him,  and,  I  think,  would 
then  have  recognized  that  the  species  had  already  been  described. 

Micropora  cavata,  W.,  is  Aspidosicma  giganteum^  Busk.  In  each 
paper  fresh  instances  of  species  with  two  or  more  modes  of  gix>wth 
have  been  given ;  such  cases  are  constantly  coming  before  me  and 
new  ones  are  mentioned  in  this  paper.  Beceutly  Dr.  Jnllien  ♦  has 
made  an  important  addition  to  our  knowledge  of  the  freshwater 
Bryozoa,  and  shown  that,  trusting  to  the  mode  of  growth,  a  classifi- 
cation has  been  used  which  would  often  bring  various  specimens  of 
a  species  under  different  genera,  and  that  a  revision  similar  to  that 
which  has  been  made  of  the  Chilostomata  is  necessary  with  the 
Endoprocta. 

Enough  is  not  yet  known  about  the  New-Zealand  and  Australian 
Bryozoa  to  be  able  to  fix  their  exact  age  with  certainty,  and  this 

*  "  Bo'ozoaires  dVnu  douce/'  par  Dr.  J.  Jullien  (Bull.  Soc  Zool.  de  Fr&noe 

t.  X.  1885). 
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ultimately  can  only  be  done  by  taking  into  consideration  the  varioas 
groups  of  fossils ;  but  the  facies  of  those  in  hand  is  so  recent,  that 
we  are  inclined  to  think  that  some  authors  have  attributed  too 
great  an  age  to  the  deposits  containing  them.  That  they  are  com- 
paratirely  recent  cannot  be  doubted,  when  we  consider  what  a 
large  number  are  known  living  in  the  New-Zealand  seas,  or  are 
represented  there  by  others  very  nearly  related  to  them.  Out  of  78 
species,  or  varieties,  61  are  known  living,  29  of  these  from  New- 
Zealand  seaa,  48  from  either  New-Zealand  or  Australian  waters, 
and  28  have  been  found  fossil  in  Australia. 

Figures  of  a  few  of  the  chitinous  covers  of  species  discussed  are 
given,  as  they  are  the  best  indication  of  the  shape  of  the  true  oral 
aperture.  Figures  34  and  37  are  copied  and  shaded  from  photo- 
graphs, and  on  this  account  it  has  been  convenient  to  give  them  on 
a  lairger  scale  than  in  my  previous  papers.  Mr.  Busk  called  them 
the  "  chitinous  organs,"  which  ii  a  very  incorrect  term,  as  they  can- 
not in  any  way  lay  claim  to  be  organs,  but  only  covers  of  organs. 
Neither  the  opercula  nor  the  mandibles  are  universally  chitinous, 
although  usually  so,  and  it  would  seem  best,  when  they  cannot  be 
spoken  of  as  opercula  and  mandibles,  to  call  them  Bryozoal  covers. 

With  the  exception  of  these  and  fig.  25  the  figures  are  all  mag- 
nified 25  times. 


List  of  Species*. 


1.  Celiuia  malTiaeiiiis,  B 

1.  Membimaipora  monottaehji,  J. 

». UneatA^L 

4. Lacroizii,  Tar.  CFUidii,  W. 

6.  Damerilii,  ^iitf.  ..„ 

6.  nobilis,  .Bm.  

7.  aolidola.  Aid.  ^  Hinek» 

8.  ~— tfDBoluB,  /Uan£. 

9.  oeryioomit,  Butk 

10.  miiMMa,  Q.  if  Q 

11.  Fiemiogu,  B - 

UL  trifobam.  5.  Wood  

13.  —  ooenltaCa,  q>.  DOT. 

U.  MonoporellA  cspcnsif,  J9.   

15. ♦  tar.  dentate,  nor.   

1& cwwrina,  W, 

17. diiqiuicta,  Mantc.  

18. waipnkareoau,  so.  nor 

19i  Steganoporella  n«oc«lamcai  H.... 

ao.  Miaropora  lepada.  JKadbt , 

IL Tariperforate,  wft,  nor.    


*Z 

^Z 


*Z( 


*5 


¥: 


¥: 
¥: 

I 

¥: 
¥: 


1,2.3, 
4.6 


3, 6.  6 


AIUm  and  XoeaUtiea. 


Crag. 
Miooene. 

Napier  Harbour. 
Crag. 


Wbakati. 
Pliocene  (Italy). 


Wbakati. 


*  A  or  Z  indicate  that  the  form  is  known  liying  in  Australia  or  New  Zealand. 
l^Cnrdiee  Creek.  2=Mt.  Gambier.  3=Baim8dale.  4=Muddy  Creek. 
5 = Aldings.    6 = Marray  Cliffi. 
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Liiit  of  Species  (continued). 


.  MembraniporelUiutida,«7oJin«<.i 

28.  Cribrilina  monooeroa,  B.    ..^.... 
24.  flgularifl,  JbJkiu^ 

, radiata,  MoU,  var.  B&dlioheri, 

Bs»,  

26.  Mioroporella  Giliata»  Molk 

27.  MalusiiMtM^ -.... 

.  maoropora,  Sto{.  „. 

29.  deoorata»£«<.,Yar.aiigQatipora, 

30. magnirofftrif,  MaeO 

81.  Macronella  mucronata,  An.  


84. 
85. 
36. 
37. 
38. 
89. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
58. 
54. 
55. 
56. 
57. 
58. 


67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 


nitida,  F«rr»tt  ..„ 

pmstani,  SinekM 

Peaohii,  Jokntt 

,  Tar.  ootodentata,  S. . 

— '  alyaresiaDa*  <<'0r6 

triou^if,  Hincka. 

,  Tar.  waipnknreniis    . 


-por< 


Liveraidgei,  Woods 

flrmata,  sp.  hoy.  

Smittia  reticolata,  MaeG.  

LandsboroTii,  Johrut 

biinoiaa,  W..  -nr.  hiauapia,  M. 

Kapierii,  WaUrt 

Porioa  grandipora,  sp.  nor 

Lepralia  PoiBsonii.  Ayid 

Ireotilineata,  EindcM 

imbellia,  B.   , 

pertnaa,  E»p*'' 

— ^— POstn(^ra«  But, 

— -  loninpora,  MaeO 

semiiuna,  Bu,,  Tar.  aimplei .. 

forami&igera,  JERnela 

bintata,  sp.  dot 

Porella  manapium,  MaoO 

*  Tar.  porifera,  K. 

oonomna,  J9 

Hippothoa  flagellam,  Manz 

Sonuoporella  circinata,  MaeO. 

— -^  auriculata*  JHa*t 

Bidleyi,  MacO 

manupifera,  jB. 

biaperta,  Mich. 

cribrilifera«  Sinekt^ 

— —  olaTula,  Manz 

conserrata,  WaUn 

obliqua,  f  Jlfa«G' , 

dnctipora,  H.,  Tar.  personate.. 

taberosa,  Ru.,  Tar.  angustata.. 

hjralina,  X 

Oellepora  albirostris,  8m 

tridentidxlata,  JB 

coronopos,  S.  Wood , 

— —  ooatataf  MaeO 

deoepta,  sp.  dot , 

Rbjnohopora  lonsirostris,  S.  ., 
Lunulites  petaloides,  <f  Or6 


t 


AZ 

AZ 

4fA 

^Z 
^AZ 


Petame  i&arls. 
Crag. 

Napier  Harbour. 

Wbakati. 

Bird  Rook  (Yiotoria). 

Miooene. 


3,6 

1,2,3, 

4.6 

8,6 


Tominj  Gollj,  Petane. 
Petaa«  marla. 


Wliakati. 


Petane  marla. 
Mount  Gambier. 


•JtAZ 
^Z 


•3t 


2,8,  6 
6 


Whakati. 


•Jtz 


4 

*A 
*A 

^e-Az 

*ZA 
*Z 


2 
2.8 


■)tA 

•Jtz 


*AZ 
•J^A 
•JtA 

■JtA 

*^a" 


1.3 


•3t. 


6 
5,6 
2.6 


^    2.4 


TVaum  Ponds  (Australia). 

r  Whakati.NapierHarboar, 
I  Miocene,  Europe. 

Tommj  Onlly  (Petane). 
WaumPoncb. 


Waom  Ponds. 
Tommj  Oullj (Petane). 

Tonunj  Gullj  (Petane). 


Petane  nuurla. 
Italian  Miooene.- 


Tomxnj  Oully  (Petane). 
Yorke's  Peninsula  (Aust). 
Miocene  (Europe). 

Bird  Rock. 
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1.  CbLLABIA  VALYINEITBIB,  Bask. 

CeUaria  medvinensiSf  Waters,  Quart.  Jonrn.  Geol.  Soo.  yol.  zli. 
p.  286. 

Lo€.  living:  various  localities  in  the  Southern  Hemisphere. 
Fossil :  Australia ;  Nelson  (ff.),  Waipukurau  and  Shakespeare  Cliff 
(New  Zealand). 

2.  Mrmbtuttipoba  iconostaohts,  Busk.    (PL  YI.  figs.  3  &  6.) 
Memhratdpora  monostaehys^  Busk,  Brit.  Mus.  Cat.  p.  61,  pi.  Ixx. 
For  synonyms  see  Hincks,  Brit.  Mar.  Polyzoa,  p.  131. 

A  specimen  from  Napier  has  a  large  spine  helow  the  aperture  and 
numerous  smaller  ones  round  the  opesia.  The  ovicell,  which  has 
not  been  previously  seen  in  M.  monostachys,  is  subglobose,  with  a 
strong  rib  on  the  front  enclosing  a  subtriangular  or  suboval  space, 
which  is  divided  into  two  equal  parts  by  a  median  rib.  The  oviceU, 
in  structure,  somewhat  resembles  that  of  M.  auriia,  Hincks,  and  the 
raised  rib  on  the  ovicell  occurs  in  many  Memhraniporas,  such  as  M. 
lineaia^  M,  galecUa^  M.  unicomis^  M,  sophiasj  M.  drcwmclathrata^ 
M,  dentata^  &c.  This  differs  from  M.  lineata  in  having  a  large 
spine  below  the  opesia,  but  there  is  no  doubt  that  this,  M.  pihsa^ 
and  M,  pyrula,  Hmcks,  are  closely  allied.  The  ovicell  is  like  that 
of  M,  vfddemunita,  Hiucks.  Miss  Jelly  has  a  recent  specimen  from 
Napier  with  similar  ovicells. 

Loc.  Fossil:  Napier. 

3.  MsMBRAJTIPOItA  UVSATA,  L. 

In  a  fossil  from  Shakespeare  Cliff  the  zooecium  has  a  thick  border 
and  was  surrounded  with  spines.  The  oviceU  is  short,  and  between 
the  zooecia  there  are  interspersed  small  cells,  with  a  small,  round, 
or  elongate  opening ;  these  I  have  sometimes  called  blind  cells. 

The  form  of  the  ovicell  seems  to  indicate  that  this  is  M,  lineata  ; 
but  as  there  are  several  species  closely  allied,  it  is  difficult  to  speak 
wiih  certainty  in  such  a  case. 

4.  MsMBBAiriPOBA  Laoboixii,  And.,  var.  grawdis.    (PI.  VI.  fig.  1.) 
There  are  several  specimens  of  Memhranipora  from  Napier  which 

I  cannot  identify  with  certainty,  but  which  will  be  recognizable 
when  again  found.  The  opesia,  0*4  millim.  long,  is  oval,  occupying 
nearly  a  third  of  the  zccecia,  and  has  a  distinct  border  upon  which 
I  do  not  find  any  spines. 

The  space  between  the  zooecia  sometimes  bears  an  avicularium, 
but  more  often  is  divided  into  two  or  three  spaces,  sometimes  with 
punctures.  The  ovicell,  which  is  unknown  in  the  typical  M.  Laeroixii^ 
is  large,  raised,  globose. 

This  is  aUied  to  my  M.  tripunetata^  but  the  narrow  longitudinal 
band  between  the  zooecia  is  wanting. 

5.  Mbmbrakifora  DuMBRiLn,  Aud.    (PI.  YI.  fig.  4.) 

Fkatra  Dumerilii^  Aud.,  Savigny,  Descr.  de  I'Egypte,  pl.  x.  fig.  12* 
For  synonyms  see  Brit.  Mar.  Polyzoa,  p.  156. 
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Although  the  ovicell  is  wider  than  usnal,  I  think  this  most  ha 
regarded  as  M,  Dumerilii^  and  probably  the  number  of  synonyms 
should  be  largely  increased,  as  there  are  many  fossil  MemhraniporcB 
described  with  a  small  ayicularium  at  the  base  of  each  zocecium. 
In  a  recent  British  M,  Dumerilii  in  my  collection  there  is  also  a 
vicarious  avicularium  with  the  lower  part  wide  and  circular  and  the 
mandibular  end  narrow. 

A  curious  mistake  has  been  made  in  uniting  Cribrilina  PouiUetii 
to  this.  This  latter  is  pi.  iz.  fig.  12  of  Audouin ;  but  Alder  made  a 
slip  between  pis.  ix.  &  x.,  and  Busk  followed  him,  evidently  without 
verification. 

Loe.  Living :  European  seas.     Fossil :  Crag ;  Waipukurau. 

6.  MEKBBiiriPosA  KOBLLis,  £ss.     (PL  YI.  figs.  7  &  10.) 

Membranipora  nohilis,  Reuss,  Foss.  Polyp,  des  Wien.  Tertiar- 
beckens,  p.  98,  pi.  zi.  fig.  26. 

Zoarium  adnate.  Zooeda  oval,  surrounded  by  a  border ;  in  one 
or  two  cases  a  vicarious  avicularium  with  semicircular  mandible. 
Ovicell  small,  smooth,  with  a  border  round  the  central  portion. 

This  much  resembles  M.  Jlustroides,  Hincks,  in  shape  and 
character ;  but  in  the  fossil  the  avicularium  is  larger,  the  spines  are 
wanting,  and  the  ovicell  is  somewhat  deeper.  A  round  avicularium 
only  occurs  in  a  few  Memhraniporce,  such  as  M,  crassimarginata,  H., 
M,  lineata,  Manzoni  (Bry.  of  Castrocaro,  p.  11,  pi.  i.  fig.  6), 
M,  Jlustroides^  H. 

A  specimen  from  Napier  has  the  cells,  in  part  of  the  colony,  very 
elongate,  showing  that  M.  ovalis,  d'Orb.,  is  only  a  modification  of 
this  species. 

Loc,  Miocene:  Austerlitz.  Napier  and  Petane  (N.  Z.);  Mt. 
Gambier. 

7.  MsMBBAinposA  soLmiTLiL,  Alder  &  Hincks. 

Membranipora  solidula,  Hincks,  Proc.  Dublin  Univ.  Zool.  &  Bot. 
Assoc,  ii.  pt.  i.  (1860)  p.  75 ;  and  Brit.  Mar.  Polyzoa,  p.  168,  pi.  xx. 
figs.  7,  8. 

Membranipora  papulifera,  MacGiUivray,  Trans.  B^y.  Soc.  Vict, 
vol.  xviii.  p.  116. 

Bifiustra  papulifera,  MacGiUivray,  Zool.  of  Victoria,  decade  xi. 
p.  27,  pi.  106.  fig.  9. 

A  fossil  from  Shakespeare  Cliff,  growing  on  Entalopkora,  has  the 
zooBcia  plain,  suboval,  with  a  thick  crenulated  border,  and  a  globose 
ovicell,  which  is  shallow  and  smooth,  with  a  strong  thickened  ridge 
across  the  upper  part.  In  size  and  structure  of  the  ovicdl  this  is 
just  the  same  as  specimens  from  Hastings  and  Capri,  but  I  do  not 
find  any  nodules.  This,  however,  in  several  other  species  is  not  a 
constant  character.  A  specimen  from  Waipukurau  Gorge,  which 
was  sent  to  me  queried  as  M.  papulifera,  is  of  the  same  size  as  the 
one  from  Shakespeare  Cliff. 

Loc,  Living :  Antrim,  Guernsey,  Hastings  (JJ.),  Capri  (A,  TT.), 
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Port  Phillip  Heads  {MacQ.\  New  Zealand  {MisB  Jelly).     Fowil  : 
Shakespeare  Cliff  (Wanganui),  Waipukurau  Gorge. 

8.  MsMBRAiriPOBA  AKNTTLUB,  Manz.    (PI.  YI.  figs.  2,  5,  &  9.) 

Membranipara  annuluSj  Manzoni,  Bry.  foss.  Ital.  4a  cont.  p.  7, 
pL  i.  fig.  6  (?) ;  and  Bri.  di  Gastrocaro,  p.  12,  pi.  i.  fig.  9. 

Membranipora  dentata.  Waters,  Quart.  Joiim.  Geol.  Soo.  toI. 
xzxviii.  p.  263,  pi.  Tiii.  fig.  14. 

Membranipora  galeata.  Busk,  Brit.  Mus.  Cat.  p.  62,  pi.  IxY. 
fig.  6 ;  "Zool.  of  Kerguelen  Island,"  Phil.  Trans,  clxviii.  p.  195. 

There  are  a  number  of  closely  allied  forms  which,  through  yaria- 
tions  in  the  shape  of  the  opesial  opening,  often  differ  considerably  in 
appearance,  but  agree  in  having  a  central  avicularium,  supported  by 
two  strong  spines  on  each  side,  sometimes  ccrvicom,  and  an  oviccU 
widely  open  with  a  raised  line  arching  across  the  front,  a  short 
distance  above  the  opening,  enclosing  a  narrow  depressed  area. 
These  allies  are  M.  pattUa^  Hincks,  M.  cervicomis,  B.,  Flustrdlaria 
dentaiay  d'Orb. 

The  present  form,  which  I  at  first  thought  should  be  called  M. 
dentata,  d'Orb.,  has  usually  an  oval  opening ;  M.  patula  has  the 
lower  edge  straight :  M,  cervieomiSy  B.,  which  is  no  doubt  the  same 
■8  M.  perversa.  Waters,  fossil  from  Mt.  Gambier,  has  the  opesia 
usually  nearly  straight  above  and  rounded  below ;  but  in  a  large 
eolony  of  any  of  these  species  opesia  will  be  found  with  very  different 
shapes. 

In  the  New-Zealand  fossils  the  large  avicularium  on  the  ovicell 
is  directed  downwards  to  the  distal  wall. 

One  specimen  from  Napier  and  one  from  Waipukurau  are  bila- 
minate,  but  the  others  are  adnate.  We  have  also  seen  M.  cervi- 
comit  {perversa^  W.)  in  the  Vincutaria'ioTm,  Some  spocimens 
have  an  avicularium  below  the  opesia. 

An  examination  of  the  British-Museum  specimens  of  Membrani- 
pora galeata^  B.,  made  since  my  plates  were  prepared,  shows  that 
this  is  identical  with  the  fossil.  The  depressed  area  on  the  ovicell, 
which  Mr.  Busk  seems  to  have  overlooked,  is  very  marked  ; 
occasionally  there  are  two  avicularia,  and  the  cells  without  ovicells, 
with  the  avicularian  chamber  projecting  forwards,  exactly  resemble 
my  fig.  5. 

As  Mr.  Busk's  description  was  quite  insufficient,  it  will  be  best  to 
retain  Manzoni's  name. 

Loc.  Living :  Swains  Bay,  E.  Falkland,  in  4-10  fath.  {Darwin, 
fide^ttfjr).  Fossil :  Pliocene  of  Castell-Arquato,  Parlascio,  Orciano, 
Castrocaro  {M.)  ;  Mt.  Gambier  (Australia) ;  Napier,  Waipukurau 
and  Petane  (New  Zealand). 

9.  M£JCBBAKiPOBA  CERvicosKis,  Busk  (uon  Haswoll). 

Membranipora  cervicomis.  Busk,  Cat.  Mar.  Polyzoa,  p.  60,  pi.  c. 
fig.  3 ;  MacGillivray,  Zool.  of  Yictoria,  decade  iii.  p.  32,  pi.  xxv. 
fig.  8  ;  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  vii.  p.  153. 
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Memhranipora  perversa,  Waters,  Quart.  Jonm.  Geol.  Soc.  vol. 
xxxviii.  p.  264,  pi.  ix.  fig.  32. 

Amphiblestrum  cervicome,  Busk,  Rep. '  Challenger/  Polyzoa,  p.  66. 

Loc,  Living:  Williamsto-wn  (Victoria),  Curtis  Island  (ff.). 
Station  162,  38  fath.  (B.),  Bondi  Bay  (N.  8.  Wales),  Adelaide  and 
Port  Phillip  Heads  (A.  W.  W.  coU.).  Possil :  Mt.  Gambier  and 
Napier. 

10.  MsvBBANiPORA  spiNOSA,  Quoy  &  Gaimard.     (PI.  YIII.  fig.  32.) 
Flustra  spinoMj  Q.  &  G.  Voy.  de  1* Astrolabe. 
Memhranipora  eiliaia,  MacGillivray,  Trans.  R.  Soc.  Vict.  1868, 

p.  7 ;  ibid.  vol.  xviii.  p.  3,  fig.  11 ;  Zoology  of  Victoria,  decade  iii. 
p.  30,  pi.  XXV.  fig.  3. 

Memhranipora  spinosa^  Busk,  Trans.  Roy.  Soc.  vol.  clxviii.  p.  195, 
pi.  X.  fig.  3 ;  and  '  Challenger '  Report  on  the  Polyzoa,  p.  64 ; 
Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  vii.  p.  150. 

Chaperia  australis,  Jullien,  "Bry.  Cheil."  Bull.  Soc.  Zool.  1881, 
vol.  vi.  p.  1  (sep.). 

In  the  fossil  from  Napier  and  in  a  recent  specimen  from  New 
Zealand  there  is  an  elongate  lateral  chamber  on  each  side  below 
the  operculum,  and  a  similar  structure  occurs  also  in  M.  annulus^ 
but  rather  lower  down.  The  length  of  the  opesial  opening  is  in 
both  about  0*25  millim. 

Loc>  Living:  Victoria,  Kerguelen  Island,  S.  Patagonia,  N.  S. 
Wales,  New  Zealand.    Possil :  Napier,  N.  Zealand. 

11.  KEVBBAiripoBA  Flemotgii,  Busk. 

Memhranipora  FTemingii,  Busk,  Cat.  B.  M.  ii.  p.  58,  pi.  Ixxxiv. 
figs.  3-5  only ;  Hincks,  Brit.  Mar.  Polyzoa,  p.  162,  pi.  xxi.  figs.  1-3 ; 
Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xli.  p.  288. 

Iak.  Living :  Europe&n  Seas.     Possil:  Aldinga  (Australia),  Napier. 

12.  Membbanipoba  TBiroLinr,  S.  Wood. 

Por  synonyms  see  Hincks,  Brit.  Mar.  Polyzoa,  p.  167. 

The  fossil  from  Napier  has  zooecia  about  half  as  large  again  as 
specimens  in  my  collection  from  the  English  Crag. 

The  opesia  of  the  Crag  specimens  are  0*15  millim.  wide ;  these 
are  0*25  mm.,  and  M.  appendiculataj  which  is  related  (see  Q.  J.  G.  S. 
vol.  xxii.  p.  504),  has  the  opesia  about  0-4  millim.  wide.  I  am  much 
inclined  to  think  that  it  would  be  best  to  follow  Smitt  and  call  this 
M.  FUmingii,  var.  trifolium.  In  the  New-Zealand  fossil  the  ovicell 
is  fiatter  on  the  front  than  I  have  before  seen. 

Loe.  Living :  Northern  Seas.     Possil :  Crag,  and  Napier. 

13.  Membbaiopoba  occultata,  sp.  nov.     (PI.  VI.  figs.  12,  13,  and 
PI.  Vni.  fig.  40.) 

Zoarium  adnate.  Zooecia  quadrate,  sloping  inwards  towards  the 
opesia,  with  three  spines  on  the  upper  border.  Opesia  nearly 
straight  below,  rounded  above,  with  the  sides  nearly  straight,  and  a 
broad  serrated  edge  or  denticle  on  the  proximal  border.     In  the 
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older  parts  there  is  a  thick  calcareous  deposit  hetween  the  cells,  so  that 
the  mouth  is  buried  at  the  bottom  of  a  deep  cayemous  opening,  and  in 
the  raised  calcareous  part  there  are  numerous  triangular  avicularia. 

A  number  of  the  chief  characters  remind  us  of  Kkynchopora  pro- 
funda^  MacGiUivray (New  or  Little-known  Polyzoa,  pt.iii.  p.  2,  fig.  8), 
and  possibly  some  of  the  characters  are  hidden  by  the  calcareous 
growth  in  MacGillivray^s  specimen.  I  should  not  have  been  able  to 
make  out  all  the  characters  from  the  fossils,  but,  having  seen  them  in 
recent  specimens,  the  fossils  became  quite  clear. 

Loe,  Living :  New  Zealand.     Eossil :  Napier  (N.  Z.). 

14.  MONOPORELLA  GAPEKSIB,  Busk. 

Amphibhstrum  capemCj  Busk, '  Challenger  *  Eeport  on  the  Poly- 
zoa, p.  67,  pi.  xxiii.  fig.  3. 

Such  a  form  as  the  present  shows  at  what  a  great  disadvantage 
the  paheontologist  is  placed  in  consequence  of  being  unable  to  find 
out  the  form  of  the  Bryozoal  covers,  for  there  are  many  species  of 
Membranipora  resembling  the  present  species  in  the  shape  of  the 
opening ;  but  these,  such  as  M.  dentata^  M,  anguhsa,  &c.,  have  a 
small  opercular  aperture  in  the  membrane  covering  the  opesia.  In 
this  species,  on  the  other  hand,  the  opening  is  entirely  dosed  by  a 
subcircular  or  elliptical  operculum. 

In  a  recent  specimen  in  my  collection,  from  Algoa  Bay,  South 
Africa,  the  zoarium  is  erect,  cylindrical,  or  subcompressed,  just  as 
figured  by  Busk,  and  some  cells  have  the  two  spines  as  described  ; 
but  the  majority  are  without  spines,  and  in  none  of  the  fossils  do  1 
find  any  traces  of  them.  The  Napier  and  Waipukurau  fossils  are  both 
adnate,  whereas  the  one  from  8hakespeare  C^iff  is  a  fiat  bilaminate 
fragment.  Opesia  of  all  0*3  mm.  wide.  Both  Flustrellaria  tubu-- 
lota,  d'Orb.  (Pal.  Fr.  pi.  727.  fig.  10),  and  Bifiustra  Prazdki,  Novak 
(Bohm.  Ereide,  p.  18,  pi  iii.  figs.  20-25),  are  closely  allied  to  this. 

Loc.  Living  :  Simon's  Bay,  Gape  of  Good  Hope  {B,) ;  Algoa  Bay 
( IF.).     Fossil :  Waipukurau,  Wanganui,  and  Napier. 

15.  MOVOPOBBLLA  CAPENSIB,  B.,  Var.  DBNTATA,  UOV.     (PI.  VIII.  fig.  39.) 

There  is  a  specimen  from  Napier  which,  on  account  of  a  curious 
structure,  it  may  be  best  to  regard  as  a  variety.  In  the  upper 
part  of  the  zocecium  there  appear  to  be  two  denticles  extending 
some  little  distance  below  the  aperture,  but  these  are  only  a  pro- 
longation of  a  tube  from  one  zocecium  to  another ;  in  the  middle  of 
this  tube  is  the  rosette-plate.  The  distal  rosette-plate  is,  in  many 
cases  (as,  for  example,  Lepralia  foliacea),  in  the  middle  of  what  we 
may  call  a  rosette-tube ;  but  I  know  of  no  other  instance  in  which 
it  is  prolonged  in  this  way. 

16.  MoNOPosELLA  OBASSATOTA,  Waters.     (PL  VII.  fig.  15.) 
Monopordla  crassatina^  Waters,  Quart.  Journ.  Geol.   Soc.  vol. 

zxxviii.  p.  270,  pi.  vii.  fig.  8 ;  ibid.  vol.  xxxix.  p.  436,  and  vol.  xli. 
p.  291. 

Having  seen  a  recent  specimen  from  New  Zealand,  and  having 
a  J.  a.  &  No.  169.  K 
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a  fossil  with  a  very  largre,  much  raised  oviceil,  both  broader  and 
longer  than  the  length  or  width  of  a  zooecium,  I  now  think  that  I 
made  a  mistake  in  uniting  Lepralia  japonica  of  Busk  with  this 
species,  although  they  are  no  doubt  closely  allied. 

The  operculum  of  the  recent  specimen  from  New  Zealand  is  thick, 
membranous,  not  cUitinous,  except  at  the  borders,  and  has  two 
lateral  projections  directed  towards  the  basal  wall  of  the  zooecium, 
showing  similarity,  in  this  respect,  to  Membranipora  and  Cellaria. 
It  is  about  0-35  mm.  wide. 

Loe,  Living:  New  Zealand  {A,  W,  W,  coll.).  Fossil:  Mount 
Gambier,  Waum  Ponds,  Aldinga  and  River-Murray  Cliffs  (Aus- 
tralia), Napier,  Waipukurau  and  "  Whakati "  (New  Zealand). 

17.  MONOPORELLA  DISJXiyCTA,  MaUZ.      (PI.  VI.  fig.  8.) 

Lepralia  disjuncta^  Manzoni,  Bry.  Plioc.  Ital.  cont.  la,  Denkschr. 
Ak.  Wissensch.  Wien,  vol.  Ht.  1869,  p.  5,  pi,  i.  fig.  8,  and  Bri,  del 
Plioc.  di  Castrocaro,  p.  26,  pi.  iii.  fig.  35. 

'i  Lepralia  urceolata,  Hutton,  Manual  of  New  Zealand  Moll.  1880, 
p.  192. 

?  Lepralia  Auingeri,  Bas.  Eoss.  Bry.  (Est.  Ung.  p.  166,  pi.  viii. 

Zoarium  adnate.  Zoocia  subovato,  distinct,  not  very  much  raised, 
surface  covered  with  very  minute  granulations.  Four  sf)iQCs  above 
the  oral  aperture,  which  is  large,  rounded  above,  straight  below 
(0-25  mm.  wide). 

This  I  at  first  called  Monoporella  crassniina^  W.,  var.  micrograna, 
but  it  seems  to  bo  identical  with  the  disjuncta  of  Manzoni,  and  this 
and  the  last  species  no  doubt  are  related  to  M,  polita^  Norm. 

Loe.  Living :  New  Zealand  ?  Fossil :  Pliocene,  Castell-Arquato, 
Castrocaro  (Italy) ;  Napier  (Now  Zealand). 

18.  MONOPOBELLA  WAIPtriTTBEKSIS,  Sp.  nOV.       (PI.  YI.  fig.  11.) 

Zoarium  adnate.  Zooecia  oblong,  distinct,  arranged  in  parallel 
series.  Oral  aperture  (0*15  mm.)  about  half  or  a  third  of  the 
width  of  the  zooecium,  straight  below,  rounded  above,  with  an  umbo 
below  the  aperture.  Ovicell  small,  globular,  raised;  surface  of 
zocecium  and  ovicell  punctured. 

The  figure  of  Lepralia  ruhens,  Stimpson,  looks  like  this  species, 
^nd  the  fossil  is  no  doubt  closely  allied  to  Cyclicopora  pralonga^ 
Hincks  ;  but  from  comparison  of  specimens  in  my  collection  they  do 
not  seem  to  be  identical. 

Loc,  Napier,  Waipukurau  cutting,  and  Trig's  Station. 

19.  Steoai7opobella  i^EOZELAiriCA,  Busk. 

Vincularia  neozelanica^  Busk,  Quart.  Joum.  Micr.  Sci.  n.  s.  vol.  i. 
p.  156,  pi.  xxxiv.  fig.  5. 

Steganoporella  neozelanica,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  6, 
vol.  ix.  p.  82,  pi.  V.  fig.  9. 

It  is  exceedingly  difficult  to  distinguish  S.  magnilahrxs  and  S, 
neozelanica  without  the  opercula,  and  the  determination  of  fossils 
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therefore  requires  great  care.  In  S,  magnilahris  the  shelf  at  the 
upper  part  of  the  opercular  opening  is  much  wider  than  in  S»  neo^ 
zelaniea^  in  which  it  is  usually  quite  rudimentary ;  the  lip  is  also 
wider  and  much  raised,  forming  a  support  for  the  base  of  the  oper- 
culum. The  tubular  passage  is  also  more  distinct  in  S.  magnilahris. 
None  of  these  characters  are  very  satisfactory,  as  they  are  all  sub- 
ject to  more  or  less  variation.  The  fossils  from  Curdies  Creek, 
Mount  Gambier,  Bairnsdale.  Batesford,  and  Murray  Cliffs  (Aus- 
tralia) all  show  the  magnilahris  characters ;  but  a  further  exami- 
nation of  the  Waipukurau  and  Petane  fossils  shows  that  they  are 
iS.  neozelanica  in  the  Z^praZm-stage. 

Loc.  Living :  New  Zealand.  Possil :  Waipukurau,  Petane,  and 
Napier  (New  Zealand). 

20.  MiCROPORA  LEPiDA,  Hincks. 

Monojporella  Upida,  nincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  viii. 
p.  59,  pi.  ii.  fig.  2. 

The  fossil  from  Napier,  New  Zealand,  corresponds  in  size  with  a 
recent  specimen  from  New  Zealand.  The  oral  aperture  in  both  is 
0- 1-0-12  mm. 

Loe.  FossD  :  Napier.  Living:  Curtis  Island  (IT.);  New  Zealand 
(E.  C.  J.). 

21.  MiCROPORA  VARIPERFORATA,  Sp.  nOV.      (PI.  VIII.  fig.  27.) 

This  species  has  caused  roe  great  difiiculty,  as  there  are  appar- 
ently two  Australian  and  New-Zealand  species,  or  varieties,  most 
closely  allied,  and  on  none  of  the  characters  alone  could  the  separa- 
tion be  made.  The  first  of  these  two  is  slightly  the  larger,  but 
has  a  narrower  operculum  (0*12  mm.),  relatively  longer  from  the 
proximal  to  the  distal  edge,  with  lateral  hinges  as  in  Mtmhranipora, 
and  the  whole  surface  is  similar  in  texture  ;  there  are  two  lateral 
spines.  The  ovicell  is  large  and  not  much  raised,  and  the  oral 
aperture  of  the  ovicelligerous  zooecia  is  larger  than  that  of  the  non- 
fertile  one<<.  On  each  side  a  little  below  the  orifice  there  is  a  large 
circular  perforation,  and  in  some  specimens  many  zooecia  have  a  few 
supplementary  pores,  usually  smaller,  round  the  edge  of  the  cell ;  the 
avicularium  is  smaller  than  in  the  following  form,  and  the  mandible 
has  a  small  central  opening. 

This  is  Membranipora  sUnostoma,  Busk  (Cat.  Mar.  Polyzoa,  p.  60^ 
pi.  c.  fig.  1),  but  the  insufficient  description  has  made  it  impossible 
to  be  sure  what  was  meant,  and  therefore  the  name  must  be  dropped 
ajB  it  has  since  been  more  fully  described  as  M,  perforata^  MacG. 
The  aperture  of  the  ovicelligerous  zooscium  is  figured  by  Busk  larger 
than  that  of  the  other  zooecia ;  but  no  difference  in  size  is  mentioned ; 
his  figure  has  been  drawn  from  a  specimen  covered  with  an  in- 
tegument, and  the  large  openings  on  each  side  have  been  over- 
looked, although  they  are  very  distinct  in  the  Museum  slide. 

The  second  form,  which  1  now  separate  with  some  doubt  and 
eall  variperforata,  on  the  other  hand,  has  an  operculum  0*14  mm. 
wide,  with  the  upper  half  the  thickest  and  the  lower  composed  of 
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two  layers ;  the  ayicularium  is  smaller,  but  the  opening  on  the 
mandible  is  larger  ;  the  ovicell  is  smaller  and  more  concealed. 
In  this  also  there  is  a  similar  perforation,  and  also,  in  some  cases, 
others  roond  the  edge  of  the  ceU ;  but  this  seems  to  be  rare. 

The  fossils  from  Napier,  Waipukurau,  **  Whakati,"  and  Trig's 
Station  agree  with  this  last ;  and  while  some  specimens  may  have 
an  avicularium  to  almost  every  cell,  in  others  they  are  seldom  found, 
and  in  one  case  they  seem  to  be  altogether  absent.  In  many  zooecia 
there  is  a  projecting  boss,  which  seems  to  be  imperforate,  replacing 
the  ayicularium. 

These  two  forms  are  evidently  closely  allied  to  M,  coriaeea,  but 
differ  in  not  having  a  knob.  The  "  knob  **  of  M.  coriacea  forms  a 
chamber  which  communicates  with  the  interior  by  means  of  a  rosette> 
plate.  (I  have  already,  in  a  Report  to  the  British  Association  on 
the  Naples  Zoological  Station,  1880,  pointed  out  that  rosette-plates 
occur  at  the  base  of  the  spines  of  Meinh,  cervicomis,)  It  is  also 
allied  to  Micropora  hpida,  Hincks,  to  which  it  is  very  similar  in 
appearance  when  there  is  a  row  of  pores  round  the  edge.  The 
mandible  of  M.  coriacea  has  a  central  ridge  from  the  beak,  and  the 
same  structure  is  seen  in  the  other  two  species. 

22.  Membbaniporblla  nitida,  Johnst.,  var.     (PL  VII.  fig.  18.) 

There  are  two  fossil  specimens  from  Waipukurau,  which  diflter  from 
recent  ones  from  "  New  Zealand  "  only  in  having  four  spines,  and 
this  is  probably  not  a  very  important  character.  The  lower  lip  is 
thickened,  and  this  is  the  case  in  a  recent  specimen  from  Capri ; 
the  ovicell  has  often  more  or  less  of  a  keel,  and  has  a  ridge  which 
cuts  off  the  lower  part,  and  in  this  respect  resembles  M,  dtstans,  Mac- 
GiUivray  (Descrip.  of  New  or  Little-known  Polyzoa,  pt.  2,  pi.  ii. 
fig.  5).  In  the  fossils  there  are  no  avicularia,  whereas  in  a  recent 
specimen  of  this  variety  from  New  Zealand  there  is  a  large  spatulate 
vicarious  avicularium,  like  that  figured  by  Busk  for  CHhriUna  pkUo- 
tnelay  var.  adnata.    The  costse  vary  from  five  to  eight  on  a  side. 

We  seem  now  to  have  various  links,  recent  and  fossil,  between 
CJigtdariSy  C.  philomela,  and  MemhraniporeUa  nitida,  and  there  is 
no  hard  and  fast  line  between  Crlbrilina  and  Membranipordla. 

Loc»  Living :  New  Zealand.     Fossil :  Napier,  Waipukurau. 

23.  Cbh^bilina  monooebos,  Busk  (non  Keuss). 

L&pralia  monoceros.  Busk,  Brit.  Mus.  Cat.  p.  72,  pi.  sciii.  figs.  5 
and  6  ;  MacGiUivray,  Zool.  of  Victoria,  decade  iv.  p.  32,  pi.  38. 
figs.  1  and  2;  Ridley,  Zool.  Coll.  'Alert,'  Proc.  Zool.  Soc.  1881, 
p.  61. 

CribrUina  monoceros^  Hincks,  Ann.  &  Mag.  N.  H.  ser.  5,  vol.  viii. 
p.  57,  pi.  iii.  ^g,  6,  and  vol.  xiv.  p.  279,  pi,  viii.  fig.  5  ;  Waters, 
Q.  J.  Q-eol.  Soc.  vol.  xxxviii.  p.  507 ;  Busk,  Rep,  of  *  Challenger ' 
Polywa,  p.  133,  pi.  xix.  fig.  8. 

In  the  Napier  fossil  the  size  of  the  aperture  corresponds  with  that 
of  recent  specimens  and  of  the  Baimsdale  fossil.     In  a  recent 
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specimen  from  Fort  Western  i^ere  are  lateral  dentides  and  a  cod« 
traction  some  distance  down  the  aperture,  which  may  represent  the 
teetb^  which  are  so  marked  in  the  Baimsdale  fossil,  but  have  not 
been  found  elsewhere.  I  belieye  that  L,  m(^iMoero%  and  L,  larvdlu 
MacOiUivray  are  entirely  different. 

Loe.  living  :  Straits  of  Magellan,  10-20  fath.,  Tierra  del  Puego, 
19  £ath.,Falklandl8land8, 4-10  fath.,Cape  Horn,  40  fath.  (B.);  EUza- 
beth  Mand,  6  fath.,  Sandy  Point,  7-10  fath.,  Tom  Bay,  0-30  fath. 
(iJ.j;  Bass's  Straits  (IT.);  Warmamboul  (MaeO.);  «ChaUenger:* 
station  163 ;  Port  Jacksou,  35  fath. ;  st.  303, 1325  fath. ;  st.  235, 
N.  Pacific,  3125  fath. ;  st.  315,  12  fath.  Fossil :  Baimsdale 
(Yictoria)  in  Eschara-form,  I^apier  (N.  Zeal.)  adnate,  Petane. 

24.  CmsBiLiNA  FiOTiLABis,  Johust. 

CrUmlina  figulariSy  Waters,  Quart.  Journ.  Geol.  Soc.  toI.  xK. 
p.  293. 

Specimens  from  Waipukurau  are  yery  distinctly  carinate  down 
the  centre,  and  there  is  a  considerable  margin  of  smooth  cell ;  the 
oTicells  are  those  characteristic  of  figularis,  but  I  do  not  find  any 
avicnlaria.     Perhaps  this  is  Lepralia  Haueriy  Bss. 

Loe.  living :  European  Seas,  Marion  Islands,  and  Heard  Islands. 
Foesil :  Crag ;  River-Murray  ClifGs,  Waipukurau. 

25.  Cbibbilika  badiata,  Moll,  var.  Eitdughe&i,  Ess. 

Lepralia  EndUcheri^  Eeuss,  Foss.  Polyp.  Wien,  p.  82,  pi.  ix. 
fig.  27,  and  Foss.  Bry.  (Est.  Ung.  Mioc,  Denkschr.  Ak.  Wissensch. 
Wien,  vol.  zxxiii.  p.  171,  pi.  i.  fig.  9. 

A  fossil  from  Napier  Harbour  has  short,  broad,  oval  zooeoia  with 
very  solid  shell.  The  ribs  are  irregular,  usually  6  or  7  on  a  side. 
The  oral  aperture  is  larger  (0*15  mm.)  than  that  of  typical  G.  radiata^ 
and  below  it  there  is  a  distinct  raised  tubular  pore  surrounded  by 
a  border,  so  that  it  appears  marsupiate.  The  ovicell  is  about  the 
width  of  a  zooecium,  and,  as  far  as  can  be  judged,  this  has  a  radiate 
structure.  The  L.  Endlieheri  of  Eeuss  has  been  found  in  several 
Miocene  localities  of  Austria  and  Hungary. 

26.  MiCBOPOSELLA  GILIATA,  Pall. 

Esehara  ciliata,  PalL  Elench.  p.  38,  and  for  synonyms  see  Hinoks^ 
Brit.  Mar.  Polyzoa,  p.  206. 

Lepralia  calahray  Seguenza,  '' Formazioni  Terziarie,"  Accad. 
lincei,  cclxxvii.  p.  201,  pi.  xv.  fig.  6. 

The  fossil  from  Trig's  Station  has  a  large  round  suboral  pore  on  a 
prominent  macro,  and  the  avicularian  opening  is  nearly  round; 
surface  punctured.  Oral  aperture  0*1  mm.  wide,  with  six  spines. 
This  form  is  the  Lepralia  pleuroporaf  Ess.  Foss.  Bry.  CEst.  Ung. 
Mioc.  p.  153,  pl.'iv.  fig.  11. 

The  specimens  from  **  Whakati  "  and  Napier  have  a  smaller  round 
or  lunate  suboral  pore  with  larger  avicularian  (vibracular)  opening, 
and  the  avicularian  chamber  forms  a  tube  or  tunnel  with  the  opening 
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directed  towards  the  centre  of  the  zooBcium.  This  form  is  the 
M,  calabra  of  Segaenza. 

The  specimen  from  Waipukuran  has  rather  smaller  zooecia  than 
the  others,  hut  the  oral  aperture  of  all  is  ahout  0*1  mm.  wide. 

Loe.  Living :  Cosmopolitan.  Possil :  Miocene,  Austria  and  Hun- 
gary ;  Pliocene,  Italy  and  Sicily,  English  Crag,  Mount  Gamhier 
(Australia),  Napier,  Waipukurau,  and  Trig's  Station  (New  Zealand). 

27.  MiCBOPOBEiXA  MALTJsn,  And. 

Micropordla  Mahisii,  And.,  Waters,  Q.  J.  Geol.  Soc.  vol.  zzziz. 
p.  437. 

hoc.  Living :  European  seas,  S.  America,  N.  Zealand,  Australia. 
Fossil :  English  Crag,  and  Pliocene  of  Italy,  Bird  Rock  (Victoria), 
Napier,  Petane  (N.  Zealand). 

28.  MiCBOPOBELLA  (?)   MACROPOBA,  Stol. 

Lepralia  macropora,  Stoliczka,  Olig.  Bry.  von  Latdorf,  p.  84,  pi.  ii. 
fig.  3;  Sitz.  Ak.  Wien,  Math.-nat.  CI.  Bd.  xlv.  Ahth.  i.  1862. 

Escharipora  steJlata,  Smitt,  Ploridan  Bryozoa,  p.  26,  pi.  vi. 
figs.  130-133. 

Microporella  macropora.  Waters,  Quart.  Joum.  Geol.  Soc. 
vol.  xxxviii.  p.  267,  pi.  viii.  ^g,  18. 

Microporella  stellata,  MacGillivray,  "  New  or  Little-known 
Polyz."  pt.  2,  Tr.  Roy.  Soc.  Vict.  vol.  xix.  p.  131,  pi.  i.  ^g.  4. 

The  fossil  from  Waipukuran  has  an  avicularium  at  each  side  of 
the  aperture,  and  should,  as  I  have  before  pointed  out,  perhaps  be 
called  var.  hiarmaia  on  that  account ;  and  I  have  again  to  repeat 
that  although  no  suboral  pore  is  known,  the  general  characters  are 
those  of  Microporella,  the  genus  in  which  Professor  MacGillivray 
has  also  placed  it. 

Loc.  LiviDg:  Port  Phillip  Heads  (MacO.);  Port  Phillip  (T^.); 
Florida  (Sm,),  Fossil :  Miocene,  Latdorf  (with  one  avicularium) ; 
Waipukurau. 

29.   MiCBOPOBELLA  DECOBATA,  RsS.,  Var.  A17GT7STIPOBA,  HlUcks. 

Microporella  diadema,  MacG.,  form  angustipora,  Hincks,  Ann. 
&  Mag.  Nat.  Hist.  ser.  6,  voL  xv.  p.  249,  pi.  viii.  fig.  3. 

MacGillivray  and  Hincks  have  made  several  varieties  of  M.  dia- 
dema ;  but  it  seems  to  me  that  they  should  be  called  varieties  of 
M.  decorata,  Rss.  In  the  typical  M.  decoratu  the  avicularium  is 
directed  directly  distally,  and  in  the  recent  forms  there  is  consider- 
able variation,  as,  for  example,  between  var.  lata  and  var.  lunipunctaj 
MacG. 

In  a  fossil  specimen  of  the  typical  M.  decorata,  from  Vigna  di 
Mare,  near  Reggio,  Calabria,  the  shape  of  the  ovicell  is  the  same  as  in 
var.  diadema  and  lunipuncta,  and,  so  far  as  the  state  of  preservation 
aUows  of  comparison,  the  other  characters  are  the  same. 

It  seems  to  me  that  we  shou]d  divide  this  group  into  M,  decorata, 
Rss.,  typica ;  var.  diadema,  MacG. ;  var.  angustipora,  Hincks ;  var. 
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lunipuncta,  MacG. ;  var.  longispina^  MacG. ;  yar.  Zate,  MacG. ;  var. 
canalieulata,  MacG. 

Loc.  Living :  New  Zealand.  Possil :  Waipukurau,  Napier,  Petane, 
and  Trig*s  Station  (New  Zealand). 

30.  MiCBOPOKELLA  KAONIBOSTRIS,  MacG. 

Lepralia  magnirostris,  MacGillivray,  Trans.  Koy.  800.  Vict, 
ToL  xix.  p.  134,  ^g.  6. 

MicroportUa  9iia^iro«^m,  Waters,  Quart.  Joam.Geol.  80c.  vol.  xli. 
p.  296. 

Microporella  introversa,  Waters,  Quart.  Journ.  Geol.  Soc.  yol. 
xxxviii.  p.  268,  pi.  ix.  figs.  33,  34. 

Porina  magnirostriSy  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  xiv.  p.  279. 

Both  specimens  from  Waipukurau  are  in  the  ^cAaro-stage,  and 
in  the  one  from  <*W.  cutting''  it  forms  a  contorted  undolating 
anastomosing  mass. 

Loc.  Living :  Port  Phillip  Heads.  Fossil :  Mt.  Gambler,  Biver- 
Mnrray  Cliffs,  Waipukurau  and  ^'  Waipukurau  cutting." 

31.  MUCBONELLA  MUCBO^TATA,  Smitt. 

MttcroneUa  muci^onata^  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  zli. 
p.  293. 

Loc.  Living :  Florida.  Fossil :  Curdles  Creek,  Mt.  Gambler, 
Baimsdale,  Muddy  Creek,  and  Murray  Cliffs  (Australia),  Napier 
(New  Zealand). 

32.  MucBOHZLLA  iTiiiDA,  YerriU. 

For  synonyms,  see  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  zli. 
p.  293,  to  which  add 

Smittia  reticulata^  var.  spathulata,  MacGillivray,  Trans.  Boy. 
80c.  Victoria,  vol.  xix.  p.  135,  pi.  iii.  fig.  14. 

Smitiia  reticulata,  MacG.,  var.,  Hincks,  Ann.  &  Mag.  Nat.  Hist. 
ser.  5,  vol.  viii.  p.  64. 

Although  MacGillivray  describes  his  variety  as  with  spathulate 
svicularia,  the  avicularium  figured  can  scarcely  be  called  spathulate, 
and  in  the  shape  there  seems  to  be  great  variability.  I  have  speci- 
mens from  Bapallo  (N.  Italy),  and  Victoria  (Australia),  in  which 
the  large  avicularia  are  broadly  ligulate,  while  the  small  avicularia 
are  oval  and  have  rounded  ends.  In  all  cases,  the  avicularium  on 
one  side  is  lai^,  on  the  other  small,  and  the  name  irurqualis,  which 
I  gave  to  the  Neapolitan  specimen,  calls  to  mind  the  most  important 
character. 

Loc.  Living:  Vineyard  Sound  and  Long  Island  Sound  (V.); 
Africa  (If,);  Victoria  Bank,  S.E.  Brazil,  32  fath.  {Ridley);  Victoria, 
Baas's  Straits  {Hincks)  ;  Naples  and  Bapallo  ( Waters).  Fossil : 
English  Crag  {W.)\  Baimsdale  {Qijypsland),  Biver-Murray  Cliff 
{Smith  Australia) ;  Waipukurau,  Napier,  and  Tommy  Gully  (New 
Zealand). 
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33.  MuoBoirsLLA  p&auTAirB,  Hinoks. 

Mucronella  prcestans,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  X.  p.  99,  pi.  vii.  fig.  1. 

Mucronella  duplicata,  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xxxvii. 
p.  328,  pi.  xvi.  fig.  54,  and  vol.  xxxviii.  p.  266. 

The  fossils  from  Waipukurau  are  surrounded  with  large  pores,  as 
in  the  Curdies-Creek  specimen,  and  some  cells  have  similar  avicu- 
laria,  but  they  do  not  occur  in  all.  My  M.  duplicata  was  described 
from  a  fragment  of  only  a  few  cells,  and  although  I  also  referred  to 
a  recent  specimen  sent  over  by  Mr.  Hutton  as  Lepralia  variolosa^ 
and  gave  particulars,  it  may,  perhaps,  be  best  to  break  the  rule 
concerning  priority  and  adopt  Mr.  Hincks^s  name. 

This  is  allied  to  M.  eoccinea^  but  differs  in  the  larger  ovicell,  which 
is  not  recumbent. 

Loe.  Living:  New  Zealand.  Fossil;  Curdies  Creek  (S.W. 
Victoria) ;  Mt.  Gambier  in  Ftncu^ana-stage ;  Waipukurau,  Petane 
marls. 

34.  Mucronella  Pbaohii,  Johnst. 

This  occurs  fossil  from  Napier  and  probably  the  other  localities  ; 
but  in  the  fossils  it  is  very  difficult  to  always  distinguish  between 
this  and  the  following  variety,  which  is  common. 

35.  MTTCBOJrBLLA  PEAOHn,  VaT.  OCTODBNTAIA,  Hiucks. 

Muorondla  Peackii,  var.  0,  octodentata,  Hincks,  Brit.  Mar.  Polyzoa, 
p.  361,  pi.  li.  fig.  2. 

Mucronella  teres,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  viii. 
p.  65,  pL  ii.  fig.  5.  I 

Mucronella  spinosissima,  Hincks,  he.  cit,  pi.  iii.  fig.  2. 

"^Mucronella  ventricosa,  var.  multkpinata.  Busk,  'Challenger' 
Keport  on  the  Polyzoa,  p.  160,  pi.  xxii.  fig.  11. 

?  MucroneUa  Icpvis,  MacGillivray,  Trans.  Roy.  Soc.  Victoria, 
vol.  xix.  p.  136,  pi.  iii.  ^g.  16. 

Lepralia  arrecta,  Rss.  Br}\  (Est.  Ung.  Mioc.  p.  24,  pi.  ii.  fig.  11. 

This  is  a  common  fossil  from  Waipukurau.  The  zoarium  is  adnata, 
with  distinct,  raised,  ovate,  smooth  zooecia ;  peristome  raised  all 
round,  with  about  eight  spines  on  the  upper  part,  and  a  broad  flat 
denticle  in  the  oral  aperture  directed  downwards  (towards  the 
neural  wall) ;  this  dentide  closes  about  one  third  of  the  aperture. 
Usually  a  row  of  pores  round  the  border  of  the  zooecium.  Ovicell 
small,  globular,  smooth,  recumbent. 

Perhaps  this  should  be  called  M.  Orotriana,  Stol.  (see  Keuss, 
Fauna  Sept.  p.  57,  pi.  vii.  ^g,  1 ;  Denkschr.  Ak.  Wissensch.  vol.  xxv. 
p.  173,  pi.  vii.  fig.  1),  which  only  difiers  in  the  absence  of  spines. 
L.  Homesiy  Eeuss,  is  also  closely  allied. 

Loc.  Living:  Shetland  (A.  M,  iV.) ;  Capri  {A,  W,  TT.);  Curtis 
Island  {H.) ;  Station  148,  and  Prince  Edward's  Island,  80-120 
fath.  (jB.)  ;  New  Zealand  species  sent  by  Miss  Jelly.  Fossil :  Wai- 
pukurau, Trig's  Station  (Tanner's  Run),  and  Napier  (N.  Zealand). 
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38.  MucBOHiLLA?  ALVABBziAKA,  d'Orb.     (PI.  VII.  figs.  24,  26.) 

Eaehariwi  alvaresdana^  d'Orb.  Voyage  dans  F  Amerique,  t.  v.  p.  14, 
pL  Ti.  figs.  1^  4. 

Lepralia  alata^  Busk,  Cat.  Mar.  Polyzoa,  p.  71,  pL  Ixxix.  fig.  3. 

MuertyneUa  cdvarezi,  Jullien,  "  Br>'.  Cheil."  Bull.  Soo.  ZooL  1881, 
p.  5. 

Two  specimens  from  Waipukuraa  have  snbhexagonal  zocdoia,  with 
radiating  grooves  on  the  front  and  a  very  prominent  umbo  in  the 
centre,  a  small  avicularium  or  vibraculum  on  each  side  about  the 
middle ;  a  row  of  large  pores  round  the  edge  of  the  zooecium 
situated  between  the  grooves.  Above  the  oral  aperture  4-6  spines. 
Oral  aperture  about  0*1  mm.  wide,  rounded  on  the  distal  edge, 
nearly  straight  below,  forming  a  semicircle;  the  lower  edge  is 
minutely  serrated,  with  three  small  teeth  in  the  centre ;  on  each 
side  of  tiie  aperture  a  denticle  directed  inwards. 

This  differs  from  L.  dlata^  as  described  by  Busk,  in  the  number 
of  spines,  and  his  description  leaves  us  in  doubt  as  to  the  aperture ; 
and  merely  from  the  fossil  it  is  impossible  to  be  quite  sure  as  to  the 
genus.  As  Lepralia  alata  has  never  been  returned  to  the  British 
Museum,  I  have  been  unable  to  make  a  direct  comparison. 

Loe.  Cape  Horn,  40  fath.  (B.) ;  Peru  (d'O,) ;  Valparaiso  (J.), 
Fossil :  Waipukurau,  Trig's  Station,  and  "  Whakati." 

37.  MXTCBONELLA.  TBICITSPIS,  Hiucks. 

MucroneUa  trieuspis,  Kincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
voL  viii.  p.  66,  pi.  iii.  ^g.  1. 

Mucrondla  munita^  MacGillivray,  Trans.  Roy.  Soc.  Victoria, 
vol.  xix.  p.  136,  pi.  ii.  fig.  10. 

A  specimen  from  Petane  has  a  row  of  pores  round  the  edge,  and  the 
peristome  rises  less  suddenly  out  of  the  zooecium  than  in  my  recent 
specimen.  There  are  lateral  acute  avicularia,  the  ovicell  is  recum- 
bent, and  the  fossil  most  nearly  corresponds  with  MacGillivray's 
figure. 

Loc.  Living:  Curtis  Island  (H.);  Port  Phillip  Heads  and  New 
Zealand  (ifac(7).    Eossil:  Petane. 

38.  MucBoviXLA    iBicuspis,    Hincks,   var.   WAXPTnaxBENSis,    nov. 
(PL  Vm.  fig.  30.) 

There  is  a  worn  fossil  ^m  Waipukurau,  which,  upon  comparison 
with  M.  trtcuspiSf'KinikB,  turns  out  to  be  of  the  same  size,  and  cor- 
responds with  it  in  the  screen-like  elevation,  in  both  cases  enclosing 
two  tubes,  as  mentioned  on  page  59.  In  the^  fossil,  however,  the 
slender  lateral  mandibles  are  wanting ;  but  there  have  been  small 
and  apparently  nearly  round  avicularia  near  the  base  of  the 
zooecia. 

39.  MucRONKLLA    POKosA,  HLucks,  var.  minima,  nov.     (PL  VIII. 

fig.  31.) 
A  fossil  from  Petane  has  the  upper  part  of  the  zooDcium  thickened 
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and  raised,  and  below  this  large  pores  on  the  surface  of  the  zooecia. 
There  is  a  raised  snboral  avicularium  directed  laterally,  and  some- 
times also  a  small  round  avicularium  at  the  side  of  the  aperture. 
Ovicell  almost  concealed  in  the  zooecium  above.  The  oral  aperture 
is  about  0*16  mm.,  whereas  in  recent  specimens  of  M.  porosa  from 
Port  Phillip  it  is  0-33  mm. 

40.  MUCRONBLLA  (?)    LlVERSII)QISI,  T.-Woods. 

Esehara  Liver sidgei,  T.-Woods,  Some  Tert.  Australian  Polyzoa, 
Roy.  Soc.  of  N.S.W.  1876,  p.  3,  figs,  xi.,  xii.,  xiii. 

A  fossil  from  Waipukurau  has  the  proximal  edge  of  the  aperture 
nearly  straight,  the  distal  rounded,  and  a  little  distance  down  the 
aperture  there  is  a  semicircular  ridge  which  almost  divides  it  into 
two  parts.  This,  I  believe,  is  the  lower  edge  of  the  concealed 
ovicell,  as  we  sometimes  see  it  in  Cellaina, 

Just  below  the  oral  aperture  there  is  a  much  raised  protuberance, 
and  on  each  side  of  this  a  large  semicircular  pore  ;  below  the  pro- 
tuberance there  is  a  large  round  pore,  below  which,  again,  there  is 
usually  a  small  one,  which  may  be  elongate. 

'Loc»  Possil:  Meant  Gambier  {Woods),  Waipukurau. 

41.  MUCRONZLLA  FIEMATA,  Sp.  UOV.      (PI.  YII.  ^g.  20.) 

Zoarium  adnate.  Zooecia  broadly  ovate,  distinct,  raised,  coarsely 
punctured  over  the  entire  surface.  Orifice  almost  semicircular,  with 
a  square  tooth  on  the  lower  margin ;  peristome  formini;  a  broad 
thickened  border  round  the  upper  part  of  the  orifice,  and  thickened 
at  each  side  near  the  base. 

This  differs  from  Phylacttlla  lahrosa,  B.,  in  having  no  raised 
peristome  below  the  mouth. 

Loc.  Possil :  Napier  and  Waipukurau. 

42.  Smittia  reticulata,  MacQ. 

A  badly-preserved  Smittia  from  Whakati  seems  to  be  S.  reticulaia. 

43.  Smittia  Landsborovii,  Johnst. 

Lepralia  Landsborovii,  Johnst.  Brit.  Zooph.  ed.  2,  p.  310,  pi.  liv. 
fig.  9. 

Loc.  Living :  Arctic  and  British  seas,  Mediterranean,  Australia. 
Possil :  Hiver  Murray  Cliffs  (Australia);  Petane  (New  Zealand). 

44.  SniTTiA  BiiNCiSA,  Waters,  var.  bictjspib,  Hincks. 

MucTonella  bicmpis,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  xi.  p.  110,  pi.  vii.  fig.  2. 

The  fossil  from  Mount  Gambier  (Quart.  Joum.  Geol.  Soc.  xxxviii. 
p.  272,  pi.  vii.  ^g,  1)  has  the  avicularia  moro  raised  and  has  more 
large  pores ;  but  I  have  a  recent  specimen  from  New  Zealand  with 
more  pores  than  Mr.  Hincks  figured,  and  with  the  avicularia  more 
raised.  The  denticle  ranges  from  being  deeply  deft  to  being 
expanded  and  nearly  flat  at  the  tip. 

In  the  important  characters  the  two  are  unmistakably  allied. 
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and  it  is  with  some  hesitation  that  I  make  a  variety  of  the  New- 
Zealand  fossil  and  recent  specimens. 

Loc.  Living  :  New  Zealand.    Fossil :  Waipukurau. 

45.  Smittia  NAPiERn,  Waters. 

Smittia  Napieniy  Waters,  Quart.  Jonrn.  Geol.  8oc.  vol.  xxxiz 
p.  438,  pi.  xii.  fig.  14,  i 

It  has  been  thought  that  this  was  the  Mucronella  iricuspis  of 
Hincks  (Ann.  &  Mag.  N.  Hist.  ser.  5,  vol.  viii.  p.  66,  pi.  iii.  fig.  1), 
and  at  one  time  I  concurred  in  this  view,  which  was  based  upon 
the  examination  of  a  specimen  which  Mr.  Hincks  himself  had  named 
M.  iricuspis ;  but  having  since  found  a  recent  iricuspis  from  Port 
Phillip,  Victoria,  I  see  that  they  are  not  identical. 

The  recent  S.  Napierii  has  a  solid  shell,  with  large  pores  round 
the  border ;  the  avicularian  mucro  is  directed  mostly  forwards,  that 
is  towards  the  distal  end,  and  below  this  there  is  a  narrow  bifid 
denticle.  The  ovicell  is  sometimes  nearly  concealed,  and  its  presence 
is  only  revealed  by  a  mncronate  elevation,  in  other  cases  it  is  con- 
siderably raised  and  globose. 

Th«  M,  tricuspid,  which  has  also  been  described  as  M.  munita, 
MacGillivray  (Desc.  of  New  or  Little-kuown  Polyzoa,  pt.  2,  p.  136, 
pi.  ii.  fig.  10),  has  a  very  curious  peristome  which  rises  abruptly 
from  the  front  of  the  zooecium  and  is  thick  in  consequence  of  being 
hollow,  or  rather  having  a  tube  on  each  side  of  the  mucro.  This 
has  not  been  mentioned  by  Mr.  Hincks.  Inside  the  peristome  there 
is  no  denticle,  but  the  proximal  edge  of  the  aperture  is  a  straight 
plate.     My  specimen  is  hyaline. 

Loe.  Living:  Port  Phillip  (Australia).  Fossil:  Waum  Ponds 
(Australia) ;  Napier,  Waipukurau ;  Trig's  Station,  Tanner^s  Eun,  N.Z. 

46.  PoBiNA  ORANDIPORA,  sp.  nov.     (PL  YII.  ^g,  23.) 

Although  the  state  of  preservation  of  this  fossil  from  Napier  is  so 
unsatisfactory  that  a  full  description  of  it  is  impossible,  yet,  if  again 
found,  it  may,  I  think,  be  recognized.  The  peristome  is  much  raised, 
hiding  the  mouth,  and  there  seems  to  have  been  a  large  avicularium 
on  the  summit  at  each  side.  In  the  centre  of  the  zooecium  there  is 
a  large  round  pore,  and  from  this  it  would  seem  to  belong  to 
Cfiffantopora  of  Ridley. 

47.  Lepealia  Poissonii,  Aud.     (PL  VIII.  fig.  37.) 

Flvstra  Poissonii,  And.,  Savigny,  Descr.  de  TEgj-pte,  pi.  x.  fig.  6. 

Lepralia  Poissoniij  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  viii.  p.  63,  and  vol.  xv.  p.  256. 

Lepralia  setigera,  MacGillivray  (non  Smitt),  Trans.  Boy.  Soc, 
Victoria,  vol.  xix.  p.  133,  pi.  i.  figs.  2,  3. 

Lepralia  odontostoma,  Ess.  Bry.  (Est.  Ung.  Mioc.  p.  16,  pi.  iv. 
fig.  8. 

Lepralia  Kirchenpaueri,  var.  teres,  Hincks,  Ann.  &  Mag.  Nat. 
Hist.  ser.  6,  vol.  vi.  p.  77,  pi.  ix.  figs.  7,  7a. 

This  is  a  very  common  fossil  from  Waipukurau  and  corresponds  in 
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size  with  recent  specimens  from  New  Zealand,  in  which  the  front 
surface  is  smooth^  and  the  small  smooth  oyicell  has  a  mucronate 
ridge  down  the  centre. 

In  recent  specimens  the  spines  do  not  occur  in  all  zooecia  nor  in 
all  specimens.  The  most  spinous  specimen  that  I  have  seen  is  one 
from  Tahiti,  in  Miss  Jelly's  coUection.  This  is  nearly  related  to 
Le^alia  adpressa,  and  I  still  adhere  to  my  opinion  that  L»  Kirehen- 
patierij  Heller,  is  only  L,  adpressa^  in  which,  as  I  pointed  out  and 
figured  in  my  paper  on  the  Bryozoa  from  Naples  (Ann.  &  Mag. 
N.  H.  ser.  5,  vol.  iii.  p.  42,  pi.  xv.  &g.  13),  there  are  sometimes 
'*  lateral  bosses."  The  best  figure  of  L,  Kirchenpaueri  is  given  by 
Manzoni  (Supp.  alia  Pauna  dei  Br}'.  Medit.  p.  8,  tav.  iii.  fig.  3). 

The  characters  of  the  opercula  of  L.  Poissonii  and  L.  appressa 
(figs.  37,  38)  enable  these  to  be  readily  distinguished,  all^ough 
also  showing  a  near  relationship.  In  the  fossil  some  cells  have  the 
central  mucro  very  prominent  and  in  others  it  is  entirely  absent. 

Loc,  Living :  Bass's  Straits,  Tahiti  and  New  Zealand  (H.)  ;  Port 
Phillip  Heads  (MacO.).  Fossil :  Napier  and  N.  Harbour ;  Waipu- 
kurau,  "  Whakati,"  and  Petane ;  Shakespeare  Cliff  (New  Zealand) ; 
Miocene ;  Eauchstallbrunngraben,  near  Baden. 

48.  Lkpbalta  BEcnLEsrauLTA,  Hincks.    (PI.  VII.  fig.  16  ;   PL  VIII. 

figs.  34,  35,  36.) 

Leprdlia  rectilineata,  Hincks,  Ann.  <S&  Mag.  Nat.  Hist.  ser.  5, 
vol,  xi.  p.  110,  pi.  vii.  fig.  5. 

In  a  specimen  from  Waipukurau  there  is  often  a  small  ridge  or 
boss  at  each  side  of  the  aperture,  just  below  which  there  are  two 
small  avicularia,  xisually  near  together.  Where  the  aperture  is  con- 
tracted there  is  a  curved  denticle  directed  inwards,  and  there  is  a 
similar  one  in  L,  Dorhnii,  Kirchenpauer  (MS,),  from  Naples.  A 
.  specimen  from  Wanganui  has  large,  elongate  avicularia  above  the 
aperture,  whereas  there  are  none  in  the  one  from  Waipukurau. 

The  ovioeU,  which  is  not  known  in  the  recent  form,  is  raised,  glo- 
bular, about  half  as  wide  as  a  zocecium.  Oral  aperture  0*18  millim. 
at  widest  part. 

Loc,  Living :  New  Zealand.  EossU :  Waipukurau,  Wanganui, 
Napier. 

49.  Lbpbalu  dcbelus.  Busk. 

Hemeschara  imhellis,  Busk,  Crag  Polyzoa,  p.  78,  pi.  iv.  fig.  6, 
pi.  X.  ^g.  7. 

Escharapertusa,  M.-Edwards,  '*  Obs.  sur  lesPoss.  du  genre  Eschare,'' 
Ann.  des  Sc.  Nat.  ser.  2,  vol.  vi.  p.  9,  pi.  x.  fig.  3 ;  S.  Wood,  Ann. 
Nat.  Hist.  voL  xiii.  p.  16  ;  Busk,  Crag  Polyzoa,  p.  66,  pi.  x.  fig.  2. 

As  Lepralia  pertusa,  Esper,  was  described  before  Milne-Edwards 
published  the  present  species,  the  specific  name  must  be  changed ; 
and  seeing  that  Busk  found  it  in  the  Crag,  in  both  the  Eschara-  and 
the  Hemeschara-stage,  we  can  take  his  second  name.  The  fossil  from 
near  Napier  is  adnate,  and  has  elongate  cells  with  large  punctures 
over  the  surface.     There  are  no  ovicells  on  these  fossils.    Without 
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tiie  ayicnlarinm  this  would  be  Lepralia  ddicatula,  Manzoni  (Bry. 
fos8.  Ital.  3a  cont.  p.  11,  pi.  iii.  fig.  17). 

There  are  also  foeailB  from  Napier,  Petane,  and  Tommy  Gully, 
with  shorter  cells  and  large  pores  arranged  in  a  more  or  less 
radiating  manner,  and  in  appearance  and  size  much  the  same 
as  Lepralia  gtriatula^  Hincks,  which  I  think  cannot  be  regarded 
as  more  than  a  variety  of  the  present.  In  a  specimen  of  recent 
L.  striatula  sent  me  by  Miss  Jelly  there  are  only  two  or  three 
zooecia  with  avicularia  at  the  side  of  the  orifice.  In  none  of  the 
fossils  do 'I  find  any,  but  it  is  possible  that  some  cells  that  are  partly 
broken-down  may  have  had  such  avicularia.  A  fossil  from  Waipu- 
kurau  Gorge  has  rather  short  cells  with  but  few  pores  irregularly 
arranged.  Close  allies  are  LeprcUia  regvJaris,  Ess.,  L.  eircumomata, 
Bss.,  and  L.  megalota,  Ess.,  from  the  Austrian  Miocene,  and  the 
living  Z.  Pcdlasiana  and  L,  pertusa,  Esp. 

Loe,  Fossil :  Crag,  Sudboume  (M.^lk.) ;  C.  Crag  (B.) ;  Zanclean 
of  Calabria  (Seguema).  Pliocene  :  Bametto  (SicUy) ;  Gerace,  and 
Tenda  del  Prado  (Calabria)  {A.  W.  TT.);  Napier  (N.  Z.),  and  the 
short  variety  from  Napier,  Petane,  Tommy  GuUy,  and  Waipukurau. 

50.  Lepralia  pbbtusa,  Esper. 

CdUpora  pertusa,  Esper,  Pflanz.  Cellep.  p.  149,  pi.  x.  fig.  2. 

Lepralia  pertusa^  Busk,  B.  M.  Cat.  p.  80,  pi.  Ixxviii.  figs.  1  &  3 
(non  2),  pi.  Ixxix.  figs.  1,2;  Smitt,  Eloridan  Bry.  p.  55 ;  Hincks, 
Brit.  Mar.  Polyzoa,  p.  305,  pi.  xliii.  figs.  4,  5. 

Lepralia  ptrtu^a^  var.  rotundatay  Waters,  Ann.  &  Mag.  Nat.  Hist. 
ser.  6,  vol.  iii.  p.  31. 

Loc.  Living  :  European  seas,  Florida,  Australia  (?)  ;  New  Zealand 
(?).    Fossil:  Muddy  CVeek ;  Waum  Ponds (Austr.)  ;  Napier  (N.Z.). 

51.  Lepbalia  bobtbigeba,  Sm.    (PI.  YII.  fig.  17.) 

Eseharella  rosirigera^  Smitt,  Floridan  Bryozoa,  p.  57,  pi.  x.  figs, 
20a-205. 

Lepralia  rosirigera,  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xli. 
p.  298. 

The  specimen  from  Napier  is  larger  than  the  recent  Floridan  ex- 
amples, or  the  fossil  from  the  Biver-Murray  Cliffs.  It  is  adnate, 
and  the  zooecia  are  divided  by  raised  lines ;  the  surface  is  punc- 
tured and  granulated ;  the  oral  aperture  is  0*22  millim.,  with  an 
avicularimn  at  each  side  of  the  aperture.  There  is  a  raised  border 
round  the  aperture. 

This  is  allied  to  Lepralia  ingens^  Manzoni  (Castrocaro,  p.  25). 

Loc.  Living :  Florida.  Fossil :  B.-Murray  Clifls  (Australia)  j 
Napier  (N.  Zeal.). 

52.  Lbprat.ta  longipoba,  MacGtillivray. 

Lepralia  longipora,  MacGillivray,  "  Descript.  of  New  or  little- 
known  Polyzoa,'  pt.  ii..  Trans.  Boy.  Soc.  Vict.  vol.  xix.  p.  135, 
pL  iiL  fig.  18. 
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Cydicopora  prashnga^  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  xiv.  p.  279,  pi.  ix.  fig.  7. 

Tbe  fossil  from  Waipukurau  has  the  npper  part  of  the  zooecium 
raised,  giving  a  tubular  appearance  to  the  peristome.  The  surface 
is  granular  and  has  more  punctures  than  are  figured  by  MacGillin-ay. 
The  ovicell  is  narrower  than  a  zooecium.  In  Mucronella  canalifera^ 
Busk,  the  peristome  is  much  produced  and  the  ovicell  is  smaller. 

Loe,  Living :  Port  Phillip  Heads  (Victoria).  Fossil :  Waipukurau 
and  Trig's  Station. 

63.  Lepralia  SEMILITNA,  Rss.,  var.  simplex,  nov.     (PL  VII.  fig.  19.) 

Eschnra  semiluna^  Rss. "  Die  Foram.  Anth.  und  Bry.  des  deutschen 
Septar."  p.  182(66),  pi.  vi.  fig.  6,  Denkschr.  k.-k.  Akad.  Wissensch. 
Wien,  vol.  xxv. 

A  fossil  from  Napier  is  aduate.  The  zooecium  is  suboval,  only 
slightly  convex,  with  rather  large  pores.  Oral  aperture  elongate, 
straight  below  and  with  the  sides  straight,  curved  above.  Walls  at 
the  side  of  the  aperture  thickened,  forming  a  kind  of  peristome. 
AboTO  the  aperture  a  nearly  concealed  ovicell  with  an  oval  cribri- 
form depression  in  the  middle. 

I  am  unable  to  find  any  suboral  avicularia,  as  described  by  Beuss, 
and  therefore  call  it  var.  simplex. 

The  species  is  described  from  Sollingen. 

54.  Lepralia  FORAMiinGERA,  Hincks. 

Lepralia  foramwigera^  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  6, 
vol.  xi.  p.  109,  pi.  vii.  ^g.  1. 

The  fossil,  though  there  are  only  the  two'  upper  openings,  corre- 
sponds with  recent  specimens  ;  the  oral  aperture,  in  each  case,  is 
about  0*15  millim.  in  diameter,  and  the  operculum  has  a  character- 
istic hinge-projection  on  each  side,  which  Mr.  Hincks  seems  to  have 
overlooked. 

Loc.  Fossil :  Waipukurau.  Living :  New  Zealand  (JS,) ;  Napier 
(sp.  sent  by  Miss  Jelly), 

56.  Lepralia  bistata,  sp.  nov.    (Woodcut,  fig.  1.) 

Zoarium  incrusting.  Zocecia  distinct,  convex,  surface  perforated 
and  mamillated.  Oral  aperture  coarctate,  with  a  small  denticle  at 
each  side  where  the  contraction  takes  place.  Ovicell  small,  subim- 
mersed,  about  half  the  width  of  a  zooecium,  and  the  ovicelligerous 
cells  have  a  very  much  wider  oral  aperture  than  the  other  zooecia 
and  an  extraordinarily  thick  lower  lip.  The  zooecia  and  aperture 
are  about  the  same  size  as  those  of  L.  Fallasiana. 

Loc.  Waipukurau  Gorge. 

56.  Porella  MABsrpiTTM,  MacG. 

Porella  marsupium^  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xxxiz. 
p.  437. 

Loc.  Living:  Victoria  (MacO.);  Bass's  Straits  (J7.).  Fossil: 
Waurn  Ponds  (Victoria) ;  Waipukurau  (New  Zealand). 
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67.  PoRKLLA  MABsupiuM,  Tar.  PORiFERA,  Hincks. 

Pordla  marsupiuniy  MacG.,  form  porifera^  Hincks,  Ann.  &  Mag. 
Nat.  Hist.  ser.  5,  vol.  xiii.  p.  24,  pi.  iv.  fig.  4. 

Loe,  Living :  Queen  Charlotte  Island,  off  British  Columbia  (/T.). 
Fossil:  Waipukurau  and  Napier  (New  Zealand). 

58.    PORELLA  CONCINNA,  Busk. 

Porella  concinna.  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xxxviii. 
p.  271. 

An  incnisting  fossil  from  Tommy  Gully,  Petane,  has  the  avicu- 
larium  much  raised  on  a  suboral  prominence,  and  in  this  respect 
differs  from  the  European  types.  The  zooecia  are  divided  by  raised 
lines,  and  the  surface  has  large  pores. 

Loc.  Living :  European  seas ;  Bass's  Straits.  Fossil :  Mount 
Gambier;  Tommy  Gully  (Petane). 

Fig.  1. — Lepralia  bistata.  Waters,  from  Waipukurau^ 
New  Zealand. 


25 


59.   HiPPOXHOA  FLAOELLTTH,  MaUZ. 

Hippothoa  flagtllum^  Manz.  Bry.  Foss.  Ital.  4  a  cont.  p.  6,  pi.  i. 
fig.  5;  Suppl.  alia  Fauna  dei  Bry.  Medit.  \a  cont.  p.  3;  Bri.  del 
Plioc.  antic,  di  Castrocaro,  p.  5,  pi.  i.  fig.  14 ;  Hincks,  Ann.  & 
Mag.  Nat.  Hist.  1877,  vol.  xx.  p.  218  ;  Brit.  Mar.  Polyzoa,  p.  293, 
pLxliv.  figs.  5-7;  Busk,  Chall.  Rep.  Polyzoa,  p.  4,  pi.  xxxiii.  fig.  7. 

Probably  also  Terd)ripora  ramosa  et  irregularis,  d'Orb.  Voy.  dans 
I'Amer.  Merid. 

Loc,  British  seas  and  Medit. ;  Singapore  {H,) ;  Heard  Island, 
75  fath.;  New  Zealai^d.  Fossil:  Pliocene  of  Italy  and  Sicily; 
Napier. 
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60.  SCHIZOPORELLA  CIBCINATA,  MacG.      (PI.  VIII.  fig.  41.) 

Lepralia  eircinata,  MacG.,  Nat.  Hist.  Victoria,  dec.  iv.  p.  21, 
pi.  XXXV.  fig.  1. 

Schizoporella  cirdnata,  Busk,  *  Challenger  *  Rep.  of  Polyzoa,  p.  166, 
fig.  46 ;  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  6,  vol.  xv.  p.  253, 
pi.  vii.  %^.  1. 

This  is  a  common  fossil  from  Waipukurau,  and  in  size  is  just  the 
same  as  recent  specimens  from  Napier.  The  long  spatulate  avicu- 
larium,  directed  downwards,  is  usually  present ;  the  oral  aperture 
(0*07  millim.)  is  about  half  the  size  of  that  of  8,  Ceciliij  And. 
Mr.  Busk  describes  in  both  of  these  a  movable  appendage  jointed  to 
the  operculum  :  but  neither  of  them  is  figured  correctly  by  him,  as 
in  8,  Cecilii  the  appendage  is  a  broad  plat«  below  the  operculum, 
and  does  not  become  narrower,  as  may  be  seen  in  the  figure  given 
in  my  paper  "  On  the  Use  of  the  Opercula"  &c.  (Proc.  Manch.  Lit. 
&  Phil.  Soc.  xviii.  1878,  fig.  1),  and  in  8,  circinata  it  becomes 
broader  below ;  and  this  appendage  separates  very  readily  from  the 
rest  of  the  operculum,  so  that  it  is  difficult  to  prepare  them  out 
together.  In  both  there  is  a  small  notch  in  the  proximal  edge  of 
the  larger  piece  of  the  operculum,  into  which  the  appendage  fibs ;  in 
8,  circinata  it  is  very  minute,  but  in  8,  Cecilii  is  much  more  pro- 
nounced. It  does  not  seem  that  this  appendage  is  movable,  but  that 
an  integument  is  attached  both  to  it  and  to  the  proximal  edge  of  the 
operculum.  In  neither  have  I  been  able  to  find  the  minute  fasci- 
culus of  muscular  fibres  at  the  lower  part  of  the  appendage  to  which 
Mr.  Busk  refers,  and  such  a  structure  would  be  very  inexplicable. 

Loc,  Living :  Victoria  {MacG,) ;  off^  Inaccessible  Island,  Tristan 
d'Acunha  (CZiaZ7.  JStjP.);  Napier  (itfisa  y.).     Fossil:  Waipukurau. 

61.  Schizoporella  aubiculata,  Hass. 

Loc,  Living :  European  and  Australian  seas.  Fossil,  Pliocene  : 
Bruccoli  (Sicily);  Reggio  (Calabria);  Mount  Gambier  and  Bairns- 
dale  (Australia)  ;  Napier  and  Tommy  Gully  (New  Zealand). 

62.  ScHizopOBELLA  RroLBTi,  MacG. 

8chisoporella  marsiipium,  Ridley,  Zool.  Coll.  made  by  H.M.S. 
*  Alert,'  Proc.  Zool.  Soc.  1881,  p.  48,  pi.  vi.  fig.  6. 

Schizoporella  Eidleyi,  MacGillivray,  Trans.  Roy.  Soc.  of  Victoria, 
vol.  xix.  p.  191,  pi.  i.  fig.  1. 

This  is  a  very  small  species,  with  the  aperture  only  0*6  millim. 
wide.  In  the  fossil  the  prominent  suboral  avicularia  cover  a  large 
part  of  the  zooBcium. 

This  seems  to  be  closely  allied  to  8,  auriculata,  but  is  smaller. 
Mr.  Hincks  (Ann.  &  Mag.  N.  Hist.  ser.  5,  vol.  xiii.  p.  25)  thinks  that 
this  is  identical  with  8,  (Escharina)  simplex,  d'Orb. ;  but  Mr.  Qnelch, 
who  has  since  examined  original  specimens  of  8.  Bidl-eyi,  combats 
this  (Ann.  &  Mag.  N.  Hist.  ser.  5,  vol.  xiii.  p.  215).  I  am  not  quite 
convinced  that  this  should  not  be  united  with  8,  simplex,  d'Orb. ;  but 
as  there  is  a  doubt,  it  will  be  beat  to  retain  the  other  name. 
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Loe.  Living:  Elizabeth  Island,  6  feth.  (B,);  Victoria  {MacO,). 
Fossil :  Waipnkurau ;  Napier  (?). 

63.  SCHIZOPOEELLA  XABSUPIFEBA,  Bosk. 

SehizoporeUa  marsupifera^  Busk,  *  Challenger '  Eeport  on  the 
Folyzoa,  pt.  xxx.  p.  166,  pi.  xxii.  fig.  14. 

SehizoporeUa  UneoUfera,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  xvii.  p.  267,  pi.  ix.  fig  10. 

Loe.  Living :  Marion  Island,  50-75  fath. ;  Station  167,  off  New 
Zealand,  150  fath.  {B,);  Adriatic  (E.);  Port  Jackson,  Sydney 
{A.  TT.).    Fossil :  Waipukurau. 

64.  SCHIZOPOBELLA  BIAPEBTA,  Mich. 

Esekara  biaperta,  Mich.  Icon.  Zooph.  p.  330,  pi.  Ixxix.  fig.  3  (see 
Hincks,  Brit.  Mar.  Poly.  p.  255,  pi.  xl.  figs.  7-9);  Waters,  Ann.  & 
Mag.  Nat.  Hist.  ser.  5,  vol.  iii.  p.  37,  pi.  xi.  figs.  1  &  2. 

Loe.  Living :  European  seas,  Florida,  Madeira,  Tartary,  Columbia, 
New  Zealand  (A.  W.  W.  coll.).  Bass's  Straits.  Fossil :  Done  (Mio- 
cene) ;  Crag ;  Pliocene  of  Italy  and  Sicily ;  Waipukurau. 

65.  SCHIZOFOBELLA  CRIBBIXI7EBA,  Hiucks. 

SehizoporeUa  eribriUfera,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  sor.  5, 
vol.  XV.  p.  250,  pi.  viii.  fig.  5. 

The  foesil  from  the  Petane  marls  is  adnate,  with  the  cells  irre- 
gular, as  in  CeU^ora,  and  the  aperture  deep  down,  of  the  same  size 
and  shape  as  in  the  recent  species,  but  apparently  without  avicularia. 

Loe.  Living :  New  Zealand.    Fossil :  Petane  marls. 

66.  SCHIZOFOBBLLA  CLAVULA,  MaUZ. 

Leprdlia  clavtila,  Manzoni,  Bry.  Foss.  Ital.  cent.  3  a,  p.  8,  pi.  ii. 
^.  9. 

In  the  fossil  from  Waipukurau  tbere  are  six  spines  above  the 
aperture,  and  the  ovicell  is  small,  erect,  somewhat  elongate.  At  one 
or  both  sides  of  the  aperture  there  is  a  narrow  avicularium  directed 
distally,  following  the  border  of  the  aperture,  and  usually  curved. 
The  surface  has  probably  been  papillated,  but  that  cannot  be  made 
out  with  certainty. 

Loc.  Fossil :  Turin  (Miocene) ;  Waipukurau. 

67.  ScHizoPOBELLA  coKSBBVAiA,  Watcrs.    (PI.  YII.  fig.  21.) 

SehizoporeUa  C(m«en;ato,Water8,  Quart.  Joum.  Geol.Soc.vol.xxxvii. 
p.  340,  pL  xviii.  fig.  81,  and  Q.  J.  6.  S.  vol.  xxxviii.  p.  273,  pi.  vii. 
fig.  7 ;  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  vol.  x.  p.  96,  pi.  vii. 
fig.  2,  and  vol.  xiv.  p.  281. 

SehizoporeUa  insignis^  MacGillivray  (non  Hincks),  Trans.  Boy.  Soc. 
Yict.  voL  xix.  p.  132,  pi.  ii.  fig.  11. 

I  could  not  for  some  time  decide  whether  the  fossils  from  ChiiJies 
Creek  and  Mount  Gambier,  the  recent  forms  from  near  Melbourne, 
and  the  fossQ  from  Napier  shoidd  be  united  under  the  same  species, 

a  J.  a.  8.  No.  169.  '     IT 
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seeing  that  while  certain  important  characters  show  that  they  are 
closely  allied,  in  other  points  there  are  diflferences  which  may  be 
varietal.  The  oral  aperture  of  the  New-Zealand  fossil  has  a 
narrow  sinus  and  is  0*2  millim.  wide,  which  is  larger  than  in 
the  Australian  fossils,  but  not  so  large  as  in  the  recent  examples, 
in  which  it  is  0*32  millim.  wide  and  has  a  much  larger  and  rounder 
sinus. 

In  both  the  recent  specimens'  and  the  New-Zealand  fossil  the 
oyicell  is  more  concealed  than  in  the  fossil  first  described,  and  in 
both  there  is  a  row  of  pores  round  the  flat  central  part  inside  the 
ridge.  In  fact,  in  one  specimen  from  Napier  the  ovicell  is  quite  on 
a  level  with  the  zooecium,  and  only  the  ridge  and  row  of  pores  is 
visible.  These  pores  are  not  mentioned  by  Mr.  Hincks  in  his 
description,  but  occur  in  a  recent  specimen  from  Port  Western.  In 
the  Napier  fossil  the  avicularia  are  smaller  and  more  raised  than 
in  the  others,  and  there  is  usually  only  one  avicularium  to  a  zooecium; 
the  centre  of  the  zooecium  is  plain  with  large  pores  round  it,  whereas 
in  the  recent  examples  there  is  no  plain  portion,  but  there  is  in  one 
a  ridge  up  the  centre  as  first  described.  The  ovicell  of  the  New- 
Zealand  fossil  is  so  much  concealed  that  I  am  not  sure  whether  there 
have  been  radiating  lines  on  its  walls. 

The  affinities  and  difierences  of  these  three  varieties,  separated  as 
they  are  in  time  and  locality,  are  very  interesting. 

Loc.  Living :  Port  Phillip,  Port  Phillip  Heads,  and  Port  Western 
(Adelaide).  Fossil :  Curdies  Creek  (S.W.  Australia),  Mount  Gambier 
(S.  Australia),  and  Napier  (New  Zealand). 

68.  ScHizopORELLA  OBLIQUA,  (?)  MacG.     (Woodcut,  fig.  2.) 

Fschara  ohliqua^  MacGillivray,  Austr.  Polyz.,  Trans.  Hoy.  Soc.  Vict, 
vol.  ix.  p.  137  (1868);  Zool.  Yict.  decade  v.  p.  39,  pi.  xlviii.  ^^.  1. 

An  adnate  specimen,  from  Waipukurau  Gorge,  has  zooecia  sur- 

Pig.  2. — Schiz^oporella  obliqua  (?),  MagO.^from 
Waipukurau,  New  Zealand, 


r 


\ 


I 

rounded  by  raised  pmooth  lines,  and  also  frequently  a  raised  line 
across,  or  partly  across,  the  zocccium  below  the  aperture,  and  there 
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IB  sometimes  at  the  side  of  the  sinus  a  small  suboral  aviculurium, 
80  that  the  fossil  differs  in  these  two  particulars  from  the  typical 
S.  ohliqaa.  The  sinus  is  very  distinct,  and  the  aperture  sdmost 
meets  abore  it. 

69.  ScHizopoKELLjL  ciNCTiPo»A,  Hincks,  var.  pkesokata,  no  v.     (PL 
Vm.  fig.  28.) 

Zoarium  adnate.  Zooecia  orate,  not  much  raised,  divided  by 
slightly  raised  lines;  surface  reticulate,  with  large  pores.  Oral 
aperture  rounded  above,  longer  than  broad,  with  a  distinct  sinus  on 
the  proximal  edge ;  on  each  side,  below  the  aperture,  ou  the  border 
Df  the  zooecia,  an  elongate  protuberance ;  between  these,  below  the 
aperture,  a  small  rounded  avicularium.  This  differs  from  the  recent 
forms  in  having  the  two  lateral  bosses.  Since  describing  and  figuring 
the  first  specimens,  I  have  had  another  from  Waipukurau  Gorge,  with 
oviceUs,  submitted  to  me.  The  two  lateral  bosses,  in  fully  developed 
ovicelligerous  cells,  meet  in  front  and  form  a  bridge,  as  in  Smittia 
jacohensis,  S.  Landshorovii,  var.  personata,  MicroporeUa  pol^stomella, 
and  Sckizoporella  polymorpha^  B.  In  the  Waipukurau  fossils  there 
are  no  avicularia.  Miss  Jelly  has  a  specimen  of  this  variety,  recent, 
from  New  Zealand,  growing  in  a  cylindrical  shape. 

Loc.  Living :  New  Zealand.  Fossil :  Petane  marls  and  Waipu- 
kurau. 

70.  SCHIZOPOBELLA  TUBBBOSA,  KSS.,  Var.  AKGFSTATA,  nOV.      (PI.  VIII. 

^g.  26.) 

Type :  Esehara  tuberosa,  Bss.  Die  Foram.  Anth.  und  Bry.  des 
d.  Septarienthones,  Denkschr.  Ak.  Wissensch.  Wien,  vol.  xxv.  p.  188, 
pi.  vi.  figs.  9,  10,  pi.  viii.  fig.  1. 

Schizopordla  hiturrita^  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  xiv.  p.  280,  pi.  ix.  ^g,  8. 

This  occurs  fossil  from  Waipukurau,  with  a  tubular  zoarium,  in 
the  Hemeschara- stage.  Zooecia  indistinct,  with  few  large  pores. 
Oral  aperture  elithridiate,  with  a  large  broad  triangular  avicularium 
above  the  aperture  on  each  side  directed  towards  tha  aperture.  Oral 
aperture  0*17  millim.  wide,  0*21  miUim.  long. 

In  mode  of  growth  and  general  characters  this  resembles  a  recent 
Schizopordla  tuherosa  from  the  Semaphore,  Adelaide,  with  a  large 
triangular  avicularium,  which  is  often  much  raised,  above  the  aper- 
ture on  each  side,  and  with  a  large  broad  raised  ovicell ;  but  in  this 
the  aperture  is  much  larger  and  the  sinus  is  broadly  emarginate 
(see  fig.  29). 

In  the  fossil  we  are  reminded  of  LunuUtes  incisa,  H.  (conica^ 
MacG.)y  and  Schizoporella  biaperta.  The  typical  L.  tvherosa  also 
occurs  recent  in  Botany  Bay,  N.S.W.,  in  the  Lepralia^stage.  Mr. 
Hincks  describes  it  from  Port  Phillip  Heads  in  a  bilaminat'C  stage. 

I  have  not  seen  any  from  Australia  or  New  Zealand  with  the 
avicularia  inarching,  t.  e.  in  the  j^er^onato- stage,  as  in  Busk's 
Oephyrophora  polymorpha, 

r2 


Digitized  by  LjOOQ IC 


68  ]£B.  A.  W.  17ATBB8  OV  ISBIIABT  CH1L08T01CAT0TT8 

71.  ScmZOPOBBLLA  HTALIWA,  L.      (PI.  VTII.  figB.  42,  43.) 

For  synonyms,  see  Hincks,  Brit.  Mar.  Polyzoa,  p.  271,  and  add  :— 

Eschara  annularis^  Moll,  Seerinde,  p.  39,  fig.  4. 

I  cannot  agree  with  Mr.  Busk  in  uniting  this  with  Chorizoporaj 
which  has  the  proximal  edge  of  the  operculum  straight,  whereas  in 
the  ordinary  zooeda  of  S,  hyalina  there  is  a  wide  sinus,  and  it  is 
only  in  the  fertile  cells  that  the  proximal  edge  is  nearly  straight 
(see  figs.  42,  43).  Mr.  Busk  identified  what  we  now  know  as 
Chorizopora  Brongniartii,  Aud.,  with  Savigny's  figure  of  Flustra 
Brongniartii ;  and  as  this  has  been  generally  accepted  it  would  not 
be  advisable  now  to  change  the  name,  though  1  quite  agree  with 
Mr.  Busk  in  doubting  whether  Savigny's  figure  was  meant  to 
represent  the  species. 

Loc,  Living:  Cosmopolitan.  Fossil:  English  Crag;  Waipukurau 
and  Tommy  Gully,  Trig's  Station  (New  Zealand). 

72.  Cellepoba  albibostris,  Sm. 

CeUepora  dUnrostris^  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xli. 
p.  304. 

A  specimen  from  Shakespeare  Cliff  has  a  free  globular  form, 
about  6  millim.  in  diameter ;  two  specimens  from  Napier  are  adnate 
on  sheU,  while  another  is  a  large  solid  branching  form.  In  none  is 
the  preservation  very  satisfactory,  and  no  spines  are  seen,  so  that 
perhaps  they  should  be  called  var.  hastigera,  B.  The  proximal  edge 
of  the  oral  aperture  is  more  curved  than  in  my  recent  specimens, 
and  in  this  respect  more  resembles  var.  hastigera. 

Loc.  Living:  Florida,  25-35  fath.;  Sydney  (Sm.);  Shark  Island, 
8  fath.  (A.  W.);  Heard  Island,  75  fath.  (B.);  Adelaide  {A.  W.). 
Fossil:  Kiver  Murray  (Australia),  Napier  and  Wanganui  (New 
Zealand). 

73.  Cellepoba  tbibeitticitlata,  Busk. 

Cellepora  tridenticulata,  Busk,  Joum.  linn.  Soc.  vol.  xv.  p.  347 ; 
'Challenger*  Rep.  on  Polyzoa,  p.  198,  pi.  xxix.  fig.  3,  pL  xxxv. 
fig.  17 ;  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xli.  p.  306. 

The  fossil  from  Waipukurau  is  adnate,  and  shows  the  attachment 
of  the  two  spiAes  very  clearly. 

Loc.  Living:  Cape  York;  Adelaide.  Fossil:  Aldinga;  Biver- 
Murray  Cliflfe  ;  Yorke's  Peninsula  (Australia) ;  Waipukurau  (New 
Zealand). 

74.  Cellepoba  cobonopus,  S.  Wood. 

For  synonyms,  see  Waters,  Quart.  Joum.  Geol.  Soc  vol.  xli.  p.  302. 
A  specimen  from  Napier  occurs  in  a  thick  solid  branching  form. 
The  minute  characters  are  made  out  with  difficulty. 

75.  Cellepoba  oostata,  MacG. 

CeUepora  eostata^  MacQillivray,  Trans.  R.  Soc.  Vict.  vol.  ix.  1869, 
p.  136 ;  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xli.  p.  303. 
Cellepora  globularU^  Bronn,  Leth.  Geogn.  ii.  p.  877,  pi. 


Digitized  by  LjOOQ IC 


BSrOIOA  FBOM  BKW  ZBALAHB.  69 

fig.  16,  a,  b ;  Benfls,  Fosb,  Polyp,  des  W.  Tertiarbeckens,  p.  76 
pL  ix  fIgB.  11-15;  Beuss,  Fobs.  Fauna  St.  von  Wieliczka,  p.  94 ; 
Manzoni,  Bri.  foss.  del  Mioc.  d'Aust.  ed  Ungh.  p.  51,  pi.  i.  %.  2. 

CelUpora  retusa,  Manzoni,  Bri.  del  pHoc.  ant.  di  Castrocaro,  p.  35, 
pi.  V.  fig.  59. 

CeU^pora  rehua,  Manx.,  var.  eaminata^  Waters,  Ann.  &  Mag.  Nat. 
Hist.  8or.  5,  vol.  iii.  p.  194,  pi.  xiii.  fig.  1. 

CedUpcfra  rota^  MaoGiUivray,  New  or  little-known  Polyzoa,  pt.  viii. 
p.  11,  pL  iii.  fig.  6. 

There  are  two  adnate  convex  zoaria,  fossil,  from  Napier,  about 
12  millim.  in  diameter.  In  most  zooBcia  the  aperture  is  unarmed, 
though  in  a  good  many  there  is  an  avicularium  at  one  side,  and 
tiiese  oells  exactly  correspond  with  Manzoni's  figure  of  Celhpara 
globtdaris  (I  Bri.  Mioc.  Aust.  Ung.  p.  51,  pi.  i.  fig.  2) ;  there  are, 
however,  a  few  zooBcia  with  an  oral  avicularium  at  each  side. 

In  some  specimens  of  what  I  may  call  the  typical  Cellepora  glohu- 
larU^  which  I  coUected  from  the  Miocene  of  Nussdorf,  near  Vienna, 
there  are  nearly  always  two  lateral  oral  avicularia,  but  a  few 
zooecia  have  only  one,  thus  again  corresponding  with  Manzoni's 
figure.  When  these  Nussdorf  specimens  have  the  two  avicularia, 
the  appearance  is  just  the  same  as  in  some  cells  of  G.  return^ 
var.  caimnaia,  W.,  which,  however,  more  frequently  has  three 
avicularia.  We  are  thus  able  to  trace  the  unbroken  connexion 
between  the  New  Zealand  fossOs,  in  which  the  aperture  is  nearly 
always  unarmed,  and  the  recent  Naples  form,  in  which  there  are 
usually  three  very  prominent  oral  avicularia.  In  all  cases  the  oral 
aperture  is  deep  down  in  the  peristome. 

I  have  a  recent  specimen  from  Port  Phillip  Heads  with  long 
branches,  seldom  with  oral  avicularia,  but  when  they  occur  the 
mandibles  are  semicircular.  I  had  not  at  all  recognized  the  simi- 
larity until  I  prepared  out  the  opercula,  which  are  characteristic  and 
oonespond  with  the  Naples  specimens.  The  apertures  are  larger 
than  those  of  the  fossils,  which  measure  about  0*08  millim.  In  this 
Port-Phillip-Heads  species  there  are  large  spatulate  avicularia. 

The  connexion  was  thus  independently  traced  up  in  the  f  ossOs  by 
means  of  the  oral  avicularia,  and  in  the  recent  forms  by  the  opercula 
and  other  chitinous  organs. 

I  have  been  in  doubt  as  to  whether  this  should  be  called  C,  costata 
or  globularis ;  but  as  it  is  by  means  of  direct  comparison  of  typical 
spedmens  rather  than  by  the  descriptions  that  I  have  worked  up 
the  synonymy,  the  name  costata  is  retained. 

Loe,  laving:  Wilson  Promontory  and  Queenscliff,  Victoria 
(MaeG.);  Port-  PhiUip  Heads  {MacO.  ^  A.  W.  W.);  Glenelg,  S. 
Australia  (X  W.  W.);  Naples (TT.).  Fossil:  Nussdorf  (^.  W.  W.) 
and  numerous  other  Miocene  localities  of  Austria  and  Hungary 
(B€U88  Sf  Manz.) ;  Pliocene  of  Italy  {Manz,  ^  W,) ;  Adelaide,  Aus- 
tralia ;  Napier,  New  Zealand. 

76.   CSLLBPOKA  DECBPTA,  Sp.  UOV.    .  (PI.  VIII.  fig.  33.) 

There  are  two  unsatisfactorily  preserved  specimens  from  Napier. 


Digitized  by  LjOOQ IC 


70  MR.  A.  W.  WATER8  OK  TBBTTIBT  CHILOSTOlCiiTOUS 

The  lower  edge  of  the  aperture  is  straight,  the  upper  rounded  (0"1 
millim.  wide).  There  is  an  avicularium  below  the  oral  aperture, 
and  the  avicularian  chamber  is  much  raised,  so  that  tho  appearance 
of  these  is  sometimes  almost  like  ovicells.  The  ovicells  are  usually 
much  concealed.  Vicarious  avicularia  elongate,  spatulate,  scattered 
all  over  the  colony.     This  is  related  to  C.  pertusa  and  C,  fossa, 

Cellepoea. 

There  is  a  cylindrical  OeUepora  from  Napier  with  zooecia  irregu- 
larly placed;  the  oral  aperture  subrotundate  with  a  wide  sinus. 
There  are  numerous  avicularia  scattered  about,  some  are  very  large, 
being  the  length  of  three  or  four  zooecia ;  the  mandibular  space  is 
acute.  It  is  distinguished  from  G,  yarraensis.  Waters,  by  the  shape 
of  the  aperture. 

77.  Ehtnchopora  longirostris,  Hincks.     (PL  YII.  fig.  22.) 

Rhynchopora  hngirostris,  Hincks,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  viii.  p.  66,  pi.  iv.  figs.  7,  8. 

Fossil,  from  Napier,  adnate.  Zooecia  elongate,  rising  towards  the 
mouth  with  a  very  long  raised  avicularian  rostrum.  On  some  zooecia 
there  is  a  very  narrow  avicularium  attached  to  the  rostrum,  with 
the  mandible  directed  towards  the  proximal  part  of  the  zooecium. 
The  oral  aperture  is  suborbicular,  with  a  wide  round  sinus. 

Rhynchopora  bispinosa  is  a  most  variable  species,  and  when  it  has 
been  properly  worked  up  will  probably  have  the  longest  list  of 
synonyms  of  any  Bryozoon,  and  my  first  impression  was  that  the 
fossil  belonged  to  that  species.  Being  unable,  however,  to  find  any 
denticles,  and  all  the  cells  being  equal  in  size  without  the  peristome 
rising  on  either  side,  I  referred  the  fossil  to  Schizoporella ;  but 
receiving  a  recent  specimen  from  Port  Phillip,  Australia,  in  which 
the  long  rostrum  was  well  developed,  with  a  lanceolate  avicularium 
to  almost  every  cell,  and  a  slight  elevation  of  the  peristome  on  each 
side,  the  species  was  again  brought  back  to  Rhynchopora.  In  the 
recent  form  I  am  able  to  see  in  one  or  two  zooecia  a  small  denticle, 
but  cannot  find  one  in  most.  This  seems  to  be  allied  to  Cellepora 
longirosiris,  MacG.,  and  Schizoporella  cryptostoma,  MacG. 

Loc.  Living:  Curtis  Island  (//.);  Port  Phillip  (TT.).  Fossil: 
Napier. 

78.  LXTNULITES  PETALOIDES,  d'Orb. 

Lunulites  petaloides,  d'Orb.,  Waters,  Quart.  Joum.  Geol.  Soc.  vol. 
xxxix.  p.  442,  pi.  xii.  fig.  11  a,  6,  c. 

There  are  several  specimens  from  Shakespeare  Clifi^,  Wanganui, 
and  in  these  the  number  of  vibracula  is  very  variable ;  they  are  often 
placed  regularly  for  two  or  three  rows,  and  in  the  rest  of  the  colony 
scattered  irregularly.     The  aperture  is  0-4  millim.  wide. 

I  do  not  see  any  reason  for  changing  the  generic  name  which  has 
now  been  used  for  so  long  and  is  so  generally  recognized,  nor  is 
any  advantage  apparent  in  the  alteration  to  Lunaria  proposed  by 
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Kr.  Bnsk,  and  no  one,  however  eminent,  has  authority  to  alter  a 
well-established  name.  The  genus,  however,  can  only  be  looked  upon 
as  provisional,  since  it  is  almost  entirely  based  on  the  mode  of  growth. 
This  I  have  already  shown  to  be  unsatisfactory,  and  withhi  the  last 
few  weeks  hav^  received  from  New  South  Wales  a  recent  specimen 
of  FlabeUopora  elegans^  d'Orb.,  which  is  either  Lunulites  cancellatus, 
Busk,  or  very  closely  allied  to  it.  This  grows  in  an  irregular  sub- 
crescentic  form  with  two  layers  of  zooecia  separated  by  a  cellular 
structure  formed  of  avicularian  cells. 

Loc,  Fossil:  European  Cretaceous,  Miocene  and  Pliocene;  Mt. 
Gambler,  Muddy  Creek,  Bird  Rock  (Australia) ;  Napier  and  Wanganui 
(New  Zealand). 

Besides  the  species  discussed,  there  are  some  specimens  of  Retepora 
from  near  Napier,  and  a  Caberea  from  Waipukurau  which  may  be 
the  C,  crassimargihata  of  Busk. 

EXPLANATION  OF  PLATES  TI.-VIII. 

Plate  VL 
Fig.  1.  Membranipora  Lacroixii,  Aud.,  var.  grandis.    From  Napier. 
2l  annuluSj  Manz. 

3.  monostachys.    From  Napier. 

4.  Dumeriliiy  Aud.    From  Waipukurau. 

5. annulus,  Manz.    From  the  same  specimen  as  fig.  2. 

6.  monostaehys.  From  the  same  specimen  as  fig.  3.    From  Napier. 

7.  nobilis,  Ess.    From  Petane.  - 

8.  Manoparelia  divjunctcL,  Manz.    From  Napier. 

9.  Membrampora  annultu^  Manz. 

10. nobUis,  Ess.,  with  ct*lls  like  ovalis.    From  Napier. 

11.  MonoporeUa  loaipukurensts,  sp.  nov.     From  WaipuKurau. 
12b  Membranipora  oecultata,  sp.  nov.,  fossiL    From  Napier. 

13. ,  recent. 

[14.  Cancelled.] 

Pl^TB  VIL 

Fig,  15.  MonopOTtUa  erasaatina,  Waters,    Whakati. 

16.  Lepralia  recHlineata,  Hincks.    From  Waipukurau. 
17-  rostriffera,  Sm.    From  Napier. 

18.  Mcmbraniporella  nitida^  J.    From  Waipukurau. 

19.  Lepralia  semiluna,  yar.  simplex,  nov.     From  Napier. 

20.  Mueronella  firmata^  sp.  nov.    From  Waipukurau. 

21.  Sckvsoporella  canservata,  Waters.    Napier. 

22.  Rhynchopora  longirostris,  Hincks.    From  Napier. 

23.  Porina  grandipura,  sp.  nov.     From  Napier. 

24.  Mucnmella  alvareziana,  B.,  X  25.    From  Waipukurau. 
25. ,  X  85.    Ditto. 

Plate  VIII. 

Fig.  26.  Schieoporella  tuberoMt  Ess.,  yar.  angustaia.    From  Napier. 

27.  Micropora  vaHperforatat  sp.  noT. 

28.  SckizoportUa  cincttporat  U.,  var.  penonata.    From  Petane. 

29.  tuberosa.  Ess.,  recent.    From  Napier. 

30.  Mucronella  tricnspiSf  Hincks,  yar.  toaipukurensia ;  front  of  cells 

broken  down. 

31.  Mucronella  poroea^  H.,  yar.  minima.    From  Petane. 

32.  Membranipora  tpinosa,  Q.  &  G.    From  Napier, 

33.  CeUepora  decepta,  sp.  noy.    From  Napier. 
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Vig,  34.  Operoulum  of  LepnUia  recHliMata,  x  85. 
35.  BiaDdible  of  Lmralia  reeUHnuatii,  x  250. 

36. ,  x85. 

37.  •Operculum  of  Lepralia  Poissonii,  Aud.,  X  170. 
38. adpressa,  B.,  X  170. 

39.  Monoporella  capensM,  var.  dentaia.    From  Ifapier. 

40.  Operoulum  of  Membranipora  occvltata^  sp.  nov.,  X  250. 

41.  Operculum  of  Schizopcrella  cuvinaia,  MacG.,  x  170. 
42  &  43.  Opercula  of  Schuoporella  hyalina,  L.,  X  170. 
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7.  On  the  Dbifts  of  the  Vale  of  Clwtd  and  their  Relation  to  the 
Gates  and  Catb-bbposits.  By  T.  M^Ksnnt  Hu&hbs,  M.A., 
F.6.S.,  Woodwardian  Professor  of  Geology,  Cambridge.  (Bead 
NoTember  17,  1886.) 

[Platb  DL] 

PabtI. 

Introduction. 

THEqnestioiiBliere  inTolTed  are  many  and  Tarioa8,and  their  consider- 
ation carries  us  from  one  place  to  another  OTer  a  Tery  wide  area. 

We  cannot  safely  draw  inferences  as  to  the  age  and  origin  of  any 
drifts  on  the  borders  of  a  mountain-land  without,  on  the  one  hand, 
tracing  it  up  to  the  source  from  which  it  was  transported,  to  see 
whether  we  can  explain  the  distribution  of  the  Tarious  kinds  of 
material  of  which  it  is  composed,  and,  on  the  other  hand,  following 
it  as  far  as  possible  down  oTer  the  lowlands,  to  see  whether  any 
succession  of  deposits  or  organic  remains  or  eTidence  as  to  its  former 
extent  can  be  made  to  throw  light  on  the  conditions  of  the  age  in 
which  it  was  distributed. 

And,  seeing  that  most  caTCs  haTc  been  formed  and  filled  during 
the  age  of  accumulation  of  the  Tarious  superficial  deposits  which 
we  include  under  the  name  '*  drift,''  we  cannot  safely  speculate 
upon  the  age  or  origin  of  the  one  set  of  phenomena  without  con- 
sidering all  the  eTidence  to  be  deriTcd  from  the  other  also. 

Only  in  the  hilly  districts  can  we  find  caTcs  at  all,  and,  generally, 
the  more  important  occur  along  the  outskirts  of  the  high  lands, 
where  drifts  of  Tarious  character  are  apt  to  be  found.  The  relsr 
tion  of  the  local  drifts  to  the  caTcs  may  be  of  great  interest  if  the 
exact  place  and  age  of  those  drifts  haTC  first  been  clearly  made  out. 

We  must  first  therefore  inquire  whether  it  is  possible  to  estab- 
lish a  local  succession  in  the  drifts;  whether  the  dassifioation 
so  sn^ested  fits  in  with  the  conclusions  arriTed  at  in  adjoining 
districts  ;  whether  we  cau  arriTC  at  any  connected  history  of  the 
sequence  of  CTcnts  connected  with  the  caTes  consistent  wi^  all  the 
information  so  gathered. 

Such  are  the  questions  I  inTite  the  Society  to  discuss  with 
reference  to  a  part  of  North  Wales,  and  I  propose  to  bring  forward 
the  GTidenoe  I  haTC  collected  on  the  subject  in  the  lollowing 
manner : — 

A.  The  Drifts  of  the  Vale  of  Clwyd, 

1.  The  Arenig  Drift. 

2.  The  St.  Asaph  Drift. 

3.  The  Surfaco-drift. 

B.  The  Caves  of  the  Vale  of  Cflmjd. 

1.  TheCaTce. 

2.  The  CaTe-deposits. 
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Pabt  II. 
The  Arentg  Drift, 

Any  one  standing  on  Arenig  or  Llyfnant  and  looking  round  over 
the  wide  expanse  of  nnendosed  moorland,  would  see  at  a  glance  that 
there,  to  the  west,  was  a  basin  in  which,  under  somewhat  different 
conditions,  snow  might  collect  to  any  depth  and,  compacted  into  ice, 
crush  its  way  out  towards  Bala  between  the  two  Arenigs  and  over 
the  col  between  Llyfnant  and  Arenig  Mawr,  towards  the  head  of 
Bala  lake.  There,  to  the  north,  was  an  area  on  which  n^ves  would 
be  formed  of  the  snow  that  was  blown  from  the  crags  of  Snowdon 
or  Moel  Siabod,  or  many  another  glorious  peak.  There  is  the 
western  sea  stretching  away  beyond  the  mountains  of  Harlech,  and 
feeding  with  moisture  the  prevalent  south-west  wind,  which  keeps 
the  hill-sides  for  ever  damp,  and  at  Blaenau  Ffestiniog,  as  I  was 
informed  by  Mr.  J.  H.  Williams,  throws  down  yearly  133  inches  of 
rain.  The  dark  southern  end  of  the  valley  west  of  Arenig  etill 
holds  the  winter's  snow  in  its  deep  shadow  far  through  the  summer, 
and  has  in  consequence  the  name  of  TwU-}T-eira,  'Hhe  hole  of 
the  snow.''  The  long  esgair-like  ridges  running  down  from  it  are 
probably  due  to  the  torrents  diverted  by  the  snow. 

Push  the  mountains  up  till  the  moisture  that  fell  should  all  fall 
as  snow,  and  the  summer's  sun  should  quite  fail  to  undo  the  winter's 
frost,  then  the  nev^  must  form  there,  and  glacier-ice  must  flow 
from  the  Arenigs  and  Siabod,  &om  Snowdon  and  the  Cameddau. 

But  we  are  not  left  to  mere  speculation  on  this  point.  Over 
the  col  and  along  the  east  slopes  of  Uyfhant  the  glacial  strise  are 
still  seen  running  south.  They  score  the  rock  in  long  east  and 
west  furrows  on  the  rounded  shoulders  of  Arenig  Mawr  above 
Milltirgerig. 

Here  and  there,  in  some  deep  hollow,  the  remains  of  the  old  drift 
is  still  seen,  and  a  few  scratched  stones  are  found  in  the  fine  putty- 
like felspathic  mud  worn  as  the  flour  of  rock  in  and  under  the  ice 
from  the  volcanic  ashes  that  there  abound.  An  example  of  this 
drift  is  seen  in  the  hollow  scooped  out  in  the  soft  Graptolite-bearing 
shale  east  of  Maengrugog. 

Also  we  see  whence  the  boulders  came  that  lie  scattered  over 
all  the  region  to  the  east.  Under  every  precipice  of  ash  and  various 
porphyritic  rock  there  is  a  talus  formed  of  enormous  blocks  fallen 
from  the  clifis  above.  These  are  mostly  well-marked  rocks  which 
do  not  occur  again  in  place  among  the  formations  furlher  east. 

So  we  can  trace  this  drift  by  its  boulders  and  fine  felspathic  mud 
and  small  variety  of  rock  up  to  the  valleys  of  the  Dee  and  Glwyd 
and  far  beyond. 

As  we  travel  east  the  fragments  from  the  rocks  of  Arenig  and  its 
surrounding  district  become,  of  course,  less  conspicuous  compared 
with  the  material  that  the  ice  has  gathered  on  its  way ;  but  all 
the  material  has  been  transported  from  the  west — all  from  the 
rocks  of  Wales — and  the  striations  on  the  solid  rock  agree  with 
this.     We  have  already  noticed  how  the  grooves  ran  round  the 
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shoulders  of  Arenig  and  pointed  to  the  east.  Down  into  the 
valley  of  the  Dee  between  Corwen  and  Bala ;  up  the  steep  slope 
of  the  Berwjns,  as  shown  by  the  east  and  west  strise  south  of  Nant- 
caweddan ;  hill  after  hill  bears  traces  of  the  passage  of  the  ice  in 
that  direction.  There  must  have  been  some  barrier  on  the  north, 
perhaps  the  foot  of  a  great  ice-sheet  from  Scotland  and  the  Lakes, 
so  that  the  Welsh  ice  crushed  its  way  eastward  over  hill  and  dale, 
ignoring  all  the  highest  ranges  in  its  course,  down  into  the  Vale  of 
Clwyd,  scoring  the  limestone  rooks  at  Cefn,  as  seen  in  the  road- 
cutting  behind  the  stable-yard ;  then  up  over  the  high  hills  form- 
ing the  northern  end  of  the  Clwydian  Kange,  as  seen  on  the  top  of 
the  hill  S.E.  of  Cwm ;  across  the  Hope  Mountain  and  Minora ;  all 
the  striations  running  roughly  east.  No  icebergs  coming  from  the 
west  can  have  grounded  behind  Oefn.  AU  the  evidence  points  to 
land-ice  as  the  agent  to  which  we  must  refer  these  stries  on  the 
solid  rock. 

Along  the  Clwydian  Range  huge  blocks  of  the  volcanic  rocks  of 
Arenig  are  common.  A  group  is  seen  by  the  cottages  above  the 
Grove  near  Bodfari.  One  enormous  boulder  lies  at  the  junction  of 
the  highest  mountain-fences  N.W.  of  Moel  Eammau. 

The  more  northern  portion  of  the  drift,  derived  from  the  Snowdon 
rather  than  the  Arenig  area,  might  perhaps  be  distinguished.  There 
seems  to  be  a  difference  between  the  older  drift  near  the  north  coast 
and  that  a  little  further  south ;  but  all  comes  from  the  west. 

The  western  drift,  I  think,  is  seen  in  the  deep  sections  which  the 
Elwy  has  cut  into  the  hill-sides  above  Dolbcn,  and  especially  at  the 
bend  in  the  river  near  Dol,  where  landslips  have,  however,  some- 
what complicated  the  section,  bringing  down  some  newer  drifts 
which  lay  upon  it  higher  up  the  slope. 

One  section  gave  the  following  succession : — 

Fig.  1. — Diagram-Section  seen  at  bend  of  River  Elvjy,  near  Dol. 


b  f^d  ^*^  ''**^* }  ^**^  *^*PP^  ^^^"^  ^^^®- 

c.  Reddish  boolder-olay,  resting,  with  a  very  irregular  line  of  junction,  on  d, 
Northern  or  St.  Asaph  drift.) 

d.  Blue-grey  boulder-clay.    (Western  Drift.) 

The  newer  drifts  rest  with  a  very  iiregular  line  of  junction  on  an 
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old  blue-grey  clay  with  boulders,  all  from  the  Welah  rooks  to  the 
west 

In  the  Yale  of  Glwyd  the  denudatioii  which  out  down  through 
the  soft  or  easily  undermined  strata  of  the  St.  Asaph  (or  Northern) 
Drift  seems  to  have  been  often  arrested  when  it  reached  the  stiff 
tough  older  day  which  we  have  called  the  Arenig  (or  Western) 
Drift. 

At  the  bottom  of  the  cliff  beyond  Brynelwy,  near  St.  Asaph,  where 
the  river  had  removed  the  d^ris  from  the  landslips,  a  dark  blue 
day,  with  boulders  of  Welsh  rocks  only,  used  sometimes  to  be 
exposed ;  and  below  the  Mount,  nearer  St.  Asaph,  the  section  by  the 
river  often  shows  a  similar  dark  blue  boulder-clay  overlain  irregu- 
larly by  the  Marine  Sandy  Drift  (see  Section,  fig.  3,  p.  81).  The 
top  of  this  blue  boulder-clay  is  remani^,  as  in  the  Colwyn  Sections, 
only  that  in  the  Elwy  the  remani^  surface  of  the  old  drift  is  a 
boulder-day,  while  at  Colwyn,  in  the  section  next  to  be  described,  it 
is  a  sandy  clay. 

Along  the  coast  in  Colwyn  Bay  a  similar  dark  blue  day  full  of 
scratched  stones,  all  of  which  are  from  Welsh  Tocks,  is  exposed 
here  and  there.  For  instance,  at  the  base  of  the  cliff  about  200 
yards  N.W.  of  the  Bath  House  at  Aberrhyd,  where  the  following 
section  (fig.  2)  may  be  seen : — 

Fig.  2.— Section  seen  in  Sea-elif,  ahotU  200  yards  N,  W.  of  Bath 
House,  Aberrhyd,  Colwyn  Bay.     (Scale  80  feet  to  1  inch). 


a.  Ohooolate-red  day,  with  boulden;  some  scratohes. 

b.  Sand. 

c.  Yellow  laminated  aandj  (day. 

d.  Blue  day,  with  manj  ecratobed  stonee. 

d  represents  the  older  clay  left  by  the  ice  from  the  great  snowy 
region  to  the  west,  which  crept  downwards  from  the  central 
gathering.ground,  and  probably  at  one  time  levelled  up  much  of  the 
low-ridged  country  on  the  borders  of  the  mountain  land.  In  this 
no  trace  of  organism  has  ever  been  found,  except,  of  course,  the 
fossils  in  the  fragments  transported  from  the  older  rocks. 

Changing  somewhat  locally  according  to  the  source  from  which 
it  is  derived,  it  still  has  much  in  common  wherever  it  occurs ;  but  its 
chief  character  is  this,  that  in  the  district  under  examination  it 
contains  only  material  from  Welsh  mountaiiis  in  the  west. 

This,  then,  is  the  oldest  drift  I  know  of  in  the  Vale  of  Clwyd. 
Call  it  for  local  purposes  the  Arenig  Drift,  the  Western  Drift,  the 
Snowdon  Drift,  the  Great  Ice  Drift,  the  Older  Drift. 

I  deprecate  the  use  of  the  name  '*  Boulder-clay  '^  as  a  technical 
term  for  any  subdivision  of  the  series.    As  a  descriptive  term  for  any 


Digitized  by  LjOOQ IC 


BBIFE8  OF  IHB  YAUt  OJ  OLWTD.  77 

day  with  boulders  in  it,  it  is  required  for  ourrent  language.  So  the 
word  drift  is  required  for  common  use  in  the  sense  of  transported 
superficial  deposits  not  being  Tolcanio  ejectamenta,  or  rock  decom- 
posed in  place,  or  otherwise  included  by  more  strict  definition. 

What  seems  certain  is  that,  starting  in  the  Arenig  district,  we 
find  an  ancient  boulder-day  which  contains  no  fragments  from  any 
other  district,  and  no  trace  of  marine  action,  but  follows  the  tracks 
of  the  land-ice  away  to  the  east.  Whether  we  are  right  in  referring 
to  the  same  age  and  origin  certain  isolated  patches  of  boulder-clay 
which  occur  at  the  base  of  all  the  marine  drifts  of  the  north-east  of 
Wales  and  its  borders,  is  another  question ;  but  it  seems  to  me  that 
there  is  a  strong  d  priori  reason  for  expecting  that  such  patches 
should  be  left  here  and  there,  and  much  evidence  that  they  have 
been  detected  in  some  oases.  Besides  the  sections  described  above, 
in  which  there  seems  reason  to  suspect  its  existence,  I  may  appeal 
to  the  pablications  of  many  other  observers  for  the  occurrence  of 
an  older,  probably  land-ice  drift,  underlying  the  marine  drifts  of  the 
same  or  adjoining  districts.     See  : — 

ErroH.     Geol.  Mag.  vol.  v.  p.  349. 

Hall.     Geol.  Mag.  vol.  vii.  p.  509. 

Mackhttosh.  Geol.  Mag.  vol.  ix.  p.  15 ;  Quart.  Joum.  Geol.  8oc 
vol.  xxix.  (1873)  p.  355,  footnote;  voL  xxxiii.  (1877)  p.  738. 

Mklt,aki)  Bsadb.  Quart.  Journ.  Geol.  Soc.  voL  xxx.  p.  27; 
vol.  xxxix.  p.  83  ;  vol.  xli.  p.  102. 

Dx  Bakce.    Proc.  Geol.  Assoc.  voL  iv.  p.  221. 

SiRAHAK.  Mem.  Geol.  Survey,  '^  Geology  of  the  coasts  adjoining 
Bhyl,  Abergele,  and  Colwyn;"  Quart.  JToum.  Geol.  Soc. 
vol.  xlii.  (1886),  pp.  36,  37. 

Hub  drift  cannot  be  traced  continuously  to  the  east  or  north 
into  the  drifts  of  which  the  succession,  local  or  general,  has  been 
made  oat.  We  follow  it  to  the  margin  of  the  Cheshire  plains ;  but . 
where  it  ended  is  not  so  dear.  It  is  ever3rwhere  covered  by  newer 
deposits  over  the  low  ground  around  the  mountain-group  from 
which  it  came.  Mr.  Mackintosh  has  traced  what  he  considers  to  be 
the  ''junction  of  the  Arenig  felstone  and  Eskdale  granite  dis- 
persions "  along  the  hills  north  of  Llangollen  (Quart.  Joum.  Geol. 
Soc.  vol.  XXXV.  1879,  p.  425;  vol.  xxxvii.  1881,  p.  361);  and 
Mr.  Searles  Wood,  chiefly  from  the  evidence  collected  by  Mr.  Mackin- 
tosh, believed  that  the  Arenig  ice  terminated  somewhere  along  that 
line  {ibid,  footnote).  But  whether  left  by  the  Arenig  ice  at  an 
earlier  stage  of  further  eastward  extension,  or  derived  from  its 
terminal  boulder-days  during  the  period  of  submergence,  there  Ib 
no  doubt  that  the  Arenig  rocks  occur  in  the  drifts  far  over  central 
En^snd. 

It  is  difficult  to  correlate  land-ice  drift  with  marine.  Moreover  the 
ddest  drifts  of  East  Anglia  show  such  a  preponderance  of  northern 
material  that  we  must  suppose  that,  although  we  may  find  thero 
drift  of  approximatdy  the  same  age,  it  bdongs  to  a  different  ice* 
stream.  How  the  various  parts  of  such  a  sheet  turn  round  the  hiUs, 
cross,  overlap,  and,  in  the  greater  strength  of  one  or  other  mass^ 
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pTedominate,  may  be  seen  in  the  beautifully  dear  view  of  the 
Greenland  ice  given  in  the  Beport  of  the  Danish  Commifision 
(Meddelelser  om  Gronland,  Heft  1 :  Copenhagen,  1879). 

What  is  a  well-established  generalization  from  the  examination 
of  the  drifts  of  Eastern  England,  and  bears  upon  the  question  now 
before  ns,  is  that  there  are  along  the  eastern  coasts  two  quite  distinct 
stages — an  earlier  stage,  in  which  there  is  more  evidence  of  the 
direct  action  of  ice,  though  the  deposits  are  marine  like  those  of 
later  date,  and  these  older  drifts  contain  an  Arctic  fauna ;  and  a 
later  stage,  also  marine,  resembling  the  bonlder-clay  from  which  it 
is  chie6y  derived,  but  containing  few  northern  forms  of  life  and  no 
evidence  of  glacial  conditions  prevailing  near. 

See  also : — 

Searlbs  Wood.  Quart.  Jonm.  GeoL  Soo.  vol.  xxxvi.  1880,  p.  516 ; 
vol.  xxxviii.  1882,  p.  707. 

Gbikie,  J.  '  The  Great  Ice  Age,'  1877,  pp.  366-381 ;  « Prehistoric 
Europe,'  1881,  p.  264. 

Seables  Wood.     Geol.  Mag.  dec.  2,  vol.  v.  p.  15. 

A  type  of  the  older  drift  with  Arctic  shells,  perhaps  the  marine 
equivalent  of  the  Arenig  drift,  may,  I  think,  be  seen  at  Bimlington 
and  Bridlington  (see  references  below,  pp.  91,  92). 

Other  examples  might  be  quoted,  for  instance  the  Arctic  shells 
found  by  Brown  in  the  drift  at  Elie,  in  Eife,  and  Errol,  in  Perth, 
which,  according  to  Otto  Torell,  were  the  same  as  those  now  living 
in  front  of  the  Great  Glacier  at  Spitzbergen.  (Brown,  Eev.  Thos., 
Trans.  E.  Soc.  Edinb.  vol.  xxiv.  p.  627.) 

In  such  investigations  we  are  continually  met  by  the  great  diffi- 
culty of  determining  whether  a  drift  is  not  re-made  in  some  way  or 
another,  and  whether  scratched  stones  and  shells  may  not  have  been 
derived  from  older  deposits.  (See  also,  Einahan,  Geol.  Mag.  dec.  2, 
vol.  i.  "  Gladaloid  or  He-arranged  Drift ; "  Mellard  Beade,  Proc. 
Liverpool  Geol.  Soc.  1873-74,  p.  50,  "  Tidal  Action  as  a  Geological 
Cause.") 

Some  have  suggested  that  the  shell-bearing  drifts  of  North  Wales 
represent  portions  of  the  sea-bottom  thrust  forward  by  the  ice-foot 
and  pushed  up  the  flanks  of  the  mountains  till,  on  the  melting  of 
the  ice,  they  settled  down  where  they  now  lie.  There  seems  to  be 
no  doubt  that  such  transport  of  frozen  masses  uphill  and  the  coming 
to  the  surface  of  matter  in  glacier- ice  does  occur.  It  is  analogous 
to  the  travelling  of  boulders  across  valleys  and  uphill  in  glacier-ice, 
as  suggested  years  ago  by  Mr.  Goodchild  in  explanation  of  some  of 
the  phenomena  of  the  Lake-district  (Geol.  Mag.  dec.  2,  voL  ii.  1874 ; 
Quart.  Joum.  Geol.  Soc.  vol.  xxxi.  1876,  p.  66),  and  more  generally 
by  Prof.  James  Geikie  (Trans.  Geol.  Soc.  Glasgow,  vol.  iv.  1874, 
p.  236,  in  the  *  Scottish  Naturalist,'  and  in  his  paper  "  On  the  Inter- 
crossing of  Erratics").  Professor  Carvill  Lewis  refers  the  shell- 
bearing  deposits  of  North  Wales  to  the  terminal  moraine  of  a  mass 
of  land-ice,  which  carried  granite  from  Scotland  and  shells  and  flint 
from  the  bed  of  the  Irish  Sea  (Brit.  Assoc.  1886 ;  Geol.  Mag.  dec.  3, 
vol.  iv.  1887,  p.  29).    I  think,  perhaps,  he  would  make  an  exception 
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in  the  case  of  the  lower-level  sands  such  as  those  of  the  Yale  of  Clwyd ; 
bat  this  distinction  would  be  difficult  to  maintain,  and  the  manner 
of  occurrence  of  the  North- Wales  Marine  drift  along  well-defined 
terraces  and  with  current-bedding  and  horizontal  stratification 
bearing  a  definite  relation  to  the  physical  geography  of  each  district 
renders  this  explanation  improbable  in  that  case.  Besides,  the 
diaracter  of  the  shells  is  not  consistent  with  the  idea  of  such  extreme 
glacial  conditions.  The  Moel  Tryfan  deposit,  as  pointed  out  by 
Gwyn  JeflFreys  (Quart.  Joum.  Geol.  Soc.  vol.  xxxvi.  1880,  p.  356), 
is  not  strictly  glacial ;  the  fauna  has  a  Norwegian  rather  than  an 
Arctic  facies. 

So,  again,  in  the  case  of  the  marine  drifts  of  the  plains  of  Cheshire 
and  Lanca^iire,  Shone  draws  attention  to  the  mixture  of  forms 
(Qnart.  Joum.  Geol.  Soc.  vol.  xxxiv.  1878),  and  suggests  in  expla- 
nation that  the  Scandinavian  shells  in  the  sands  and  gravels  were 
derived  from  an  older  Boulder-clay  (p.  389).  Even  in  the  case  of 
the  clay-drift,  which  he  thinks  was  dropped  in  quiet  deep  water,  he 
shows  that  many  of  the  shells  must  have  been  carried  into  it  from 
a  eandy  shore,  and  explains  this  (p.  388)  by  reference  to  existing 
conditions  in  the  estuary  of  the  Dee,  where  shells  with  sand  in 
them  now  get  carried  out  by  thin  shore-ice  into  deeper  water.  In 
this  case  it  is  dear  that  scratched  boulders  of  granite  &c.  from  the 
northern  land-ice  drift  must  get  dropped  into  the  same  clayey 
deposit  without  having  their  striae  obliterated  by  being  rolled  along 
a  shingly  shore. 

Bearing  all  this  in  mind,  we  may  now  pass  on  to  consider  the 
second  division  of  the  drifts  of  the  Yale  of  Clwyd,  a  stage  in  which 
the  deposits  were  derived  in  part  from  the  old  western  drifts  above 
described,  and  also  in  part  from  the  boulder-clays  which  were 
formed  at  the  end  of  the  ice  from  the  Lake-district,  and  from  the 
shingle  which  travelled  along  the  shore  from  the  fiintr-bearing  drifts 
of  other  areas. 

Pabt  in. 

The  St,  Asaph  Drift. 

In  a  paper  read  before  the  Chester  Society  of  Natural  Science  in 
1880*  I  spoke  of  this  as  the  Clwydian  Drift;  but  as  further  sub- 
divisions seem  to  be  already  possible,  I  now  use  the  name  St.  Asaph 
Drift  as  more  precise  for  the  stratified  beds  on  which  the  Cathedral 
of  St.  Asaph  stands.  It  might  be  called  the  Sta-drift^  being  the  only 
drift  in  the  vale  which  we  know  to  have  been  of  marine  origin  ;  or 
we  might  speak  of  it  as  the  Newer  Drift,  to  distinguish  it  from  that 
older  deposit  on  which  it  rests  irregularly  wherever  the  two  are 
found  together,  and  which,  on  other  evidence,  seems  to  belong  to  a 
previous  state  of  things.  It  might  be  referred  to  as  the  Northern 
Drifts  seeing  that  in  it  we  find  for  the  first  time  in  the  history  of  the 
vale  fragments  of  northern  origin. 

*  Proc.  Chester  Soc.  Nat.  Sci.  no.  3  (1884) 
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This  drift  belongs  to  a  period  of  submergence  of  which  tihere  is 
other  evidence  all  round  the  coast  of  Wales.  Hence  it  is  clear  that 
we  must  divide  it  into  two  stages,  the  deposits  of  the  submergence 
and  those  of  the  emergence.  There  must  have  been  the  waste  along 
the  shore  of  the  encroaching  sea  as  the  land  subsided,  and^the  further 
down  the  valleys  sunk  the  safer  from  further  denudation  was  the 
debris  swept  into  the  deeper  parts.  There  must  have  been  shingly 
shores  and  diffia  of  boulder-clay  of  the  Arenig  Drift,  along  which 
landslips  took  place,  and  the  clay,  not  always  broken  up,  and  the 
included  stones,  not  always  rolled,  settled  down  into  the  fjords. 
Bound  the  shore  there  would  be  a  shingly  beach. 

Then  there  was  the  period  of  emergence,  when  the  land  rose  to 
where  we  have  it  now.  This  was,  of  course,  a  time  of  greater  waste 
and  destruction,  when  the  soft,  newly- formed  beds  were  lifted  up  to 
the  level  of  the  wind-waves,  or,  if  they  survived  the  lash  of  the 
waves,  were  raised  out  of  the  sea  to  be  acted  upon  by  the  summer 
sun  and  winter's  frost — ^by  the  torrents  of  rain  and  the  mountain- 
streams. 

80  we  must  expect  to  find  along  the  margin  of  the  valley  more 
sand  and  gravel,  and  towards  the  centre  more  clay. 

Now,  to  examine  the  sections  in  the  drifts  of  these  stages, 
I  will  take  them  in  an  order  convenient  for  my  purpose  of  corre- 
lation, first  giving  the  most  typical  and  clearly  made  out,  and  then 
following  them,  as  suggested  by  the  particular  points  of  variation 
which  I  am  endeavouring  to  explain. 

The  river  Elwy,  when  it  has  once  turned  north  after  breaking  out 
of  the  gorge  under  the  Cefh  rocks,  generally  dings  rather  to  the 
eastern  side  of  the  valley  till  it  joins  the  Clwyd  at  Ehydyddaudwr, 
above  Ehuddlan. 

Down  as  far  as  Pontyralltgoch  it  cuts  into  stained  Carboniferous 
rocks  capped  by  drift ;  but  soon  the  solid  rock  drops  out  of  sight, 
and  the  river  washes  the  base  of  a  slippery  slope  of  clay  and  sand,  as 
seen  where  it  cuts  into  the  steep  bank  south  of  Brynelwy. 

The  greater  part  of  the  drift  seen  in  this  section  must  be  referred 
to  the  St.  Asaph  Drift.  The  dark-blue  boulder-clay  sometimes  ex- 
posed at  the  base  near  the  north  end  may  be,  as  we  have  said  above 
(p.  76),  the  old  Arenig  Drift.  A  mass  of  gravel  and  sand  at  the 
top,  which  may  be  the  gravel  of  the  shore  during  emergence,  is 
brought  against  the  red  clay  by  an  ancient  settlement,  the  exact 
amount  and  direction  of  which  is  obscured  by  subsequent  slippings 
of  the  face  of  the  cb'ff ;  but  they  both  belong  to  tiie  same  set  of 
deposits,  and  contain  the  same  remains. 

In  the  wood,  less  than  100  yards  to  the  south,  more  day  is  seen, 
but  the  lower  pait  of  the  section  there  is  obscured  by  talus  and 
overgrown. 

The  upper  sand  and  gravel  is  generally  grey ;  the  clay  is  red. 
Lower  down  the  valley,  about  |  mile  south  of  the  Palace  of  St.  Asaph, 
a  similar  dark-red  clay  with  boulders  rests  upon  sharp  red  sand,  as  if 
derived  largdy  from  New  Red  Sandstone.  North  of  the  city,  just 
below  the  Mount,  another  section  through  the  St  Asaph  drift  is 
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generally  well  exposed,  being  kept  clear  of  talus  by  the  river,  which 
sweeps  the  foot  of  the  cliff.     (See  section,  fig.  3.) 

Here  bands  of  reddish  clay  occur  within  the  mass,  and  a  red 
boalder-clay  conies  on  above  on  the  east  and  south. 

It  is  excavated  for  brickmaking  near  the  railway,  a  little  north  of 
the  station  of  St.  Asaph,  and  again  dose  to  the  line  where  the  rail- 
way crosses  the  road  to  Danerch  farm-buildings.  This  clay  seems 
to  tiiicken  to  the  south.  In  the  well  at  Llanerch  it  was  proved  to 
37  feet  6  inches ;  while  at  Maeselwy,  in  the  well,  it  was  found  to  be 
54  feet  10  inches  in  thickness.     The  boulders  were  chiefly  at  the 


Fig.  3. — Sectian  seen  in  East  Bank  of  tlie  Elwy  below  the  Mounts 
St.  Asaj)h.    (Scale  80  feet  to  1  inch.) 


a.  Surface  wash. 

b.  Alternations  of  sand,  with  brown  or  red  olaj  and  loam ;  varies  much  from 
year  to  year,  as  the  river  cuts  back  the  cliff.  The  middle  part  is,  in  general, 
distinctly  banded  with  even-bedded  sand  and  loam ;  contains  flint,  gramte,  and 
Ma-sbells ;  scratched  stones  not  common. 

c.  Blue  clay,  with  many  scratched  stones ;  all  from  Welsh  hiUs  (except  some 
itones  from  b,  which  have  got  into  the  top  puddled  and  re-sorted  part). 

On  the  eastern  side  of  the  tongue  of  drift  that  parts  the  Clwyd 
and  the  Elwy  at  St.  Asaph,  opposite  Bronwylfa,  on  the  south,  there 
is  a  pit  showing  a  similar  section  in  the  St.  Asaph  Drift.  Here  it 
is  chiefly  sand,  for  which  the  pit  was  dug.  I  have  found  a  few 
fragmentary  sea-shells  in  it. 

On  the  west  side  also  of  the  valley  a  similar  drift  is  seen.  In  the 
road-cutting  opposite  Y  Roe  there  is  a  red  day  with  shells  and 
boulders.  Up  the  road  towards  Wigfair  Uchaf  red  sand  and  clay  is 
excavated  here  and  there.  East  of  Ffynonfair  Chapel,  just  below 
the  bend  of  the  road  where  it  leaves  the  cliff,  and  about  |  mile  south 
of  Glanllyn,  there  is  a  section,  the  upper  part,  at  least,  of  which  must 
be  referred  to  the  St.Asaph  Drift. 

On  top  in  the  road-cutting  there  is  a  kind  of  rain-wash  brick-earth    h,  in. 

full  of  nests  of  wild  bees 8  0 

Below  this  is  a  reddish  boulder-clay 25  0 

which  rests  on  a  red  sand  , 25  0 

and  that  on  greyish  boulder-day,  some  stained  red   ?35  0 

Q.J.G.S.  No.l69.  Q 
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It  is  about  50  feet  from  this  to  the  bottom  of  the  valley,  bnt  the 
whole  section,  though  changing  from  year  to  year,  is  generally  much 
obscured  by  slips  and  talus,  especially  towards  the  base,  so  that  I 
could  not  make  out  whether  there  was  rock  at  the  bottom  of  the 
section  here.  It  does  occur  at  this  level  on  the  other  side  of  the 
valley. 

These  sections  show  that  we  have  a  variable  deposit  of  gravel 
and  sand  and  boulder-day ;  and  we  must  now  examine  in  greater 
detail  the  constituents  and  general  characters  of  the  beds  before  we 
carry  our  identification  farther.  There  seems  to  be  occasionally  a 
surface-gravel,  coarse  and  grey,  the  result  of  the  winnowing  of  the 
St.  Asaph  Drift  during  the  emergence ;  but  the  highest  beds,  espe- 
cially along  the  central  part  of  the  valley,  generally  consist  of  red 
boulder-clay,  the  middle  of  sands  and  gravel,  with  subordinate  clay 
and  loam,  l^e  bottom  of  re-sorted  boulder-clay  or  sand  resting  on  the 
old  blue  boulder-clay,  some  of  which,  at  any  rate,  seems  to  belong 
to  the  more  ancient  western  land-ice  drift. 

Again  we  notice  two  distinct  groups  of  included  fragments — one 
consisting  entirely  of  those  with  which  we  have  become  familiar  in 
the  Arenig  or  ice-drift.  These  are  stones  from  the  far-off  mountains 
of  Wales,  and  others  which  the  ice  carried  from  much  nearer  to 
where  they  now  lie.  Where  they  have  been  dropped  into  clay  the 
scratched  stones  retain  their  strisB ;  where  they  occur  in  gravel  the 
scratched  stones  are  rare,  and  only  *'  the  ghosts  of  scratches  "  can 
be  seen. 

But  there  is  another  group  of  rocks,  none  of  which  are  scratched. 
Among  these  there  are  many  which  do  not  occur  in  place  in  Wales 
at  all.  They  are  in  form  and  surface  like  the  stones  found  on  any 
beach. 

The  characteristic  rocks  are  Scotch  and  Lake-district  granite  and 
other  igneous  rocks  and  flints.  This  is  true  chalk-flint,  not  chert 
from  Carboniferous  rocks,  of  which  there  is  also  some,  though  rare  ; 
for  the  principal  chert-bearing  strata  had  by  this  time  been  removed 
from  the  country  west  of  the  Vale  of  Clwyd.  These  all  occur  both 
in  the  gravels  and  the  upper  days. 

In  the  south  part  of  the  section,  near  Brynelwy,  I  have  found  an 
angular  fragment  of  one  of  the  scratched  boulders  buried  in  the  day. 
This  boulder  had  probably  been  exposed  in  some  preexisting  cliff  of 
boulder-clay,  had  been  shattered  by  frost  or  sun  or  fall,  and  one  bit 
had  dropped  unrolled  into  the  depth  below,  where  it  was  buried  in 
the  mud  and  preserved  from  further  injury.  Thus  it  retained  the 
sharp  fractured  edges,and  also  one  face,  which  had  formed  part  of  the 
surface  of  the  ice-scratched  block.  This,  I  take  it,  was  a  stone  out 
of  a  cliff  of  the  old  Arenig  ice-drift,  which  was  washed  by  the  sea 
in  the  submergence  during  which  the  St.  Asaph  Drift  was  formed. 

I  have  found  also  in  the  sand  and  gravel  of  the  same  section 
clay-balls,  containing  inside  only  fragments  of  Welsh  rocks,  but 
with  pebbles  of  the  gravel  stuck  all  over  the  outside,  just  as  I  have 
seen  balls  of  alluvial  clay  or  older  boulder-dajs  rolled  on  the  shore 
near  Prestatyn,  or  Pcnsarn,  or  Colw}'n,  or  near  Penrhos  in  Atigleftey, 
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all  similarly  studded  over  with  pebbles,  which  hare  stnek  to  the 
moistened,  softened  outside  of  the  clay-balls  as  they  rolled  along. 

At  the  time  of  the  formation  of  the  St.  Asaph  Drift  the  nearest 
cliffs  of  boulder-clay  were  the  masses  of  western  land-ice  drift,  in 
which  the  material  was  all  from  the  west.  All  the  scratched  stones 
were  out  of  that,  and  therefore  from  the  west.  There  were  other  cliffs 
of  boulder-clay  to  the  north  and  east,  from  which  northern  boulders 
fell  into  the  sea  and  drifted  along  the  shore ;  but  the  pebbles  from 
them  had  a  long  journey  by  all  sorts  of  conveyances  before  they 
reached  the  Vale  of  Clwyd  and  their  glacial  polish  and  grooving  was 
all  worn  away. 

Of  course,  the  distinction  founded  upon  the  occurrence  of  north- 
country  granites  and  flint  is  only  local.  The  north-country  land- ice 
drift  contains  the  granites  and  other  rocks  of  that  country  striated, 
and  the  older  boulder-clays  of  the  east  of  England  are  full  of  flints 
and  other  chalk  debris.  But  in  the  Vale  of  Clwyd  these  occur  in  the 
newer  marine  drifts  only. 

We  are  not,  however,  dependent  on  such  evidence  alone  to  prove 
that  these  deposits  are  the  result  of  the  action  of  the  sea.  Shells  are 
not  uncommon.  They  are  generally  fragmentary,  it  is  true,  just  like 
the  shells  thrown  up  in  the  sand  and  gravel  of  the  North  Welsh  coast 
to-day ;  but  they  are,  many  of  them  at  least,  determinable,  and  I 
have  made  a  small  collection  in  the  river-banks  described  above,  dose 
to  St.  Asaph. 

They  were  originally  determined  for  me  by  the  late  Searles  Wood, 
and  have  been  since  seen  by  many  good  authorities.  The  list  I  have 
given  in  column  I.  in  the  table,  p.  93. 

So  the  evidence  goes  to  show  that  here  we  have  a  marine  deposit 
much  like  that  which  is  being  formed  in  many  places  on  the  North 
Webh  coast  at  the  present  time,  where  banks  of  drift  and  clay  of 
various  age  are  being  wasted  by  the  waves.  There  seems  to  be  no 
necessity  for  supposing  that  glacial  conditions  still  prevailed.  The 
forms  of  life  are  not  Arctic.  None  of  the  stones  peculiar  to  the  deposit 
are  glaciated ;  only  those  derived  from  the  Welsh  hills  are  striated, 
and  they  were  probably  washed  out  of  the  old  Arenig  ice-drift. 

If  it  is  asked^  how,  then,  did  the  boulders  from  the  north  get  trans- 
ported to  the  Vale  of  Clwyd  ?  I  would  reply  that  many  may  have 
travelled  south  on  ice  when  the  northern  ice  abutted  against  the  ice- 
bound shore  of  North  Wales,  but  they  were  not  then  carried  into  the 
Vale  of  Clwyd.  They  came  there  and  along  the  coast  with  the  shore- 
shingle,  as  did  the  flints,  which  cannot  have  come  from  the  same 
country  as  the  granites.  We  may  expect  to  And,  somewhere  further 
north,  patches  of  the  old  north-country  boulder-clay  with  the  granite 
blo<^  in  it  scored  by  ice.  But  when  they  and  the  flints  were  tra- 
velling along  the  shore  as  shingle  all  the  original  strise  were  removed. 

In  following  the  Arenig  Drift  to  the  margin  of  the  Cheshire  plains 
we  are,  of  course,  tracing  it  to  what  may  have  been  always,  and  must 
have  been  for  a  long  time,  its  extreme  limit.  Therefore  it  is  not 
strange  to  find  that  there  is  a  larger  proportion  of  northern  forms 
among  the  shells  found  in  the  drifts  of  Cheshire  and  Lancashire. 

e2 
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Mr.  Shone,  in  hifi  excellent  paper  (Quart.  Jonm.  Geol.  Soc,  vol. 
xxxiv.  1878,  p.  384)  "  On  the  Glacial  Depoeite  of  West  Cheshire, 
together  with  lists  of  the  Fauna  found  in  the  Drifb  of  Cheshire  and 
adjoining  Counties,"  discusses  the  difficulty  of  explaining  the  mixture 
of  northern  and  southern  forms  in  the  drift.  He  says  (p.  389)  that  it 
is  ''  more  than  prohable  that  the  Scandinavian  shdls  of  the  Middle 
Sands  and  Gravels  have  been  derived  from  the  Lower  Bbulder- 
day ; "  and  again,  after  pointing  out  that  the  Upper  Boulder-day 
rests  upon  an  irregular  surface  of  the  Middle  Sands  and  Gravels,  he 
says,  ^'  what,  therefore,  more  likely  than  that  the  southern  forms, 
which  are  very  rare  in  the  Upper  Boulder-day,  should  have  been 
derived  from  the  Middle  Sands  ?  "  I  would  only  go  a  little  further  in 
the  same  direction,  and  ask  whether  the  Upper  Boulder-clay  may 
not  have  been  derived,  together  with  its  Scandinavian  shells,  from  an 
earlier  Boulder- day,  to  which  they  properly  bdonged. 

It  is  shown  by  Dr.  Eicketts  that  flints  occur  in  the  Boulder-day 
near  Birkenhead  (Quart.  Joum.  Geol.  Soc.  vol.  xli.  1885,  p.  597). 
Mr.  Mackintosh,  in  his  paper  <'  On  the  Limits  of  Dispersion  of  the 
Erratics  of  the  West  of  England  and  East  of  Wales  "*,  notices  the 
occurrence  of  flint  in  the  marine  deposits  of  sand  and  gravel  along 
the  eastern  borders  of  Wales ;  and  other  writers,  many  of  whom 
are  referred  to  in  the  course  of  this  paper,  notice  the  occurrence  of 
flint  on  Mod  Tryfan  and  in  the  drift  of  Lancashire  and  Cheshire. 

Aitken  records  that  flint  has  been  found  on  Holcombe  Hill,  near 
Manchester,  at  an  elevation  of  nearly  1000  feet  above  the  sea 
(Trans.  Geol.  Soc.  Manchester,  vol.  vii.). 

If  shore-ice  is  needed  to  explain  a  few  exceptional  gioups  of 
boulders  in  the  drift  or  on  the  hills,  that  does  not  involve  glacial 
conditions.  I  have  seen  shore-ice  in  the  estuary  of  the  Dee  that 
would  float  any  boulder  in  the  Yale  of  Clwyd.  I  have  seen  at 
Connahs  Quay  vessels  frozen  up  in  pack-ice  12  feet  thick,  which 
broke  away  in  icebergs  50  yards  across ;  and  Mr.  Alfred  Walker 
has  seen  the  boulders  shifted  by  shore-ice  alQUg  the  same  coast. 

The  St.  Asaph  Drift  falls  to  lower  levels  as  we  trace  it  down  the 
vale  to  the  north.  This  is  probably  due  chiefly  to  the  original  nor- 
therly slope  of  the  valley  in  which  it  was  thrown  down,  but  also 
may  have  been  increased  by  an  unequal  movement  of  elevation,  and 
probably  more  by  the  greater  denudation  near  the  mouth  of  the  estuary. 

It  occurs  in  bosses  and  ridges  of  red  sandy  drift  near  Bhuddlan, 
the  last  place  where  I  have  seen  anything  that  could  be  referred  to 
it  being  a  sand  and  gravel,  with  bits  of  red  shale  and  day,  in  a 
ditch-section  ^  mile  N.W.  of  the  village,  and  the  upper  beds  passed 
through  in  the  Aberkinsy  borings.  It  was  probably  represented  in 
the  Foryd  boring  alsot. 

*  Quart.  Joum.  (Jeol.  Soc.  vol.  xxxr.  1879,  p.  446 ;  Trimmer,  Proc.  Owl. 
Soc.  Tol.  i.  1831,  p.  831  ;  Journ.  Geol.  Soc.  Dublin,  toI.  i.  1838;  Mackintosh, 
Quart.  Journ.  i3teoL  Soc.  toL  xzxiii.  1877,  p.  736 ;  Buckland,  Proc.  Geot  Soc. 
vol.  iii.  1841,  p.  584 ;  '  Athenaum,'  1842 ;  Darwin,  Lond.,  Edinb.,  &  DubL  Phil. 
Hag.  vol.  xxi.  1842. 

t  "Notes  on  the  Geology  of  the  Vale  of  Olwyd,"  Proc.  Chester  Soc.  Nat. 
Soi.  1884,  p.  36 
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It  is  of  great  importance  for  our  present  purpose  to  inquire  what 
18  the  charaoter  of  this  drift  where  it  abuts  against  the  rock  along 
the  flanks  of  the  hills  that  bound  the  vale,  ^e  dearest  section  is 
that  seen  in  the  large  limestone-quarry  by  the  road  north-west  of 
the  old  British  camp  of  Parcymeirch,  near  the  village  of  St.  George ; 
here  a  well-washed  sand  and  gravel  abuts  against  a  steep  slope  of 
weathered  limestone,  as  shown  in  the  section,  fig.  4. 

Fig.  4. — Section  in  Quarry  near  the  Village  of  St,  George. 
(Scale  30  feet  to  1  inch.) 


A.  Mountain  Limeetone,  dip  20^  N.N.E. 

B.  Sand  and  grayel. 

O.   Beddiah  boulder-day,  with  fragments  of   sea-shellei  and  soratobed 

Btonee. 
D.  TaluB. 

In  this  section  it  is  quite  dear  that  a  boulder-day  has  filled  up 
an  embayed  comer  in  ^e  limestone,  and  that  a  sand  and  gravd 
swept  down  the  ravine,  perhaps  into  the  sea,  has  caught  against 
the  projecting  mass,  covering  the  crags  and  the  clay-filled  hollows. 
The  process  of  quarrying  has  left  a  thin  wall  of  limestone  in  front 
of  the  gravel  and  underlying  clay-drifb,  the  removal  of  which  in 
one  place  gives  the  appearance  of  a  drift-filled  fissure.  The  red 
colour  of  parts  of  this  day  may  have  been  derived  from  the  decom- 
position of  the  limestone  in  which  it  occurred,  and  not  from  the  New 
Bed. 

Further  west  still,  at  Colwyn  Bay,  variable  deposits  of  sand, 
gravel,  and  day  occur  at  various  levels  up  the  flanks  of  the  hills. 
From  some  of  these,  at  a  height  of  about  120-150  feet  above 
the  sea,  Mr.  Alfred  Walker  has  collected  the  shells  given  in 
column  II.  of  the  Table,  p.  93. 

AU,  except  Astarte  horeaUsj  are  now  found  upon  our  coasts  (see 
Jef&eys's  Brit.  Conch,  vol.  ii.  p.  320). 
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On  the  other  or  eastern  side  of  the  Yale  of  Clwyd,  the  Talargooh 
beds  abnt  against  the  rock  at  the  northern  end.  Here  mining 
operations  have  been  carried  on  along  the  rock-surfaoe,  seeking  for 
the  lumps  of  ore  that  occnr  in  the  base  of  the  gravels  like  the 
"  stream  tin  "  in  Cornwall.  I  have  found  shells,  TeUina  hdlthica, 
in  some  more  clayey  beds  along  the  edge  of  the  rook,  and,  in  the 
deep  gravel  at  the  bottom  of  the  workings,  bones  &c.  are  said  to 
have  been  found  (Proc.  Chester  Soc.  Nat.  Sci.  1884,  p.  31)  in  old 
times,  and  in  more  recent  times  similar  discoveries  have  been  re- 
ported. 

If  we  are  ever  able  to  distingnish  between  the  deposits  of  the  sub- 
mergence and  those  of  the  emergence,  the  Talargoch  gravels  will,  I 
suspect,  be  referred  to  a  late  time  in  the  age  when  the  land  was 
coming  up  again. 

Now  we  must  bear  in  mind.  First,  that  the  colouring-matter 
of  the  New  Bed  Sandstone  occurs  as  a  thin  pellicle  of  oxide  round 
the  grains,  so  that  when  they  have  been  much  knocked  about,  the 
sand  is  colourless,  and  the  oxide  is  carried  in  the  water  to  stain  new 
beds  of  finer  texture  where  it  can  settle  down. 

Secondly,  that  the  New  Bed  does  not  attain  any  considerable 
elevation  in  the  Yale,  so  that  in  the  submergence  it  was  soon  below 
the  reach  of  ordinary  denudation.  Thus  we  may  expect  that  many 
of  the  drifts  derived  from  it  will  not  be  red,  because  the  colour  has 
been  washed  out,  and  many  drifts  of  the  same,  or  only  slightly  dif- 
ferent age,  will  be  the  one  red,  the  other  grey,  according  as  any 
source  of  the  red  colour  was  still  in  the  line  of  drifting  or  not. 

Great  masses  of  grey  gravel,  near  Brynypin,  at  an  elevation  of 
about  500  feet,  clearly  belong  to  some  part  of  this  age ;  and  when 
the  sea  was  there  it  must  have  left  gravel  and  sand  above  the  more 
ancient  drifts  along  the  Elwy  above  PontyrddoL 

At  Brynypin  there  must  have  been  a  tidal  swill.  All  down  the 
east  slope  of  the  same  hill,  on  the  south  side  of  Bodelwyddan  Park, 
the  red-clay  drift  is  seen  in  the  road-cuttings,  where  boulders  of 
north-country  granite  are  not  uncommon,  at  any  rate  up  to  a  height 
of  300  feet. 

On  the  eastern  flanks  of  the  Clwydian  range  there  are  grey  gravels 
high  up  the  hill  on  the  south  side  of  Cwm  Nannerch,  for  instance, 
wMch  might  well  belong  to  this  same  age ;  but  in  the  absence  of 
fossils  and  opportunities  for  a  more  careful  examination  of  the 
constituents,  we  must  suspend  our  judgment  here;  for  they 
might  be  also  the  gravels  at  the  foot  of  the  great  ice,  when  it  had 
receded  just  so  far.  The  esgair  drift  below  also,  near  Bryn 
Nannerch,  requires  more  evidence  before  we  can  feel  sure  about 
its  age. 

Tl^  miles  and  a  half  to  the  £.S.£.  from  here,  on  the  hill-top 
near  where  the  "  g  "  of  Caerhug  is  engraved  on  the  1-inch  map,  S\ 
miles  W.S.W.  of  Northop,  some  650  feet  above  the  sea,  I  have 
collected  sea-shells  in  the  drift.  This  is  an  interesting  place  to  find 
them,  for  it  lies  halfway  between  the  shell-bearing  beds  of  Moe 
Tryfan  and  the  similar  deposits  near  Macclesfield ;  while  if  we  trave 
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on  in  the  same  line,  as  fiar  again,  we  find  the  Hesale  beds  con- 
taining the  same  faana. 

In  all  theee  beds  there  are  flints  somewhat  rolled,  sabangolar,  as 
they  call  them,  but  never  worn  to  pebbles. 

Bound  the  south  coast  to  Pembrokeshire  we  find  the  same,  and 
the  low-lying  plateau  at  St.  David's  is  covered  by  a  gravel  containing 
fiints ;  but  I  have  not  as  yet  found  traces  of  shells  in  it  there. 

This  is  part  of  a  wide  submergence,  and  of  course,  when  the 
higher  hills  were  submerged  to  the  extent  that  I  have  shown  above, 
the  lower  regions  and  the  hollow  places  were  all  below  the  sea,  the 
lowest  going  down  first ;  so,  as  the  climate  was  growing  milder  at 
the  dose  of  the  age  of  glaciers,  the  more  southern  and  temperate 
forms  of  life  kept  following  on  the  receding  ice,  but  the  earlier 
deposits  would  stUl  contain  many  of  the  Arctic  types.  This  may  be 
the  reason  why,  in  Mr.  Shone's  lists  of  shells  from  the  drifts  in 
Cheshire  and  South  Lancashire,  there  are  so  many  more  northern 
species  than  appear  among  the  shells  in  the  Yale  of  Olwyd,  or  Golwyn 
Bay,  or  the  higher  levels  of  Moel  Tryfan,  Caerhug,  or  Macclesfield. 
Or  it  may  be  that  the  Scandinavian  shells  are  derived  from  an  older 
boulder-day. 

But  we  must  not  attach  too  great  importance  to  this  point ;  for 
the  persistence  of  a  few  northern  forms  does  not  justify  our  referring 
even  these  beds  to  the  glacial  age.  Nearer  the  mountains  we  have 
abundant  evidence  that  the  deposits  we  have  called  the  St.  Asaph 
Drift  are  Postglacial.  The  striated  stones  are  all  such  as  might  be 
derived  from  the  preexisting  Arenig  Drift;  none  of  the  stones 
peculiar  to  the  St.  Asaph  Drift  are  glaciated.  Broken  glaciated 
boulders,  balls  of  Arenig  boulder-clay,  and,  with  very  few  exceptions, 
shells  not  of  Arctic  type  occur  in  this  St.  Asaph  Dnf  t. 

Deposits  of  a  submergence  which  succeeded  the  age  of  great 
glaciation  have  been  recognized  round  the  north  and  east  of  Wales 
(Mackintosh,  Quart.  Joum.  Geol.  Soc.  vol.  xxxviii.  1882,  p.  184). 
Along  the  '*  Severn  Straits  "  and  beyond  into  the  Midland  counties, 
relics  of  tke  material  washed  from  the  older  drift  are  recognized  * 
(Bev.  W.  Lister,  Q.  J.  G.  S.  vol.  xviii.  1862  ;  Davies,  Proc.  GeoL 
Assoc,  vol.  iv.  1876,  p.  423;  Crosskey,  Proc.  Birmingham  PhiL  Soc. 
vol.  iii.  1882,  p.  209). 

Marine  deposits  of  this  age  occur  over  the  plains  of  Cheshire  and 
Lancashire,  as  may  be  seen  from  the  references  I  give  below  with 
the  lists  of  shells  (see  also : — ^De  Banco,  Quart.  Joum.  Geol.  Soo. 
voL  xxvi.  1871,  p.  641,  Mem.  Geol.  Survey,  "  Superficial  Geology  of 
8.W.  Lancashire  "  ;  Mackintosh,  Chester  Soc.  Nat.  Sci.  Feb.  1876, 
Quart.  Joum.  GeoL  Soc.  vol.  xxv.  1869,  p.  407,  voL  xxxiii,  1877, 
p.  732 ;  Bicketts,  Proc.  Liverpool  Geol.  Soc.  1876-7,  p.  245 :  Morton 
and  Shmbsole,  Proc.  Liverpool  Geol.  Soc.  1876-6 ;  Morton,  G,  H. 
ib.  1876-7,  p.  294,  &c.,  Bep.  Brit.  Assoc.  1876,  p.  110,  Geol. 

*  In  a  paper  jast  publishedi  Mr.  Beeley  says  of  the  Pleistocene  sucoesaion  in 
the  Trent  Basin,  "  all  the  deposits  I  have  described  as  belonging  to  the  two 
preTious  epochs  [Older  and  Middle  Pleistocene]  were  formed  during  one  con' 
tmuoas  period  of  sabmergenoe  '*  (Q.  J.  G.  S.  Tol.  xlii.  1886,  p.  467). 
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Mag.  dec.  2,  voL  iii.  1876,  p.  526 ;  Strahan,  Mem.  GeoL  SuTyey, 
'<  Geology  of  Chester " ;  MeUard  Eeade,  Quart.  Joum.  GeoL  Boo. 
ToL  xxxbc.  1883,  p.  92 ;  Wood,  8.  V.,  GeoL  Mag.  dec.  2,  voL  iii. 
1876,  p.  396,  footnote). 

But  along  the  east  coast,  both  north  and  south  of  the  Wash, 
marine  conditions  prevailed  long  before  the  ice  had  receded  into 
the  high  mountains,  and  in  the  shells  of  the  older  drift  we  find  the 
record  of  this. 

I  have  not  entered  into  the  discussion  of  the  exact  subdivisions  or 
correlation  of  these  beds.  I  have  referred  to  some  authorities  for 
just  the  point  above  stated  of  an  older  Glacial  and  a  newer  Fosir- 
glacial  drift.  For  local  purposes  a  more  minute  subdivision  is 
possible  and  useful,  but  Ht  present  I  think  we  must,  for  wider  cor- 
relation, adhere  to  a  simpler  system,  and  speak  of  one  great  gla- 
ciation  succeeded  by  one  great  submergence  in  the  west ;  and  in 
the  east,  an  older  marine,  probably  synchronous  with  the  first  or 
land-ice,  and  a  newer  marine,  the  clu*onological  equivalent  of  the 
second  or  age  of  submergence  in  the  west.  For  some  suggestive 
remarks  on  this  subject  see  Jamieson,  "  On  the  Cause  of  the  Depres- 
sion and  Be-elevation  of  the  Land  during  the  Glacial  Period,"  GeoL 
Mag.  dec.  2,  vol.  ix.  1882.  (See  also  Dakyns,  **  Glacial  Deposits 
north  of  Bridlington,"  Yorksh.  GeoL  Polytech.  Soc.  vol.  vii.) 

In  the  subjoined  table  (p.  93)  I  have  given  a  list  of  the  shells  in  the 
St.  Asaph  Drift  and  from  beds  in  adjoining  districts,  which  it  appears  to 
me  belong  to  about  the  same  age.  I  have  added  in  the  last  column 
for  comparison  a  list  of  the  shells  from  what  is  probably  a  marine 
deposit  of  the  age  of  the  Arenig  land-ice. 

By  reference  to  the  authors  quoted  it  will  be  seen  that  in  many 
cases  there  are  subdivisions  of  importance  in  the  beds  which  I  have 
included  under  one  he^  and  that  some  of  the  forms  which  I  have 
recorded  may  have  been  derived  from  older  deposits.  It  is  clear 
also,  from  the  great  difierence  of  elevation,  lithological  character, 
and  proximity  to  the  mountains,  that  a  somewhat  different  facies  may 
be  expected  from  deposits  which  have  been  laid  down  at  different 
times  in  one  long  age  of  changing  geographical  conditions  and 
climate.  But  nevertheless  this  point  seems  to  be  clearly  estab- 
lished, that  the  shells  enumerated  in  columns  I.  to  YU.  all  belong 
to  a  somewhat  northern  temperate  group  (t.  e,  are  Post-Gladal), 
that  under  the  deposits  in  which  they  occur  on  the  west  are  the 
land-ice  drifts  of  the  Welsh  and  Lake-country  mountains,  and 
that  below  their  equivalents  in  the  east  are  Old  Boulder-clays  con- 
taining, either  scattered  through  the  mass  or  in  included  masses  of 
contemporaneous  sand  and  clay,  a  severely  Arctic  group  of  shells. 
These  shells  are  recorded  in  column  VIII. 

I  have  omitted  all  notice  of  the  Eohinoidea  or  Foraminifera,  as 
not  being  of  sufficiently  common  occurrence  to  be  useful  for  our 
present  purpose  of  correlation. 

The  references  to  the  formation,  locality,  and  age,  and  the  sources 
of  information  are  as  follows : — 

In  column  I.  are  indicated  the  shells  found  in  the  marine  sands 
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and  gravek  of  St.  Asapb.  These  were  originally  determined  for  me 
by  Beorles  Wood,  The  colleoidon  is  now  in  the  Woodwardian  Mnsenm 
at  Cambridge.     See  also : — 

HveHES.  ^'  On  the  Eyidence  of  the  Later  Movements  of  Elevation 
and  Depression  in  the  British  Isles,''  Vict.  Inst,  or  Phil.  Soc. 
Great  Brit,  March  15, 1880,  p.  6. 

HveHXB.  "  Notes  on  the  Geology  of  the  Vale  of  Clwyd,"  Proc. 
Chester  Soc.  Nat.  Sci  pt.  3,  1884,  p.  29. 

In  oolnmn  II.  I  have  given  an  unpublished  list,  kindly  placed  at 
my  disposal  by  Mr.  A.  0.  Walker,  of  shells  collected  and  determined 
by  him  from  beds  about  120-150  feet  above  the  level  of  the  sea  in 
Colwyn  Bay.  These  specimens  are  in  the  Grosvenor  Museum, 
Chester. 

In  column  III.  I  have  recorded  the  shells  from  Moel  Tryfan  noticed 
by: — 

Tbimmbb.  Proc.  Geol  Soc.  vol.  i.  1831,  p.  332 ;  Joum.  Geol. 
Soc.  Dublin,  vol.  i.  1838,  pp.  286,  336 ;  Kept.  Brit.  Assoc. 
1838,  Trans.  Sect.  p.  86. 

FosBxs.    Mem.  Geol.  Survey,  vol.  i.  1846,  p.  336. 

Dabbishibb.     Geol.  Mag.  vol.  ii.  1865,  Table,  p.  298. 

Mbllabd  READift.     Quart.  Joum.  Geol.  Soc.  vol.  xxx.  1874,  p.  30. 

Raxsat  and  Ethbbidgb.  ^  Physical  Geography  and  Geology  of 
Great  Britain,'  1876. 

Ltxll.     <  Antiquity  of  Man,'  3rd  edition,  p.  525. 

Shokb.    Quart.  Joum.  Geol.  Soc.  voL  xxxiv.  p.  383. 

GwTN  Jbffbbys.  Quart.  Joum.  Geol.  Soc.  vol.  zzxvi.  1880, 
p.  351. 

Gwyn  Jef&eys  says  that  the  Moel  Tryfan  deposit  was  not  strictly  a 
glacial  one.    The  faona  has  a  Norwegian  rather  than  an  Arctic  fades. 

In  column  lY.  I  have  placed  the  few  shells  which  have  been  re- 
corded from  the  sands  and  gravels  which  occur  at  intervab  along 
the  high  ground  that  rises  from  the  Cheshire  plain  on  the  west,  from 
the  Yale  of  Llangollen  to  the  estuary  of  the  Dee,  thus  forming  the 
eastern  boundary  of  the  Yale  of  Clwyd.  I  have  verified  the  occurrence 
of  these  by  finding  some  myself,  but  I  have  not  added  to  the  spedes 
recorded  by  Mr.  Mackintosh  *. 

In  column  Y.  I  have  placed  together  aU  the  recorded  shells  from 
the  drifts  of  the  lower  levels  of  Lancashire  and  Cheshire.  Por  the 
subdivisions  of  these  beds  the  paper  by  Mr.  Shone  (Quart.  Joum. 
Geol.  Soc.  voL  xxxiv.  1878,  p.  383)  may  be  referred  to.  Mr.  Shone 
thinks  that  the  Ibwer  beds  of  his  sections  are  of  considerably  greater 
antiquity,  and  indicate  much  more  boreal  conditions  than  the  over- 
lying sands  and  gravels  and  their  covering  clay.  He  suggests  that 
some  of  the  northern  shells  found  in  the  upper  deposits  may  have 
been  washed  out  of  older  beds,  and  therefore  not  be  a  fair  index  of  the 
climatal  conditions  of  the  deposit  in  which  they  are  found.  Mellard 
Beade  considers  that  the  various  beds  from  which  he  has  obtained 
shells  in  Lancashire  and  Cheshire  are  only  local  developments  of  one 
aeries.     Provisionally  he  groups  them  aU  together  under  the  title  of 

«  Quart  Joum.  GeoL  Soo.  voL  zxx.  (1874),  p.  712,  yoI.  zxxrii.  (1881)i  p.  360. 
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Low-level  BouUer-claye  and  Sands  (Quart.  Jonrn.  OeoL  Soo.  yoI. 
1874,  p.  36). 

It  does  not  appear  that  any  one  has  detected  in  that  area  any 
patches  of  the  dnft  directly  due  to  the  northern  land-ice  from  which 
so  much  of  the  material  of  all  later  drifts  has  been  derived.  The 
numerous  records  of  glacial  striaB  on  the  solid  rock  lead  one  to  think 
that  there  cannot  have  been  much  erosion  since  the  ice,  whether 
land-ice  or  iceberg,  passed  over  it  (see  Mellard  Reade,  Proc.  Liverpool 
Geol.  Soc.  1872-73,  p.  42  ;  Morton,  ib.  1876-77,  p.  284).  But  as 
none  of  the  marine  deposits  referred  to  under  this  head  can  have 
been  laid  down  until  after  the  recession  of  the  northern  ice,  they 
must  belong  to  an  age  of  less  severe  climatal  conditions.  On  the 
other  hand,  as  the  ice  must  have  lingered  on  the  high  ground  of 
North  Lancashire  and  Wales  long  after  the  sea  had  covered  the 
Cheshire  and  Lancashire  plains,  some  of  these  Lancashire  and  Che- 
shire drifts  may  well  be  nearer  the  glacial  age  than  the  drifts  the 
shells  of  which  are  recorded  in  columns  I.,  II.,  LEI.,  and  lY. 

See  also: — 

Egektow.     Proc.  Geol.  Soc.  vol.  ii.  1836,  pp.  189,  415. 

BiKNEY.    Mem.  Lit.  Phil.  Soc.  Manchester,  vols,  viii.,  x.  (1852). 

MoKTow.     Proc.  Geol.  Soc.  Liverpool,  1870-71,  p.  91. 

Paterson.     Proc.  Warrington  Lit.  Phil.  Soc. 

Mackintosh.  Quart.  Journ.  Geol.  Soc.  vol.  xxviii.  1872,  p.  388, 
with  Note  by  Gwyn  Jefeeys,  p.  391,  and  note  by  Searles 
Wood,  p.  392. 

Mellabd  IUade.  Quart.  Journ.  Geol.  Soc.  vol.  xxx.  1874, 
pp.  27,  281,  vol.  xxxix.  1883,  p.  83 ;  Proc.  Geol.  Soc.  Liver- 
pool, 1874-75,  p.  35. 

Ffabikgton,  quoted  by  Dabbishibe.  Quart.  Journ.  Geol.  Soo. 
vol.  xxx.  1874,  p.  38. 

In  column  YI.  will  be  found  a  list  of  the  Macclesfield  drift-shells. 
I  have  not  distinguished  the  older  and  newer  beds  of  Mr.  Darbishire. 
(Manchester  Lit.  Phil.  Soc.  vol.  iii.  1865,  p.  66 ;  Geol.  Mag.  vol.  ii. 
1865,  pp.  41,  298.)  The  shells  recorded  as  having  been  found  by 
Prestwich  in  1862  were  from  the  same  drift  in  an  adjoining  pit. 

See  also: — 

Saihtbb.    ^  Eambles  round  Macclesfield.' 

Mackietosh.    Quart.  Journ.  Geol.  Soo.  vol.  xxxvii.  p.  363. 

Plant.  Geol.  Soc.  Manchester,  Feb.  1865;  Geol.  Mag.  vol.  ii. 
1865,  p.  179. 

Mellabd  Keade.  Mem.  lit.  Phil.  Soc.  Manchester,  1864-65. 

In  column  YII.  I  have  marked  the  shells  of  the  Hessle  Beds,  that 
is,  practically,  the  shells  collected  by  Professor  Prestwich  in  the 
gravels  of  Kelsea  Hill.  The  list  was  revised  by  Gwyn  Jeffreys,  and 
published  in  Prestwich's  paper  on  the  Kelsea  Hill  Beds  (Quart. 
Journ.  Geol.  Soc.  vol.  xvii.  1861,  p.  448).  See  also  Clement  Eeid, 
Mem.  Geol.  Survey,  "  Geology  of  Holdemess  "  (see  below,  p.  93). 

These  beds,  according  to  Searles  Wood,  are  postglacial,  and  are 
identified  with  beds  which  rest  on  Boulder-day,  and  with  others 
which  are  overlain  by  still  more  recent  Lacustrine  deposits  with 
Anodonta^  OycHas^  Paludina^  &c. 
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It  18  intereBtbg  to  note  ihe  occorrence  of  Cyrena  (CorbiciUa) 
fiwmnaiis  in  these  beds,  which  (though,  as  pointed  ont  to  me  by 
Mr.  Clement  Beid,  it  ranges  down  to  the  Cromer  Forest-bed)  is  such 
a  common  and  characteristic  fossil  in  the  March  Beds  and  the  post- 
glacial river-terraces  of  the  south-east  of  England — the  valley  of 
the  Cam,  for  instance  (c/.  Searles  Wood,  Geol.  Mag.  vol.  ix.  1872). 
See  also: — 

Phillips,  Quart.  Joum.  Geol.  Soc.  vol.  xxiv.  1868,  p.  250. 

Wood  and  Kome.     Quart.  Joum.  Geol.  Soc.  vol.  xxiv.  1868, 
p.  146. 

Hall.    Liverpool  Geol.  Soc.  Dec.  11,  1866. 

Skablbs  Wood.    Geol.  Mag.  vol.  viii.  Sept.  1871,  p.  406. 

Lampluoh.    Yorkshire  GeoL  Polytech.  Soc  1879,  pp.  8,  9. 

Juxbb-Bbowits.  Quart.  Journ.  Geol.  Soc.  vol.  xxxv.  1879, 
p.  397. 

All  ^e  beds  from  which  the  fossOs  were  obtained  which  are 
recorded  in  columns  I.  to  YII.  must  be  considered  to  belong  to  an 
age  when  severely  arctic  conditions  had  ceased  to  prevail,  and  which 
therefore  may  be  called  Postglacial. 

In  column  VIII.  I  have  indicated  the  shells  which  have  been 
obtained  from  the  Bridlington  Drift.  When  examining  the  Dim- 
lington  Section  some  years  ago,  in  company  with  Mr.  Leonard  Lyell, 
I  noticed  in  the  lower  part  of  the  cli£&  a  short  lenticular  mass  of 
greenish  sand  full  of  sheUs.  It  was  so  small  that  we  worked  it  out 
completely.  In  it  we  found  Nucula  CohholdicB  perfect  and  Astarte 
compressa  with  valves  adherent,  and  seven  other  species  (see  Hughes, 
"  On  the  Evidence  of  the  later  Movements  of  Elevation  and  Depres- 
sion in  the  British  Isles,"  Vict.  Inst,  or  Phil.  Soc.  Great  Britain, 
March  15,  1880,  p.  8).  Mr.  Lamplugh  has  since  procured  shells 
from  similar  beds  in  the  same  neighbourhood,  and  has  well  worked 
out  the  equivalent  Bridlington  Drifts  (Brit.  Assoc.  1881 ;  GeoL 
Mag.  dec.  2,  vol.  v.  p.  609,  vol.  vi.  p.  393,  voL  viii.  1881,  p.  536, 
voL  ix.  p.  383 ;  Quart.  Joum.  Geol.  Soc.  vol.  xl.  1884,  p.  312,  in 
which  are  notes  by  Gwyn  Jeffireys,  E.  T.  Newton,  and  Dr.  Crosskey ; 
Proo.  Geol.  Polytech.  Soc.  Yorkshire,  pt.  i.  1881,  p.  383,  pt.  ii.  1882, 
p.  27,  pt.  iii.  p.  240, 1883). 

See  also: — 

Bbas,  Wk.  ^'A  short  account  of  an  interesting  deposit  of 
Fossil  Shells  at  Bridlington  Quay,"  Loudon's  Mag.  Nat.  Hist. 
voL  viii.  1835,  p.  355. 

YoTOG  and  Bird.    Geol.  Survey  Yorksh.  Coast,  1822,  p.  22. 

Sedgwick.    Ann.  PhiL  1826,  ser.  2,  vol.  ix.  p.  339. 

Phillifs.  Brit.  Assoc.  1835,  Trans.  Sect.  p.  62;  Geology  of 
Yorkshire,  1835,  p.  40  (in  the  3rd  edit.  p.  274,  there  is  a 
note  by  Gwyn  Je£^eys). 

Ltbll.  Ann.  &  Mag.  Nat.  Hist.  vol.  xii.  1839,  p.  324; 
•Antiquity  of  Man,'  1873,  p.  266. 

FoMBs.    Mem.  Geol.  Surv.  vol.  i.  1846,  p.  392. 

SsABLtt  Wood.  Crag  Mollusca,  1847-55.  The  Bridlington 
drift  was  then  believed  to  be  about  the  horizon   of  the 
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MammaHferous  Crag.  Quart.  Journ.  OteoL  Soo.  vol.  zzvi. 
p.  92,  vol.  xzxvi.  p.  615,  vol.  zxxviii.  p.  681 ;  QeoL  Mag. 
dec.  2,  vol.  i.  p.  246,  vol.  v.  p.  13. 

SosBT.  I^c.  Geol.  Polyteoh.  Soc.  West  Eiding,  Torkshire, 
vol.  iii.  1858,  p.  559,  with  theForaminifera  named  by  Rupert 
Jones. 

GxTBW.    Essay  on  Geol.  Norfolk,  White's  Gazetteer,  1863. 

Ttndail,  E.  Geol.  Mag.  vol.  i.  p.  142 ;  Proc.  Geol.  Soc.  Yorksh. 
voL  V.  1870,  p.  7. 

WooDWAM),  8.  P.    Geol.  Mag.  voL  i.  1864,  pp.  49, 142, 216. 

Cbobsket.    Proc.  Birm.  PhiL  Soc.  vol.  ii.  p.  373. 

SncpsoN.    Geol.  Nat.  Hist.  Bepertory,  vol.  i,  p.  57. 

Bkdwbel.    Geol.  Mag.  dec.  2,  vol.  v.  p.  517. 

LscKBirBT.    Brit.  Assoc.  1864. 

GwYw  Jbffbets.    Brit.  Assoc.  1874,  p.  83. 

Daxtns.    Geol.  Mag.  dec.  2,  vol.  vi.  p.  238,  vol.  x.  p.  93 ;  Proc. 
Geol.  Soc.  Yorksh.  n.  s.  voL  vii.  p.  123. 
And  the  collections  by  Bean  and  others  in  the  British  Museum,  and 
the  Leckenby  collection  in  the  Woodwardian  Museum  at  Cambridge. 

In  a  note  at  the  end  of  the  list  drawn  up  by  Gwyn  Jeffireys,  and 
published  in  Phillips's '  Geology  of  Yorkshire,'  3rd  ed.  p.  277,  he  says, 
<'  All  the  above  species  are  now  living  and  inhabit  the  Arctic  and 
northern  seas.  Nwtda  Gobholdice  is  hitherto  known  from  Japan 
only."  He  further  on  makes  the  following  important  observations 
on  the  admixture  of  litt^oral  and  deeper- water  shells : — ''  I  should  be 
inclined  to  reject  from  the  list  of  Bridlington  shells  the  following 
species,  viz.  MytiLus  edulis,  Cardium  edule^  Littorvna  littorea,  L.  rudis^ 
and  Purpura  lapillus,  because  they  are  littoral,  and  therefore  not 
likely  to  be  associated  with  species  which  belong  to  the  coralline 
zone,  such  as  Bhynekondla  psittaeea,  Venus  Jluetuosa^  DentaUum 
striolatum,  Admete  viridula^  and  ColumbeUa Holbdili  "  (=  C7.  rosacea). 
*'  These  littoral  sheUs  may  have  come  from  an  overlying  or  adjacent 
bed,  and  become  accidentally  mixed  with  the  shells  from  the  deposit 
under  consideration."  It  is  not  uncommon  to  find  on  any  diore 
among  the  littoral  shells  others  that  have  been  torn  away  by  currents 
and  tossed  up  by  storms  from  far  below  low-water  mark.  But  in 
that  case  Gwyn  Jeffreys  evidently  must  have  thought,  from  the 
character  of  the  deposit  and  other  circumstances,  that  that  explana- 
tion was  not  sufficient. 

Mr.  Lamplugh  has  worked  this  question  out,  and  arrived  at  the 
conclusion  diat  some  of  the  shell-bearing  beds  are  transported  by 
the  agency  of  ice  from  sea-bottoms  of  various  depths  further  north 
and  mixed  up  with  littoral  and  even  freshwater  deposits  *.  Whether 
any  of  them  have  travelled  far  or  not  matters  little  for  our  present 
purpose,  as  the  condition  must  have  been  somewhat  boreal  on  a  shore 
thus  invaded  by  ice  from  arctic  regions.  I  have  therefore  given  the 
list  of  the  shells  as  a  sample  of  what  we  should  expect  in  a  true 
glacial  deposit,  without  noticing  the  character  of  bed  from  which 
it  was  derived.     For  such  details  I  refer  to  Mr.  Lamplugh's  excellent 

*  Geol.  Mag.  dec.  2,  vol.  ri.  1879,  p.  39a 
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papers,  and  espedaUy  to  the  recently  published  Mem.  Geol.  Survey, 
"Geology  of  Holdemess,"  by  Mr.  Clement  Eeid,  to  whom  I  am  in- 
debted for  the  revision  of  my  list  and  for  much  kind  assistance.  The 
percentages  have  been  changed  by  Mr.  Eeid's  work,  and  the  state- 
ments of  Gwyn  Jeffireys  and  others  will  have  to  be  modified ;  but 
the  main  condusions  to  which  I  would  draw  attention  remain  un- 
altered, viz.  that  '*  with  the  Bridlington  Crag,  notwithstanding  the 
dose  proximity  of  the  deposits,  the  marine  gravels  show  little  con- 
nexion" (Clement  Eeid,  p.  69).  I  am  inclined  to  refer  the  glacial 
character  of  some  of  the  newer  marine  beds  of  Eastern  Yorkshire 
to  the  wasting  of  old  boulder-clay  cli£&  and  the  using  up  of  old 
material,  rather  than  to  the  recurrence  of  arctic  conditions,  and  so 
compare  the  Arenig  land-ice  drift  of  the  west  with  the  Bridlington 
Drift  of  the  east,  and  the  St.  Asaph  Drift  with  the  shell-bearing 
sands  and  gravels  of  Kelsea  and  Hessle. 

There  is  more  doubt  respecting  the  fauna  of  the  glacial  beds  south 
of  the  Humber,  Searles  Wood's  Mid-glacial,  for  instance,  in  conse- 
quence of  the  difficulty  of  discriminating  between  the  contemporaneous 
^ells  and  those  derived  from  the  Crag,  which  occurs  dose  by.  (See 
a  useful  review  of  the  literature  of  this  part  of  the  subject  by 
H.  B.Woodward,  Proc.  Geol.  Assoc,  vol.  ix.    See  also  Jukes-Browne.) 

Table  of  Distrihuiion  of  FossiU  in  Drifts*. 
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Rhynchonella  psittaoea,  Chemn. . 

Anomia  ephippium,  I/^n 

Ostrea  edulis,  i^'ftii. 

Peeten  ialandious,  iViU^.   

operoularis,  Linn 

pe^lutnd,  Linn 

Mjtilus  eduliB,  Linn 

^Modiola)  modiolus,  Linn. . 

Grenfiila  decusdata,  Montagu  .... 

Kacola  Gobboldis,  Leathes 

nucleuBf  Linn 

taauis,  Montami  

" ,  Tar.  indata,  Hdnc 


t  ap.. 


Leds  intermedia,  ikf.  Sars    

" lentieiila,  Moll. 

limatula,  Sny  

minuta,  3fi(£.  

^,  var.  buccata   

pernula,  MuU. 

teiiiii8,P^. 

Peetimoulus  elvcymeriB,  Linn.. 

Area  lactea,  £inn , 

Montacata  DavBoni,  Jeffir.  .... 


*  Odunm  I.  St  Aaaph;  IL  Colwyn  Bay;  HI.  Moel  Tryfan ;  IV.  Minera 
&c.;  V.  Lancaehiraand  Gheehire;  Vl.  Maooleafield;  VQ.  Eelsea;  VIIL  Brid- 
lingUm. 


Digitized  by  LjOOQ IC 


94 


PBoif.  T.  n^KEVirr  uutuite  oir  xAi 


Table  (continued). 

I. 

1 

n.  HI. 

IV. 

V. 

VI. 

VII. 

VIII. 

Axinopsis  orbiculata,  G,  0.  Sars 
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eidguum,  Gmel 

fasciatum,  Montagu 
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Gorbicula  ^Cjrena)  fluminalis,  ATulL 

Cyprina  islandica,  Zt»n 

AJstarte  borealis,  Chemn.  ( = A.  arotica, 
Gray) 

« 

,  var.  Withami 

oompreBsa,  Mont 

depreasa,  Brown  (=A.  crenata 

=A.  orebricostata)    

sulcata,  Da  Costa 

,  var.  elliptica.  Brown 

Vfinufl  fl&flina.  Linn 

^Oy therea)  Ohione,  Linn 

(Artemis)  exoleta,  Z/inn 

« 

? )  Uncta,  Pidt 

fluctuosa,  Gould  

gallimi,  it«n 

,  var.  striatula, Donovan.,. 

verrucosa,  Linn 

Tapes  pullastra,  Mont.  (=T.  geogra- 
nhicuB^            

decussatuB,  Xt»» 

virgineus,  it»n 

Tellina  balthica,  Linn,  (=T.  solidula) 

calcaria,  Chemn.  (=T.  proxima) 

obliqua,  J.  iSow 

puflilla,  Phil...  

tenuis?,  Da  C. 

Paammobia  ferroensis,  Chemn 

Donax  vittatus,  Da  C.  ( =D.  anatinus) 
Mactra  glauca,  J9or»  (=M.  helvacea) 

solida,  Linn.  ( =M.  ovaUs) 

,  VHP.  elliptica  

subtruncatA,  Da  C,  

Lutraria  elliptica,  ittTw* 

Scrobicularia  piperata,  Gmd 

alba  Wood 

Solen  enfds.  Linn ,,.,..., 

Thraoia  praetenuifl,  Pvlt 

pubescenB,  i^^ 

« 
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Mya  arenaria,  Linn. 

tnincata,  Linn 

,  Tar.  uddeyallensis 

SaxicaTa  noryctgica,  Spengl. 

rugosa,  Linn,  (=S.  arctica)    ... 

Pholas  Candida,  Ztfin 

crispata,  Linn 

Teredo  noryegica,  Spengl.    

Dentaliom  entails,  Linn 

sorum)    

* 

XxmsiUmna,  Lamk.  

Patella  Tulgata,  L«n« 

Tectura  Tirginea,  JfStf.    

T^^n^ACRK^^  Mm 

... 

* 

* 
... 

* 
* 

Foncturella  noachina,  Linn 

Ftasarella  grawa,  Linn,  (sF.  reticu- 
lata)     

... 

Trochus  cinerarius,  Linn 

cinereua,  Couthoup  

groenlandieua.  Chemn 

maguSv  i^n«i.    

... 

umbilicatuB,  Afo»^.  

Taricosas,  MigheU^  Adams  ... 

ziziphinus,  Linn 

Laenna  crassior,  Mont    

-;—  dlTaricata,  Fahr.  (=L.  yincta) 
littorina  littorea,  Xmfi.  ,. 

» 

obtuaata,  Linn.  (=L.  littoralis) 

Tu^a,  Maton    

saualida,  Brod.  ^  8ou> 

MenesUio  albula,  Fabr 

Bifisoa  labioea,  3f0fi^.    

ulya,  Pen.  (=B.  subumbilicata) 

panra,  La  C. 

... 

Biibperforata,  Ji^ffr 

Wyville-Thomsoni,  Jijjp-.    

Homalogyra  atoznoB,  PAi^.  

TurritelK  erosa,  Cowa 

terebra,  Linn.  («T.  oommunis] 

Scalaria  communia, /^m^ 

Odostomia  conspicua,  Alder 

interstincta,  ifcfiwi^ 

rufa,  PMl. 

♦ 

Natica  affinim  Gtnel.  (=N.  dauaa)  ... 

,  Tar.  ooclusa    

Alderi, /fbrftM  (=N.  nitida)   ... 

catena,  Da  C.  (=N.  monilifera, 

Lamk.)  

grcen]aDdica,P0e;i:(»N.pualla) 

... 
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Monta^uti,  Forbes    
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Admete  yiridula,  Fabr -...* 

Triohotropis  borealis,  Brod.  ^  Sow... 

Aporrhais  pes-pelecani,  lAnn 

Purpura  lapillufi,  IJnn 

Buodnum  groenlandioum,  Chemn.  ... 

undatum,  Linn 

Murex  erinaoeus,  Zr2»n 

Trophon  barrioenBis,  Johnst 

dathratus,  Linn,  (=T.  soalari- 

formis)   

,  var.  Qunneri 

,  yar.  truncata 

Fabrioii,  Beck  (=T.  craticula- 

laterioeus,  MuU.  [tug) 

Fusus  antiqauB,  Linn 

,  Tar.  contrariufl  ( = F.  sinis- 

trorsuB) 

— —  curtiia,  Jefr 

,  yar.  aqMuiBus 

deepeotus,  Linn,  

pacilis,  -Da  C, 

i^ndXcuB,  Chemn 

Kroyeri,  3fd^/  

Leckenbyi,  8.  V.  Wood   , 

propinquuB,  Alder    

SaTBi,  t/«Jfr 

• spitzbergensis,  ^enw    i 

Naasa  reticulata,  Z/inn 

incraasata,  Miill 

Ck)lumbella  rosacea,  Gould 

Pleurotoma  bicarinata,  Couth,.. 

,  var.  Tiolacea  

decussata,  Couth 

elegans,  3fo7/    

—  eiarata,  itfc>^     

barpularia,  Couth 

nebula,  Mont.  

multistriata,  Jejfr 

pyramidalis,  Strom _ 

rutA,  Mont :    » 

simplex,  Midd. •  ... 

Trevelyana,  Turton j  ... 

turricula,  ilfoTi/ ,   * 

Oypraa  europiea,  iVon/ ... 

C^lichna  alba,  Brotwi   i  ... 

soulpta,  XecA^  j  ... 

UtriculuB  obtusuB,  Mont.f  yar.  per- 

tenuJB 

oonstrictus,  Jeffr 

Bulla  crebristriata,  Jeffir 
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Balanus  balanoides,  Xtnn 

creiiatus^  Brttff. 

Hameri, -A»c 

porcatus,  Da  C.  (=B.  aulcatue, 

DaC.) 


Serpula  (Pomatooeros)  triquetra 

Termicularifl,  Ellis    

Spirorbia  nautiloides    


Cliona  perfonns  ?.. 


n. 
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VII. 


vni. 


Pabt  rv. 

AUuvium  and  Sivrfac&^lrift, 

Now  we  must  briefly  examine  the  still  more  recent  superficial 
deposits  of  the  Yale.  In  treating  of  the  drifts  this  is  of  great 
importance,  seeing  that  it  is  so  hard  to  distinguish  the  re-sorted 
newest  beds  from  the  andistnrbed  original  deposit  from  which  they 
were  derived.  Even  in  the  older  rocks  this  is  a  common  source  of 
error.  The  compact  breccia  composed  entirely  of  fragments  of 
Mountain  Limestone  which  sometimes  makes  up  the  Brockram  or 
base  of  the  Lower  New  Bed  Sandstone  in  the  Eden  valley  is  often 
almost  undistinguishable  from  the  parent  rock.  The  surface  of  the 
Lower  Chalk  broken  up  and  reset  has  often  been  mistaken  for  the 
solid  chalk,  until  a  line  of  angular  flints  showed  that  it  was  only 
consolidated  chalk-gravel.  Ee-sorted  Miocene  has  been  reported  to 
contain  remains  of  man.  But  the  re-^rted  drifts  almost  defy 
detection  in  most  cases.  We  have  already  discussed  the  characters 
which  help  us  to  make  out  whether  the  glacial  drift  remains  as  left 
by  the  ice,  or  whether  it  has  been  sorted  by  the  sea ;  so  also,  if  we 
kiiow  the  district  well,  we  may  ascertain  whether  we  have  before 
us  the  marine  deposit  or  only  some  of  it  washed  to  lower  levels  by 
rain,  or  worked  down  the  hill  by  all  the  other  agencies  which 
modify  the  surfac&-soil  (see  Morton,  G.  H.,  'Nature,'  Sept.  30, 
1880,  p.  511). 

It  is  dear  that  a  long  time  has  elapsed  since  the  laat  of  the  St. 
Asaph  Drifts  was  left  by  the  sea ;  this  is  evident,  ^flrst,  from  an 
examination  of  the  newer  deposits  which  have  been  laid  down  on  it 
or  after  it.  The  various  kinds  of  alluvium  which  have  silted  up 
the  lower  or  northern  end  of  the  Vale  of  Clwyd  are  all  newer  and 
must  have  taken  some  time  to  form.  We  have  already  pointed  out 
tiiat  in  the  sections  near  Rhuddlan  they  are  seen  resting  upon  what 
looks  like  St.  Asaph  Drift. 

So  we  oome  now  to  the  Alluvial  Age.  Alluvium  and  rainwash 
must,  from  the  nature  of  the  case,  have  been  formed  in  every  period 
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of  the  world's  history  when  there  were  land  and  rain  and  streams  ;  but 
these  superficial  deposits  would  be  the  first  to  be  destroyed,  especially 
in  subsequent  submergences,  and  the  chances  are  that  only  the  latest 
deposits  of  that  kind  are  seen  exposed  in  any  district. 

At  any  rate  the  alluvium  and  rainwash  of  the  Yale  of  Clwyd 
belongs  to  the  age  that  succeeded  the  emergence,  and  is  still  going  on. 

Patches  of  alluvium  can  be  traced  far  up  into  the  hill.  For 
example,  down  the  road  between  Wem  and  Penybanc,  N.  of  Ponty- 
rddol,  there  is  a  grey  gravel,  and  here  and  there  beds  of  sand.  It 
was,  BO  far  as  I  could  see,  all  composed  of  Silurian  and  Cambrian 
rocks. 

We  have  no  data  for  determining  the  absolut/O  age  of  the  alluvial 
deposits  in  the  upper  part  of  the  Vale.  I  have  a  very  fine,  partly 
ground  neolithic  implement,  picked  up  by  Mr.  Stuart  Menteith  in  the 
gravel  of  the  Elwy  above  St.  Asaph,  and  given  to  me ;  but  there  is  no 
evidence  as  to  whether  this  was  carried  on  to  the  gravelly  bed  of 
the  river  from  the  alluvial  gravel  which  there  spread  across  the 
valley  from  side  to  side,  or  was  dropped  in  from  the  surface-soil. 
The  North  Wales  fenlands  of  Morfa  Rhuddlan  were  formed  where 
the  river  spread  over  the  low  flat  lands  ;  its  velocity  was  checked, 
and  the  transport  of  gravel  ceased.  So  below  St.  Asaph,  near 
Bhuddlan  and  Rhyl,  for  instance,  the  gravel  banks  give  way  to 
tidal  silt,  to  which  we  will  refer  as  the  Morfa  Rhuddlan  beds,  and 
which  is  probably  newer  still  than  some,  at  any  rate,  of  the  gravel 
near  St.  Asaph.  The  course  of  the  river  has  altered  considerably 
since  the  water-towers  of  Rhuddlan  Castle  were  built. 

Sections  through  the  silt  have  been  sunk  for  various  purposes  here 
and  there.  For  instance,  I  was  informed  that  when  the  railway 
was  being  made  along  the  coast,  they  dug  out  the  blue  estuarine 
day  to  a  depth  of  18  feet  to  make  the  embankment,  and  near  the 
bottom  of  the  excavation  found  the  skull  of  Bos  longifrons^  and  the 
antlers  of  Cenms  elaphus^  which  are  now  preserved  in  the  Cambrian 
inn  at  Pensarn.  These  remains  occur  here  and  there  all  through  the 
deposit.  The  Balani  on  the  points  of  another  pair  of  antlers  show 
that  it  had  projected  above  the  surface  of  the  clay  for  some 
time. 

On  the  south  of  Rhyl  a  trench  cut  out  for  draining-purposes 
exposed  the  following  section : — 

ft    in.       , 

a.  Surface-Boil  with  broken  ebells  of  Buccinvm  undatum 

at  the  base,  perhaps  artificially  carried  there. 

b.  Blue  clay,  weathering  brown  in  the  upper  part,  con- 

taining shells  of  Scrobicularia  piperataf  with  Talres 
adherent 1      0 

c.  Peaty  silt,  no  timber 0      6 

d.  Peat  with  trees  15  ft.  in  length  and  1  ft.  6  in.  in 

diameter 2      0 

e.  Blue  clay  3      0 

On  the  Morfa  Rhuddlan  beds  rest  the  sand-dunes  and  the  shingle 
which  form  a  great  natural  bulwark  against  the  sea,  which  is  driven 
fiercely  on  this  coast  by  the  north-west  winds.     These  Eolian  beds 
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are  of  any  recent  age  down  to  the  present  day  ;  there  is  no  evidence 
of  any  of  them  being  of  greater  antiquity  than  the  Morfa  Bhaddlan 
beds ;  yet  it  is  probable  that  they  were  always  represented  along 
this  shore,  and  played  their  part  in  aiding  or  checking  the  changes 
which  submergences  or  elevation  from  time  to  time  tended  to 
produce. 

There  are  traditions  and  some  other  suggestions  of  there  having 
been  such  changes  within  historic  times,  though  history  is  silent 
about  them.  In  the  churchyard  at  Abergele  there  is  a  sandstone  slab 
bearing  this  inscription  : — "  Here  there  lies  in  the  churchyard  of 
!&£ichael  a  man  who  had  his  dwelling  three  miles  to  the  north." 

The  sea  is  now  wilhin  a  mile ;  but  whatever  may  be  the  interpre- 
tation of  this  statement,  whether  he  was  a  man  who  lived  on  board 
ship,  or  whatever  other  explanation  can  be  offered,  it  does  seem  to 
me  improbable  that  changes  of  that  kind  and  extent  can  have  taken 
place  along  that  coast  within  the  period  that  the  character  of  the 
inscription  would  allow  us  to  assign  to  it,  or  even  since  Abergele 
chnrch  was  built. 

The  traditions  of  change  in  the  coast^line  may,  however,  be 
founded  on  correct  observation.  Very  likely,  for  instance,  a  tongue 
of  drift  ran  far  out  by  Llandrillo  ynrhos,  the  destruction  of  which 
affected  the  denudation  along  the  shore  further  ea^t.  Very  likely 
there  have  been  some  changes  of  level  in  comparatively  recent  times, 
and  the  so-called  submerged  forests  near  Prestatyn  and  Pensarn 
and  at  the  west  end  of  Colwyn  Bay  are  most  easily  explained  on  the 
supposition  of  a  small  subsidence  *.  But  we  must  remember  that 
trees  now  grow  in  the  marshes  behind  the  sand-dunes  on  ground 
over  which  the  sea  would  rush  in  high  tides,  were  it  not  for  the 
protecting  barrier,  and  that  by  the  washing  out  of  sand  below  such 
forest-beds  they  often  get  still  further  lowered,  while  some  supposed 
forests  are  mere  stumps  of  trees  drifted  out  to  sea  and  generally 
floated  right  side  up  as  they  are  ballasted  by  the  earth  and  stones 
caught  in  the  roots.  (See  Potter,  Trans.  Liverpool  Geol.  Soc. 
1868-9 ;  Whitaker,  Mem.  Geol.  Survey,  Guide  to  Geol.  Lond.,  4th 
edition,  pp.  77,  78 ;  East  Essex,  p.  18 ;  Geol.  Ipswich,  p.  97 ;  Proc. 
Geol.  Ajssoc.  viii.  p.  137.  See  also  Hep.  Brit.  Assoc.  1885,  pp.  442- 
465.) 

The  peat  of  the  East  Anglian  fenland  is,  in  the  main,  of  Neolithic 
age  t,  tiiough  some  of  the  earlier  deposits  associated  with  the  peat 
contain  palaeolithic  animals,  for  these  have  been  shown  to  be 
probably  only  a  few  derivative  specimens  from  the  older  gravel-beds 
on  which  the  peat  rested. 

So  the  peat  and  silt  of  the  estuary  of  the  Clwyd  have  yielded  nothing 
older  than  the  Bos  hngifrons  and  Cervus  elaphris.  The  Morfa 
Khuddlan  beds  may  date  from  Neolithic  times  to  the  present  day. 
Eew  short  rivers  running  straight  out  from  the  hills  to  the  sea 
without  the  intervention  of  low-terraced  lands  near  the  mouth 

*  Mellard  Beade  obseryes  that  the  last  moyement  of  the  land  in  Lancashire 
was  downwards  (Proc.  Liverpool  Geol.  Soo.  1871-2,  p.  437). 
t  '  Cambridge  Beview/  1886,  p.  366. 
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have  yielded  paksolithio  lemaina.  Ab  the  river  is  cutting  back 
the  steep  ground,  terraces  are  soon  destroyed,  and  the  rain 
and  agents  of  degradation  keep  haTiding  down  to  lower  levels 
all  superficial  deposits  as  soon  as  formed — so  along  such  valleys 
great  masses  of  rainwash,  or  head,  or  run  of  the  hill  gather  in 
hollow  places  or  on  ledges;  all  surface  soils  merge  into  such 
accumulations.  Where  the  ground  is  covered  by  vegetation  it  is 
to  some  extent  protected ;  but  where  the  sod  is  broken,  the  rain  soon 
undermines  and  sweeps  out  the  soil,  and  a  ravine  is  formed.  A 
hole  scraped  for  shelter  by  a  sheep  may  let  the  water  through  the 
turf  and  start  the  work.  Looking  out  on  the  east  from  the  train 
near  Lowgill  Junction  in  Westmorland,  about  an  acre  of  land  may 
be  seen  covered  with  stones  to  about  10  feet  deep  in  places.  That 
was  all  done  in  about  two  hours  in  a  thunder-storm,  and  the  gashes 
from  which  this  debris  was  swept  out  are  seen  on  the  feUside 
above.  At  the  mouth  of  each  litde  gorge  along  the  Upper  Ehone 
a  fSm-shaped  mass  of  torrent-debris  is  protruded  into  the  valley. 
These  look  like  the  fragments  of  moraines  as  you  drive  down  the 
valley  over  a  succession  of  hills,  now  hanging  on  to  this  side,  now  to 
that  side  of  the  valley.  A  more  careful  examination,  however, 
especially  from  higher  ground,  soon  shows  their  real  character.  So 
in  the  smaller  valley  of  the  Clwyd  there  are  masses  of  torrent-debris 
of  postglacial  age  protruded  into  the  vale,  as,  for  example,  out  of 
the  gorge  by  Denbigh,  from  the  valley  of  the  Clwyedog,  or  from  the 
smaller  tributary  streams.  But  all  the  while  along  the  slopes  the 
rain  brought  down  the  soil  and  stones,  leaving  the  rocks  bare  here 
and  there  to  be  disintegrated  and  furnish  more  material. 

Such  debris,  derived  almost  exclusively  from  Silurian  rock,  was 
pointed  out  to  us  by  Mr.  Strahan  in  a  road-section  east  of  Tremeir- 
chion.  Wbere  there  is  soft  drift  the  rainwash  is,  of  course,  different, 
and  is  more  readily  transported ;  but  sooner  or  later  every  loose 
material  travels  down  the  hill.  Where  the  soil  is  bared  by  plough- 
ing, the  downward  waste  is  often  very  rapid.  In  every  long-culti- 
vated hill-country  there  are  terraces  so  formed.  Each  man  turns 
down  the  soil  from  the  upper  side,  so  it  accumulates  at  the  lower 
end  of  his  allotment,  and  is  removed  from  the  bottom  of  the  bank 
that  separates  him  from  his  neighbour  on  the  slope  above  (see  &g.  5, 
p.  111).  Thus,  in  a  manner  accidentally,  are  formed  the  terraces 
known  as  "  raines  "  in  the  north  of  England. 

There  are  many  tests  to  apply  when  we  are  trying  to  distinguish 
between  a  marine  shingle,  a  river-gravel,  and  the  rainwash  or  run- 
of-the-hill. 

A  marine  shingle  has  the  finer  and  coarser  gravel  somewhat 
sorted,  but  the  up  incline  and  the  over-bank  tip  are  quite  distinct. 
Even  in  the  case  of  shingle  thrown  against  a  cliff  there  is  often 
a  ridge  of  thrown-up  gravel  a  little  way  from  the  rock ;  this  is 
caused  by  the  recoil  of  the  wave.  Just  as  we  may  often  notice 
along  the  pavement  on  a  gusty  day,  the  dust  is  laid,  not  along 
the  base  of  the  wall,  but  in  a  ridge  nearer  the  middle  of  the  pave- 
ment, being  driven  off  the  wall  by  the  rebound  of  the  wind  frvm 
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it ;  80  it  often  is  in  the  case  of  material  deposited  by  cnnrents  at 
the  foot  of  cliife. 

The  stones  of  which  the  shingle  is  composed  lie  with  their  longer 
axes  parallel  to  the  planes  of  deposition  as  a  role ;  but  sometimes 
when  the  scour  is  great  they  have  a  subordinate  arrangement  ap- 
proaching that  next  described  in  the  case  of  river-graTels. 

Riyer-gravels  are  left,  as  the  velocity  of  the  current  decreases,  in 
the  order  in  which,  firom  their  size,  weight,  form,  and  other  condi* 
tions,  they  first  attain  their  position  of  rest;  but  the  principal  character 
common  to  all  such  gravels  is  that  the  flattened  oval  forms  lie  packed 
together  obliquely,  with  their  longer  axes  inclined  to  the  bed  of  the 
stream,  the  lower  end  pointing  up  stream,  so  that  the  flat  stones 
overlap  one  another  in  such  a  manner  as  to  present  a  face  to  the 
descending  current  and  throw  the  water  up  instead  of  letting  it 
get  under  the  edge  and  lift  the  stone. 

Of  course  all  gravels  deposited  by  marine  currents  have  this 
character  also ;  but  there  are  seldom  marine  currents  of  the  force 
and  velocity  of  a  mountain-river  in  flood. 

In  the  case  of  the  rwnrof-the^hiU,  on  the  other  hand,  the  stones 
and  other  materialB  are  more  commonly  carried  down  by  movement 
more  akin  to  slips.  The  position  of  rest  is  not  that  in  which  the 
material  can  best  resist  the  force  of  a  downward  current  urging  it 
on,  but  the  position  in  which  it  can  catch  by  friction,  or  by 
arriving  at  a  gentler  slope,  so  that  its  own  downward  tendency  is 
overcome.  The  flat  pieces  therefore  lie  with  their  longer  axes 
parallel  to  the  surface  along  which  the  d^ris  is  travelling. 

The  material  is  roughly  stratified  because  rain  helps,  and  different 
material  catches  in  difierent  circumstances.  The  travelling  of 
isolated  boulders  in  the  rainwash  or  marine  drift  or  on  the  shore  is 
easily  explained.  Though  gravel,  consisting  of  stones  of  a  given 
size,  requires  water  of  a  given  velocity  to  move  it,  it  does  not  follow 
that  one  such  stone  lying  on  sand  requires  yi  ater  of  the  same  velocity 
to  carry  it  along.  The  fine  material  round  and  below  it  is  removed 
by  the  swifter  current  close  to  the  obstructing  mass ;  it  is  set  in 
motion,  and  the  water  playing  on  the  whole  of  one  face  rolls  it  along 
over  the  even  surface  of  sand.  So  the  occurrence  of  single  blocks 
can  often  be  explained- without  calling  in  the  agency  of  ice  or  any 
exceptional  condition.  All  around  the  Vale  of  Glwyd  such  debris  is 
everywhere  found,  sometimes  derived  from  the  solid  rock,  as  in  the 
Bection  above  quoted  (p.  100),  near  Tremeirchion,  sometimes  de- 
rived from  the  drift,  as  up  the  road  from  Pontyralltgoch  to  Wigfedr 
Uchaf,  sometimes  red  with  the  washings  of  the  New  Ked  and  the 
result  of  the  decomposition  of  limestone,  and  sometimes  grey  where 
the  iron-oxides  have  been  washed  away  or  the  rocks  from  which  it 
is  derived  contained  originally  a  smaller  proportion. 

In  the  Yale  of  Clwyd  this  crumbling  of  all  loose  material  down 
the  hill-sides  has  been  going  on  ever  since  the  land  emerged  from 
below  the  waves  that  left  the  St.  Asaph  Drift,  through  the  long  ages 
while  the  sand-dunes  and  wave-driven  shingle  were  travelling  firom 
west  to  east  and  damming  the  streams  that  ran  into  the  sea  between 
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Uandulas  and  Prestatyn,  while  all  the  Morfa  Bhuddlan  heds  were 
being  laid  down,  and  while  the  alluvial  gravels  of  the  valley  were 
being  formed  ;  each  shower,  each  frost,  the  sunshine,  and  the  animals 
all  helped  to  work  the  surface  of  the  hills  to  lower  levels.  With 
BO  much  time,  with  such  continuous  agencies  at  work,  the  wonder 
is  that  any  soft  material  of  early  date  is  left  upon  the  hills. 

Where  are  the  deposits  of  Paleeolithic  age  ?  Perhaps  they  may 
be  represented  by  some  of  the  higher  terrace-gravels,  which  are 
older  than  the  Morfa  Bhuddlan  beds,  and  older  than  most  of  the 
gravels  of  the  Elwy  and  the  Clwyd.  But  the  chances  are  enor- 
mously against  our  finding  any  remains  of  that  date  in  the  terrace- 
gravels  along  the  hill-sides.  The  implements  were  rare  and  the 
bones  were  quickly  decomposed  in  those  porous  water-bearing 
strata. 

It  is  not  as  if  we  had  plenty  of  such  remains  in  the  gravels  of 
later  date.  Were  it  not  for  that  one  felstone  implement  preserved 
by  some  accident  in  the  more  recent  gravel  of  the  Elwy,  we  should 
know  nothing  of  the  occurrence  of  neolithic  man  in  the  district 
except  from  the  remains  found  in  caves  and  from  some  interments. 

Perhaps  some  of  the  Morfa  Bhuddlan  beds  may  go  back  to  the 
Neolithic  age.  The  Bos  and  the  Cervus  found  in  them  certaiuly 
came  down  to  Boman  and  later  times. 

Similar  phenomena  are  recorded  from  West  Lancashire*  and 
Cheshiret. 

It  is  perfectly  clear  that  we  cannot  everywhere  draw  a  hard-and- 
fast  line  between  these  divisions. 

The  rain  and  other  subaerial  agencies  must  have  brought  down 
the  debris  of  the  hill-sides,  and  the  tidal  silt  was  being  thrown 
down  in  the  lower  reaches  of  the  Clwyd,  while  the  rivers  were 
forming  terraces  along  the  cavernous  banks  of  the  Elwy.  But 
little  of  that  which  was  washed  down  in  the  earlier  times  has  not 
been  since  removed  by  the  continuance  of  similar  agencies,  and  none 
can  have  survived  the  scour  of  the  submergence. 

So  river-gravels  were  being  formed  in  the  upper  part  of  the  vale 
while  marine  deposits  were  being  thrown  down  in  the  lower,  and 
BO  on ;  but,  in  the  main,  there  is  a  general  sequence  to  be  made 
out,  and  the  relative  age  is  pretty  dear,  though  it  will  take  much 
more  work  to  feel  sure  where  to  place  the  beds  seen  in  every 
isolated  section. 

Pakt  V. 

Caves, 

We  must  now  examine  the  evidence  to  be  derived  from  the  caves 
and  endeavour  to  find  their  place  in  the  chronology  of  the  district. 

With  a  view  to  this  it  is  of  first  importance  to  distinguish  clearly 
between  the  history  of  the  caves  themsdves  and  that  of  the  cave- 
diposiU, 

*  Moore,  T.  J.,  Trans.  Lancashire  Historic  Soc.  1885. 
t  De  Banoe,  Quart.  Joum.  GeoL  Soc.  1871,  zxrii.  p.  656. 
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There  are  many  kinds  of  caves,  and  there  are  many  different  ways 
in  which  caves  are  formed,  and  it  is  impossible  to  investigate  their 
age  without  inqairing  somewhat  into  the  geology  and  physiography 
of  the  district ;  but  I  shall  dismiss  thiB  part  of  the  subject  very 
shortly  with  a  reference  or  two. 

First,  we  are  not  dealing  with  artificial  oaves  in  any  esse,  nor 
with  caves  formed  by  the  sea.  The  difis  in  which  they  occur  are 
not  sea-difis  *•  We  have  to  do  with  natural  caves,  such  as  rook- 
shelters  due  to  the  subaerial  wasting  away  of  parts  of  the  rock 
which  were  readily  shelled  off  under  the  influence  of  variations  of 
temperature  and  of  the  moisture  which  was  condensed  upon  it. 

The  most  favourable  condition  for  the  formation  of  caves  is  that 
the  limestone  should  have  been  exposed  to  the  action  of  the  weather 
and  its  joints  opened  out,  and  that  then  it  should  be  partially  covered 
up  by  boulder-clay,  which  would  collect  all  the  water  into  runlets, 
and  so  concentrate  it  upon  certain  lines  of  weakness  and  form 
underground  watercourses  f. 

Still  more  common  than  the  rock-shelters,  and  more  important 
for  our  present  inquiry,  are  the  caves  which  represent  ancient  sub- 
terranean watercourses  in  the  limestone  rocks  which  flank  the  vale 
on  either  side.  Haw  such  caves  were  formed  is  well  known ;  but 
wTten  they  were  formed,  and  to  what  drainage-system  they  belong,  is 
not  always  clear. 

Por  instance,  in  the  Elwy  valley  the  Cefn  caves  are  obviously  due 
to  the  decomposition  of  the  limestone  along  the  weaker  lines  in  the 
general  drainage-system  of  that  valley ;  but  what  the  particular 
local  conditions  were  that  caused  the  subterranean  channel  to 
plunge  down  suddenly  to  an  outlet  far  below,  is  not  so  clear. 

The  adjoining  Fontnewydd  cave,  so  far  as  yet  explored,  runs 
approximately  on  one  level. 

Near  the  top  of  the  opposite  hill  the  Plas  Heaton  cave  must  have 
been  formed  under  quite  different  conditions.  It  does  not  lie  in 
the  line  of  any  existing  drainage-system ;  it  must  be  a  very 
ancient  cave ;  perhaps  it  was  formed  when  the  streams  that  flow 
down  near  Llysmeirchion  ran  at  a  greatly  higher  level,  the  inter- 
mediate ground  being  all  iilled  up  with  drift,  or  perhaps  when  the 
drift  choked  up  the  Elwy  valley,  as  we  have  seen  above  was  once 
the  case,  some  of  its  waters  may  have  found  their  way  into  the  lime- 
stone rocks  above  Plas  Heaton. 

If  the  Cefn  caves  were  formed  by  water  collected  on  the  imper- 
vious drift,  then  we  must  refer  them  to  a  later  date  than  the  Plas 
Heaton  cave ;  but  this  is  not  quite  certain,  as  they  may  have  been 
partly  formed  when  the  gorge  was  first  being  cut  back,  and  the 
stream  ran  partly  underground,  as  now  in  many  Hmestone  valleys, 
and  only  in  flood  ran  along  the  channel  of  the  apparent  stream- 
course.  More  probably  some,  if  not  all,  of  the  Cefn  caves  were  formed 
much  later,  when  the  gorge  was  filled  with  boulder-day,  and  the 
water  ran  into  swallow-holes  along  the  margin  of  the  drift  and  rock, 

*  See  WWtaker,  Geol.  Mag.  vol.  ir.  1867,  pp.  447,  483. 

t  See  Freetwicfa,  Quart.  Joum.  GeoL  Soo.  toL  x.  (1854),  p.  222. 
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and  part  of  Buch  a  one  became  a  sloping  cave.  In  the  sabmexy 
genoe  this  cave  cannot  have  been  formed^  as  nothing  would  make 
the  current  fall  to  open  out  vertical  passages  at  the  bottom  of  the 
sea. 

Caves  of  various  age  occur  along  the  limestone  hills  that  bound 
the  western  side  of  the  vale.  Some  are  old  fissures  enlarged  and 
filled  with  various  minerals,  and  being  now  opened  out  again,  as 
they  are  brought  within  the  reach  of  surface-denudation.  Such  are 
the  water-caves  and  lodes  exposed  by  mining  along  the  northern 
slopes  of  Cefn  Meiriadog. 

Further  north,  upon  the  coast  at  Uandulas,  caves,  now  left  high 
and  dry  in  the  clilSis  above  the  sea,  point  to  different  geographical 
conditions  there ;  while  a  little  inland  the  travertine  uelow  Cefn- 
yr-Ogof  tells  of  the  same  process  carried  on  to  later  times  along  the 
margin  of  the  drift-covered  hills. 

Crossing  to  the  eastern  side  of  the  vale,  the  fissured  cavernous 
limestone  of  Gwaenysgor  and  Dyserth  has  only  less  conspicuous 
caves,  because  there  are  smaller  areas  of  impervious  beds  above  on 
which  the  water  could  collect  in  streams. 

But  near  Tremeirchion  the  conditions  are  more  favourable.  About 
half  a  square  mile  of  limestone  rising  abruptly  from  the  valley  is 
surrounded  on  the  east  and  north  and  south  by  the  Silurian  hills, 
and  the  water  in  every  little  ravine  where  it  touches  the  limestone 
tends  to  form  swallow-holes  and  caves.  The  drift,  too,  overlaps  the 
limestone  and  carries  the  water  further  on  to  it  in  places.  "When 
the  gorge  was  deepened,  the  old  caves  were  deserted,  and  the 
streams  burst  out  at  lower  levels.  Such  caves  are  quickly  choked ; 
for  the  hills  are  steep,  and  there  is  much  drift  and  loose  super- 
ficial d^ris  being  washed  down. 

One  such  ravine  which  runs  down  from  Y  Graig  by  F^'nnon  Beuno 
is  full  of  caves  on  either  side.  Some  probably  were  formed  when 
first  the  water  touched  the  jointed  rock  in  the  bed  of  the  little 
stream.  Some  in  much  later  times  were  fed  by  swallow-holes  along 
the  margin  of  the  drift,  which  was  and  is  still  being  eaten  back  by 
surface-denudation.  None  of  these  are  necessarily  very  ancient 
caves,  as  we  inferred  the  Plajs  Heaton  and  Cefn  caves  must  be.  The 
upper  cave,  known  as  the  Cae  Gwyn  cave,  was  probably  fed  by  a 
Bwallow-hole  on  the  margin  of  the  drift  above  the  upper  entrance ; 
and  from  the  lower  cave  you  can  now  look  out  at  the  sky  above 
through  an  ancient  swallow-hole  which  caught  the  water  off  the 
drift-covered  slope. 

In  the  valley  of  the  Chwiler,  a  little  ftirther  south,  we  have  an 
interesting  proof  that  the  waste  of  the  limestone  rocks  and  the 
formation  of  subterranean  watercourses  was  still  going  on  long  after 
the  sandy  drift  was  formed. 

Near  Caerwys  Station,  behind  the  inn  which  takes  its  name  from 
the  white  water  of  the  pool,  PwUgwyn,  there  is  a  section  through  a 
great  mass  of  travertine  which  has  been  deposited  against  a  mound 
of  drift.  The  travertine  is  shown  to  be  newer  than  the  red  sand 
and  gravel,  and  to  have  been  deposited  against  a  steep  slope  of  it. 
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as  they  doretail  into  one  another,  and  lines  of  red  sand  seem  often 
to  have  been  washed  fax  out  on  to  the  growing  travertine.  Where 
this  drift  overlaps  the  limestone  it  must  be  washed  into  the  crevices 
and  caves  which  are  being  formed,  as  the  result  of  the  chemical 
solution  of  which  we  see  the  proof  in  the  deposit  of  calcareous  tufa 
at  Pwllgywn  ♦. 

Pabt  VL 

The  Cave-deposits. 

The  age  and  manner  of  formation  of  the  deposits  in  the  caves  is 
quite  a  separate  question  from  that  of  the  age  and  manner  of  for- 
mation  of  the  caves  themselves. 

As  a  general  rule,  we  may  say  that  the  time  of  formation  of  caves 
was  a  time  of  destruction.  Ever  increasing  streams  were  rushing 
into  and  through  the  cave  as  it  was  being  enlarged,  and  of  course 
but  little  deposit  of  that  date  could  permanently  remain.  It  was 
when  the  cave  had  been  deserted  by  the  streams  that  formed  it 
that  the  age  of  accumulation  of  cave-deposits  b^an.  For  a  long 
time  it  was  still  subject  to  overflow  and  flood,  and  the  earlier 
deposits  always  ran  a  great  chance  of  being  swept  out. 

Such  a  cave,  brought  within  reach  of  the  action  of  the  sea,  would 
be  soon  cleared  out,  and  every  tide  would  swill  it  out  afresh. 

When  we  try  to  fix  the  date  of  cave-deposits  we  must  appeal  to 
the  same  kind  of  varied  evidence  as  that  on  which  we  base  our 
classification  of  the  sedimentary  rocks  in  a  natural  system. 

We  must  from  an  examination  of  the  district  try  to  make  out 
when  it  was  that  the  local  conditions  first  allowed  any  deposits  to  be 
laid  down  in  the  cave,  and  establish  their  true  order  of  succession. 

We  must  also  examine  the  paleeontological  evidence.  The 
deposit  may  be  very  recent,  yet  contain  remains  not  now  common 
in  the  area  from  which  it  was  derived,  as  for  instance  when  a  district 
has  been  cleared  of  wood,  and  the  land-shells  and  other  forms  of 
life  have  changed  in  consequence,  the  cave-deposit  may  tell  the 
story ;  we  should  find  those  forms  of  life  that  haunt  the  woodland 
succeeded  by  those  that  love  the  open  ground.  Without  taking  such 
circumstances  into  account,  and  making  due  allowance  for  habit  and 
habitat,  percentage  is  a  very  unsafe  test  in  palaeontology ;  still,  when 
we  are  dealing  with  bone-caves  in  which  great  beasts  of  prey  have 
gathered  the  remains  of  all  the  animals  they  fed  upon,  we  have  the 
record  of  many  of  the  forms  of  life  that  do  not  usually  frequent 
caves,  and  we  can  compare  the  list  with  those  drawn  up  from  all 
the  bones  found  in  the  ancient  river-gravels  and  old  marine  deposits, 
and  can  tell  whether  they  most  resemble  the  older  or  the  newer 
groups  of  life.  In  this  way  sufficient  evidence  has  been  collected 
to  form  a  rough  chronology  to  which  we  can  appeal  in  isolated  cased 
for  a  date. 

Now  let  us  turn  to  some  of  the  caves  in  the  same  district,  and 
see  what  we  can  learn  from  an  examination  of  their  contents. 

*  See  Maw,  Qeol.  Mag.  vol.  iii.  p.  253. 
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Eirst,  I  will  take  Flas  Heaton.  This  I  explored  with  the  late 
Mr.  John  Heaton.  The  existence  of  the  cave  had  been  long  known. 
It  was  exposed  in  opening  a  quarry,  and  the  broken  rock  and  fallen 
drift  and  rainwash  round  the  mouth  were  by  degrees  removed.  On 
removing  an  old  wall  built  across  the  mouth  by  earth  stoppers  we 
could  then  get  in  a  little  way.  The  slope  of  the  soil  was  inwards 
at  the  end  next  the  house,  showing  that  the  infilling  of  that  part 
was  chiefly  from  the  mouth  behind  the  increasing  batrierof  rock- 
debris  and  washed  clay.  It  rose  again  towards  the  far  end.  A 
large  number  of  bones  occurred  in  the  first  part,  and  the  earth 
was  excavated  and  laid  on  the  land.  Among  the  bones  were  those 
of  HysBna,  Dog,  Wolf,  Fox,  Glutton,  Bear,  Badger,  Eeindeer,  Sheep, 
and  Eabbit. 

The  lower  jaw  of  Glutton  I  picked  up  myself,  as  it  was  thrown 
out  by  a  workman  who  was  digging  in  the  cave.  Not  far  from  it 
were  pieces  of  a  large  bottle,  like  a  magnum,  buried  in  the  earth 
beyond  where  we  could  creep  before  the  excavation  had  commenced. 
These  had  probably  been  thrown  in,  and  appeared  to  have  got  so 
far,  partly  by  being  carried  on  by  the  rain,  partly  because  this 
part  of  the  cave  had  rapidly  been  fiUed,  and  partly  because  the  earth 
had  been  disturbed  by  badgers  and  other  burrowing  beasts.  We 
found  the  skeletons  of  two  badgers  and  two  dogs  all  together  in  one 
place  as  if  two  hounds  had  got  into  a  badger-earth  and  all  had 
perished  together. 

When  this  cave  had  been  farther  excavated,  bones  became  very 
scarce,  and  the  cave  ended  off  in  a  great  mass  of  red  clay  with 
boulders,  slipped  masses  and  washed  debris  from  the  St.  Asaph 
clay-drift,  which  lies  above.  Had  we  come  first  upon  this  cave  by 
digging  from  the  end  still  unexplored,  some  woiild  have  said  it 
was  a  preglacial  cave,  and  that  its  mouth  was  sealed  by  Boulder- 
clay. 

In  the  deepest  part  of  the  cave,  in  the  hollow  between  the  accu- 
mulations drifted  in  from  either  entrance,  there  was  a  mass  of  very 
fine  chocolate-coloured  clay,  in  places  finely  laminated.  This  was 
evidently  due  to  the  settling  down  of  the  finer  sediment  washed  in 
through  crevices  when  the  cave  was  nearly  choked. 

When  great  storms  no  longer  flood  a  cave,  but  the  rain  still 
causes  a  pond  of  muddy  water  here  and  there  within  it,  we  find 
that  laminated  day  is  formed.  No  stream  or  wind  stirs  the  quiet 
water  in  the  deep  recesses  of  the  cave,  nothing  but  a  falling 
drop  breaks  its  smooth  surface ;  the  mud  settles  down,  first  the 
coarser,  then  the  less  coarse,  and  last  the  very  finest.  So  as 
there  is  a  parting  of  coarser  material  between  every  layer  of  fine, 
the  result  is  a  laminated  day,  the  thickness  of  each  layer  depending 
partly  on  the  depth  and  partly  on  the  turbidity  of  the  water  which 
filled  the  hollows. 

The  lamination  is  caused  by  the  alternations  of  wet  and  dry 
weather ;  but  as  long  as  the  basin  does  not  vary  appreciably  in 
depth,  and  the  amount  of  sediment  in  the  water  is  tiie  same,  the 
lamination  must  be  approximately  regular,  whatever  the  intervals 
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between  the  periods  of  deposition  may  be.  There  is  no  necessity  for 
calling  in  glacial  action  or  any  conditions  different  from  what  com- 
monly now  recnr  in  caves  periodically  invaded  by  muddy  water  to 
account  for  laminated  da}''. 

The  Cefn  caves  were  first  described  by  Dr.  George  Gumming,  of 
Dolhyfryd,  near  Denbigh  (see  *  Ilandudno,  A  Handy  Guide,  &c./ 
by  J.  Price,  p.  80). 

They  have  since  that  time  been  frequently  noticed : — Stanley, 
Edin.  New  Phil.  Journ.  vol.  xiv.  ]  833,  p.  40,  Proc.  Geol.  Soc.  vol.  i. 
p.  402;  Bowman,  J.  G.,  Brit.  Assoc.  1836,  Rep.  Sect.  p.  88; 
Palconer,  Pal.  Mem.  vol.  ii.  p.  641;  Anon.,  'Geologist,'  1863, 
p.  114  ;  Dawkins,  *Cave  Hunting,*  p.  286. 

In  a  discussion  before  the  Society  (Quart.  Journ.  Geol.  Soo. 
Tol.  zzvii.  p.  410)  Mr.  Symonds  explained  the  manner  of  occurrence 
of  the  shells  in  those  caves,  and  I  stated  that  I  inferred,  from  what 
I  had  myself  observed,  that  they  were  all  introduced  with  the  rain- 
wash  through  fissures  &c.  from  overlying  beds  of  shell-bearing  drift. 

The  Pontnewydd  cave,  near  Cefn,  I  described*  some  years  ago,  in 
conjunction  with  my  friend  Archdeacon  Thomas.  With  regard  to 
the  traces  of  human  handiwork  we  said  : — 

**  On  the  whole,  therefore,  it  would  appear  that  we  have  fragments 
of  the  toughest  stone  of  a  country  where  suitable  flint  could  not  be 
procured,  shaped  like  some  of  the  undoubted  flint  implements  of  the 
caves  of  Dordogne,  occurring  in  a  cave  associated  with  the  same 
group  of  animals  as  that  found  with  the  French  implements  ;  that 
these  instruments  are  formed  of  fragments  of  felstone  such  as  is 
abundant  in  the  drift  of  the  neighbourhood  and  in  the  cave-deposits. 
A  portion  of  the  original  surface  left  on  some  of  the  implements 
shows  that  they  were  formed  out  of  sach  weathered  fragments. 
Unless,  therefore,  the  fragments  from  which  the  implements  were 
formed  were  brought  by  man  from  another  and  distant  river- 
basin,  they  must  have  been  obtained  from  the  drift,  and  this  is 
rendered  almost  certain  by  their  being  found  associated  with  remanie 
drift  mixed  with  tumble  from  the  roof  of  the  cave.  Therefore 
they  must  belong  to  a  period  lat.er  than  the  glacial  dispersion  of 
the  Snowdonian  drift.    Flint  flakes  and  scrapers  have  been  found  in 

^e  cave ; and  pieces  of  undressed  flint  certainly  occur  in 

the  older  beds  (c),  which  would  make  it  at  any  rate  of  not  earlier 
date  than  the  St.  Asaph  drift." 

I  have  often  worked  in  this  cave  since  then,  and  added  much  to 
the  collection  and  the  evidence,  but  see  no  reason  to  depart  from 
the  conclusions  at  which  we  then  arrived.  1  referred  the  bones  to 
Professor  Busk,  who  wrote  to  me  as  follows  : — 

*'  I  have  looked  over  the  collection  of  bones  and  teeth  from  Pont- 
newydd cave,  and  find  they  belong  to  Hyama  spelceay  Ursus  spelceus, 
U,  ftrox,  Equus  cahaUus,  BTunoeeros  hemitoechu8,  Cervut  daphus^ 
C,  eapreolus^  Canu  lupuSy  C.  vulpes,  Meles  iaxuSy  Homo  sapiens^ 
besides  indeterminable  or  not  easily  determinable  splinters,  many  of 

*  Joarn.  Anthrop.  Inst.  toI.  iii.  1874,  p.  390 ;  see  also  Brit.  Awoo.  Bep.  1881 
p.  700 ;  Maokmtoflb,  Quart  Journ.  Geol.  Soc.  toI.  zxzii.  1876. 
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which  appear  to  be  gnawed  by  Hyeena  or  Wolf.  Some  are  rather 
less  infiltrated  with  manganese  than  the  others,  but  all  appear  to  be 
pretty  nearly  of  the  same  antiquity,  not  excepthig  the  hnman  molar 
tooth,  which  looks  qnite  as  ancient  as  the  rest.  It  is  of  very  large 
size,  and  in  this  respect  exceeds  any  with  which  I  have  compared  it, 
except  one  or  two  from  Australia  or  Tasmania/' 

Here  was  a  cave  in  which  we  could  not  only  prove  that  the 
deposits  were  postglacial,  but  even  that  they  were  later  than  the 
marine  drift  which  we  call  the  St.  Asaph  beds ;  and  in  these  cave- 
deposits  were  remains  of  man — a  human  molar  and  stone  imple- 
ments of  the  oldest  type  yet  recognized  in  the  caves  of  the  Yez^re 
(see  figs.  1-8,  pi.  ix.).  These  are  all  of  felsite,  except  figs.  7  and  8, 
which  are  of  chert  and  flint.  It  would  be  very  curious  if  we  else- 
where, in  the  same  district,  found  a  cave  which  contained  the  same 
or  a  newer  group  of  animals  and  traces  of  man's  handiwork,  and 
which  yet  turned  out  to  be  of  Pliocene  or  Pregkcial  age. 

A  similar  investigation  recently  carried  on  in  the  caves  near 
Tremeirchion  has  led  Dr.  Hicks*  to  a  different  conclusion  jfrom 
that  at  which  I  had  arrived  as  to  the  age  of  the  deposits.  Dr. 
Hicks's  graphic  descriptions,  which  have  been  recently  laid  before  the 
Society,  render  it  unnecessary  for  me  now  to  do  more  than  call 
attention  to  the  points  bearing  immediately  upon  the  age  of  the 
deposits  in  these  caves. 

Inside,  and  more  especially  at  the  mouth  of,  most  caves  there  is 
a  breccia,  consisting  of  angular  fragments  which  have  fallen  from 
the  rock  while  the  cave  was  exposed  to  changes  in  the  amount  of 
moisture  and  in  the  temperature.  Sometimes  the  mouth  is  blocked 
by  a  perfect  barricade  of  large  masses  which  have  fallen  from  the 
face  of  the  rock  where  most  exposed.  This  was  very  conspicuous  at 
Plas  Heaton ;  at  Ffynnon  Beuno,  however,  the  fragments  were  small. 
They  are  generally  packed  in  cave-earth,  some  of  which  is  the  red 
earthy  residuum  of  the  decomposed  limestone.  In  the  Cae  Gwyn 
cave,  that  is  the  upper  cave  of  Ffynnon  Beuno,  this  limestone  breccia 
contained  a  few  bones  ;  and  just  within  the .  upper  mouth  of  the 
cave,  under  a  projecting  mass  of  rock  which  was  removed  with  a 
view  to  making  steps  up  to  the  surface  of  the  ground  outside,  a 
flint  flake  was  taken  out  from  sandy  clay  in  the  interstices  of  the 
limestone  breccia  in  which  bones  occurred.  It  was  found  under  a 
mass  of  rock  which  nearly  touched  the  floor  and  had  to  be  removed 
to  facilitate  operations  ;  and  the  place  where  it  lay  was  more  like  a 
side  crevice  in  the  limestone  into  which  it  had  been  washed  or 
worked  down  than  part  of  the  regular  cave-deposits.  A  similar 
deposit  extended  under  the  sandy  drift  with  boulders,  as  far  out  as 
the  excavation  was  carried. 

I  do  not  dispute  the  genuineness  of  the  flake,  nor  question  its 
occurrence  in  the  cave.  The  animals  found  with  it  belong  to  the 
same  group  as  that  which  is  elsewhere  undoubtedly  associated  with 
pala3olithic  man,  and  it  would  be  enough  if  glacial  deposits  could  be 

*  Nature,  voL  xmv.  1886,  p.  216 ;  Proc.  GeoL  Assoc.  toI.  ix.  1886 ;  Quart. 
Joum.  Gfeol.  Soc.  vol.  xlii.  1886,  p.  3 ;  Brit.  Assoc.  1886,  Bep.  Sect. 


Digitized  by  LjOOQ IC 


DBIFTS  09  THE  VALE  OF  CLWTB.  109 

proved  to  have  sealed  up  a  cave  containing  the  remains  fonnd  in  the 
FfVnnon  Benno  caves. 

But  as  a  question  of  evidence,  we  must  remark  in  passing  that 
the  flake  and  bones  outside  the  cave  occurred  just  where  the  swallow- 
hole  must  have  descended  which  fed  the  upper  entrance  to  the  upper 
cave  before  it  was  quite  choked  up. 

The  real  point  of  interest  is  this : — the  north-west  end  of  the  cave 
was  blocked  by  drift,  and  what  appeared  to  be  part  of  the  ossiferous 
cave-deposit  extended  over  the  ledge  outside  the  cave  and  was 
eovered  by  the  drift.    What  drift  was  this  ? 

Eeferring  to  the  table  of  the  drifts,  p.  73, 1  first  explain  that  it 
cannot  be  the  Arenig  Drift,  because  it  contains  fiint  and  north- 
country  boulders.  It  cannot  be  earlier  than  the  St.  Asaph  Drift, 
which  is  marine-postglacial,  and  contains  no  scratched  stones  except 
those  derived  from  the  preexisting  boulder-day. 

This  settles  the  first  and  most  important  question.  Even  if  the 
cave  were  seeded  hy  the  St  Asaph  Drifts  the  deposits  in  it  would  not 
he  pregladal. 

But  can  it  be  the  undisturbed  marine  St.  Asaph  Drift  ?  I  think 
not.  I  have  shown  that  the  marginal  deposits  of  that  age,  where 
they  can  be  observed,  are  sands  and  gravels,  such  as  we  might  expect 
upon  a  rocky  shore,  and  such  as  we  see  now  being  formed  along  the 
North  Wales  coast — such  as  are  seen  up  the  very  same  ravine  near 
the  limestone  rock  between  Y  Graig  and  Cae  Gwyn. 

The  deposit  outside  the  Cae  Gwyn  cave  consists  of  fine  sand  with 
earthy  patches  and  scattered  boulders,  of  such  a  character  and 
arranged  in  such  a  manner  as  would  result  from  the  working  down 
the  slope  of  surface-debris  from  the  drift. 

The  cave-deposits  of  Plas  Heaton  or  Cae  Gwyn  cannot  belong  to 
the  period  of  submergence ;  for  there  is  no  great  upsloping  bank  of 
shingle,  such  as  may  be  seen  in  any  cave  reached  by  the  tide ;  nor 
would  such  a  sea-cave  have  been  the  haunt  of  man  or  of  the 
hysena. 

It  is  quite  impossible  that  whether  during  the  occupation  of  the 
cave,  or  during  a  later  submergence,  the  lashing  waves  on  a  rock- 
bound  shore  exposed  to  the  north-west  winds  should  not  have  swept 
away  all  loose  debris  into  the  Qord  below. 

That  is  probably  why  we  have  not  yet,  and  possibly  may  not  in 
any  such  situation,  find  the  cave-deposits  of  the  age  just  before  the 
submergence.  Such  a  cave  as  Cae  Gwyn  would  have  been  swilled  out, 
and  the  leches  in  front  of  and  around  it  swept  quite  dean  by  every 
tide,  and  tibe  washed-out  drift  would  have  settled  down  in  the 
depths  below,  beyond  the  reach  of  the  wind-waves  and  shore- 
currents. 

If^  then,  the  cave-deposits  cannot  have  been  formed  before  the 
submergence,  because  rocks  first  brought  into  t^e  district  during 
the  submergence  are  found  in  the  drift  at  the  mouth  of  the  cave, 
and  debris  from  this  drift  is  found  in  the  cave,  and  if  ftirther,  from 
the  character  and  distribution  of  the  cave-deposits,  they  cannot  be 
due  to  marine  action  during  the  submergence,  it  follows  that  they 
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must  be  referred  to  an  age  subsequent  to  the  emergence;  but  bow  much 
later  there  is  nothing  save  the  paheontological  evidence  to  show. 

There  has  been  no  glacial  action  in  the  vale  since  the  age  of  the 
emergence,  when  the  Talargoch  gravels  were  formed,  nothing  but 
the  denudation  by  rivers  and,  on  the  higher  slopes,  by  rain  and  sub- 
aerial  degradation.  And  even  if  we  must  assign  the  palseolithic 
remains  in  the  cave  to  the  age  of  the  deposit  that  blocks  the  mouth, 
there  is  no  reason  why  there  should  not  be  bones  in  a  cave  of  the 
age  of  the  submergence.  On  tbe  contrary,  there  is  a  great  deal  of 
evidence  of  more  or  less  value  pointing  to  the  occurrence  of  bones 
in  these  and  similar  marine-drifts.  (See  Hughes,  Proc.  Soc.  Nat. 
Sci.  Chester,  pt.  3,  p.  31 ;  Strahan,  Mem.  Geol.  Surv.  £xpl.  Quart. 
Sheet  79,  N.W.  p.  33.  In  the  Hessle  and  Kclsea  Beds,  see  Phillips 
and  Prestwich  and  other  references  given  below).  There  is  often  a 
difEiculty  in  making  out  what  the  beds  are  from  which  bones  have 
been  recorded  (e.  g.  Tindall,  *  Geologist,'  vol.  i.  1858,  p.  493,  vol.  iii. 
1860,  p.  119 ;  Geol.  Mag.  vol.  i.  1864,  p.  142.  In  S.  StaflFord- 
shire,  Jukes's  *S.  Staffordshire  Coal-field,'  1859,  p.  207;  in  beds 
in  which  were  also  sea-shells,  see  Lister,  op.  cit.  p.  162).  And 
if  the  drift  that  finally  closed  the  mouth  of  the  cave  and  overlapped 
the  bones  outside  it  is  only  the  run-of-the-hill,  we  must  remember 
that  it  is  nothing  new  or  unexpected  that  raiuwash  and  limestone 
talus  should  contain  the  remains  of  palaeolithic  man  and  other 
animals.  On  the  slopes  of  Mont  Sal^ve,  south  of  Geneva,  fliat 
flakes  were  found  in  abundance  in  such  talus,  associated  with  bones 
of  reindeer,  &c. 

But  if  ever  we  come  upon  Preglacial  caves  we  may  expect  Pliocene 
animals  ;  and  if  we  find  caves  belonging  to  an  age  anterior  to  the 
great  submergence,  it  is  probable  that  the  animals  whose  remains 
are  found  iu  them  will  belong  to  an  older  group  than  those  found 
in  deposits  later  than  the  submergence. 

We  have  not,  however,  an  older  group  in  the  Ffynnon  Beuno 
cave.  We  find  there  the  animals  of  the  newer  postglacial  gravels 
of  the  south  and  east  of  England.  We  have  E,  primigenius  not 
E.  antiquuSf  R,  tichorhinus  not  JR.  megarhinus,  O.  tarandus  and 
C.  megaceros  not  C  verticomis  and  C.  SedgwicJcii. 

The  list  drawn  up  by  Mr.  Davies  *  is  as  follows : — 


Felis  leo,  var.  spelcea. 

F.  oatuB  feriu. 

Hyaena  crocuta,  var.  spelsa. 

Ganis  lupus. 

0.  TulpeB. 

TJr8U£,  sp. 

MeleB  taxus. 

Sub  Bcrofa. 


Bob  or  Bison. 
CervuB  giganteua. 
G.  elaphuB. 
G.  capi'eolus. 
G.  tarandus. 
Equus  caballuB. 
Bhinoceros  tichorhinus. 
Elephas  primigenius. 


(See: — Dawkins,  *Cave  Huntiug,*  'Early  Man  in  Britain,'  1880, 
*  Quart  Joura.  Geol.  Soc  vol.  xlii.  (1886)  p.  17. 
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Quart  Jonrn.  Geol.  Soc.  vol.  xxiii.  p.  108,  vol.  xxiv.  p.  616,  vol.  xxv. 
p.  213,  vol.  ixviii.  1872,  p.  410 ;  Searles  Wood,  Quart.  Journ. 
Geol.  Soc.  vol.  xxiii.  p.  394,  Geol.  Mag.  vol.  iii.  pp.  67,  99,  348, 
398,  vol.  ix.  1872.) 

If,  then,  the  drift  that  hangs  upon  the  slopes  above  Ffynnon  Beuno 
and  chokes  the  mouth  of  the  caves  must  be  later  than  the  emergence 
which  left  the  Talargoch  gravels,  what  can  it  be?  It  is  not  a 
river-deposit.  If  the  Vale  of  Clwyd  was  ever  filled  from  side  to 
side  up  to  that  level  by  the  old  western  drift,  that  drift  was  cleared 
out  during  the  submergence,  and  there  is  no  reason  for  believing 
that  the  valley  was  ever  so  filled  again.  Thus  there  was  nothing 
for  rivers  to  have  run  upon  at  that  high  level.     It«  character  and 


Fijr.  5. — View  of  Old  Fence,  Ffynnon  Beuno. 


arrangement  also  prove  that  it  is  not  alluvium  or  the  torrent-d^ris 
of  the  ravine. 

In  the  Plas  Heaton  cave  the  mass  of  drift  overlying  the  north  end 
of  the  cave  is  very  like  the  upper  St.  Asaph  Drift,  and  is  probably 
derived  directly  from  it ;  but  in  the  case  of  Cae  Gwj'n  cave  I  do 
not  think  this  is  the  case.  The  material  that  I  saw  in  the  section 
dose  to  the  rock  where  the  earth  had  fallen  in  did  not  appear  to 
me  to  resemble  any  known  section  in  the  undisturbed  St.  Asaph 
Drift.     It  is  quite  unlike  the  great  masses  of  red  sand  exposed  here 
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and  there  in  the  Wheeler  valley.  There  is  nothing  in  the  sections 
below  the  Mount  or  at  Brynelwy  at  all  resembling  itl  It  is  not 
like  the  drift  of  Wigfair  Isaf  or  the  variable  deposits  of  Wigfair 
Uchaf,  except  in  each  case  the  obvious  top  few  feet  of  rainwash. 
It  is  like  the  mixed  mud  and  sand  and  gravel  which  we  find  every- 
where overlying  the  St.  Asaph  Drift,  crumbling  down  the  hill- 
sides and  conformmg  to  the  slope  of  the  ground.  There  is  no 
sorting  of  the  material,  as  we  should  expect  if  currents  ran  along 
the  rock-face  or  waves  dashed  against  it ;  but  there  is,  here  and 
there,  an  obscure  and  gentle  false-bedding  from  the  cliff  as  of 
rainwash  creeping  down  the  slope. 

All  over  the  slope  above  Ffynnon  Beuno  the  superficial  deposits 
are  creeping  down  the  hill-sides,  hanging  on  every  lodge  and 
catching  on  every  obstacle.  Any  old  fence  proves  how  rapidly  this 
process  is  going  on ;  one  such  fence  ran  aorosB  the  bottom  of  the 
field  in  which  the  northern  end  of  the  cave  comes  out,  passing  up 
to  the  edge  of  the  precipice,  about  16  feet  from  where  the  drift  feU 
into  the  cave. 

There  we  see  (fig.  6,  from  a  photograph  by  Mr.  A.  D,  Walker) 
that  the  *^  head/'  or  travelling  talus,  has  been  banked  up  on  the 
upper  side  of  the  hedge,  so  that  there  is  a  fall  of  some  8  feet  from 
the  field  on  the  upper  side  of  the  fence  to  the  natural  level  below  it, 
which  also  has  been  lowered  by  the  general  working  of  the  soil 
down  the  slope.  In  the  sketch  the  stack  of  sods  lies  on  the  top  of 
this  old  fence ;  the  tree  grows  out  of  the  side  of  it.  This  super- 
ficial talus  is  the  upper  part  of  what  has  been  dug  through  at 
the  upper  mouth  of  the  cave,  beyond  the  two  persons  standing  by 
the  rails,  yet  it  has  not  been  distinguished  as  different  from  that 
which  has  by  some  been  taken  as  part  of  the  main  mass  of  the 
drift ;  and  rightly  so,  I  think.     It  is  aU  a  remanie  material. 

If,  after  an  inspection  of  the  ground,  any  doubt  remained  as  to 
the  recent  age  of  some,  at  any  rate,  of  the  material  which  covered  the 
northern  mouth  of  the  cave,  and  which  has  been  by  some  all 
equally  referred  to  glacial  drift,  a  more  careful  inspection  of  the 
glaciated  stones  out  of  the  mass  should  dispel  it.  There  were 
plenty  of  glaciated  stones,  such  as  may  be  found  everywhere  along 
the  flank  of  the  hill ;  but  some  of  these,  in  addition  to  the  more  or 
less  well-preserved  glacial  striaB,  carried  the  deep,  rough,  irregular 
grooves  of  agricultural  implements.  The  tilled  soil  and  the  rain- 
wash rapidly  accumulate  on  ledges  and  against  fences  on  the  steep 
slopes  of  the  Clwydian  range.  Similar  terraces  may  be  seen  close 
by  in  the  second  and  third  field  above  the  road  east  of  Brynbella. 

The  absence  of  shells  in  any  of  these  deposits,  so  far  as  negative 
evidence  is  of  any  value,  may  be  explained  on  the  supposition  that  the 
beds  have  been  much  modified,  if  not  transported  some  distance  down 
hill,  by  subaerial  action.  Fragments  of  shells  are  found  not  uncom- 
monly in  the  St.  Asaph  Drift,  along  the  rivers  Clwyd  and  Elwy, 
but  not  in  the  deposits  about  the  Ffynnon  Beuno  caves.  Moreover, 
the  surface  of  the  limestone  fragments  was  decomposed  in  the 
drift  outside  the  cave,  leaving  the  less  soluble  bands  sticking  out 
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in  Bharp  relief  and  showiDg  a  chemically  fretted  anrface,  not  Buoh 
as  18  seen  oh  stones  rolled  in  a  current,  though  common  on  those 
found  travelling  in  rain-wash.  This  proof  of  the  action  of  aci- 
dulated water  makes  it  probahle  that,  had  there  been  shells  in 
that  drift,  they  wonld  have  perished  altogether,  leaving  no  trace. 

The  surface  of  the  solid  rock  over  and  round  the  mouth  of  the 
cave  was  similarly  weathered,  and  the  deep  undercut  ledges  are  such 
as  are  commonly  found  along  all  cliffs  of  the  Mountain  Limestone 
when  exposed  to  chemical  and  ordinary  subaerial  weathering,  and  not 
rounded  off  by  breakers  or  by  ice-action.  There  was  no  trace  of 
amoothing  by  ice. 

The  scratched  stones  from  the  west  prove  nothing.  There  can 
have  been  no  man  or  hyaena  there  when  the  ice-sheet  from  Snowdon 
and  Arenig  carried  morainic  matter  across  the  Vale  of  Clwyd. 

There  are  no  scratched  stones  among  the  rocks  peculiar  to  the 
drift  of  the  submergence.  All  the  glaciated  stones  in  that  are 
derivative;  they  are  washed  from  old  Arenig  and  Snowdonian 
drift  into  the  St.  Asaph  Drift  and  into  the  rainwash,  and  are 
being  handed  on  still.  On  the  coast  at  the  present  time  they  are 
seen,  still  retaining  their  striations,  some  distance  from  the  drift 
from  which  they  have  been  derived. 

"We  must  remember,  too,  that  the  drift  blocked  only  one  end 
of  the  caves  of  Plaa  Heal  on  and  Cae  Gwyn,  so  that  there  is  no 
difficulty  about  the  manner  of  occurrence  of  any  of  the  objects 
except  those  in  and  under  the  drift  at  the  upper  entrance  in  each 
case. 

Part  Vn, 

Condusion. 

To  sum  up,  1  offer  the  following  tentative  classification  of  the 
principal  drifts  of  the  Vale  of  Clwyd.  I  place  the  Talargoch  gravels 
above  the  St.  Asaph  clay  and  sands.  The  surface  of  the  ground 
at  Talargoch  is  at  a  considerably  higher  level  than  St.  Asaph,  and 
mining-operations  have  proved  the  gravels  to  extend  to  a  much 
greater  depth  than  the  level  of  the  river  below  St.  Asaph ;  but  the 
central  parts  of  a  submerged  valley  would  not  receive  such  rapid 
additions  from  the  denudation  of  the  surrounding  area  as  would 
gather  along  the  shore.  If  we  ever  recognize  the  equivalents  of 
the  Talargoch  gravel  near  St.  Asaph  it  will  probably  be,  as  sug- 
gested above,  in  the  upper  gravel  and  sand  of  the  section  south  of 
Brynelwy. 


Q.J.G.S.  No.  169. 
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There  have  been  many  previous  attempts  to  prove  the  occurrenoe 
of  remains  of  Man  in  Miocene,  Pliocene,  and  Qlacial  beds ;  and 
before  this  it  has  been  contended  that  certain  cave-deposits  were  of 
preglacial  age,  because  a  mass  of  clay  with  boulders  blocked  the 
mouth — for  instance,  in  the  Victoria  Cave  near  Settle,  where  a 
large  group  of  animals,  such  as  occur  elsewhere  along  with  Man, 
were  found  in  beds  overlapped  by  boulder-clay  which  had  sealed  up 
the  mouth  of  the  cave.  It  was  at  one  time  supposed,  from  wrong 
determination  of  a  very  obscure  fragment,  that  a  fibula  of  Man 
himself  had  been  found  among  them ;  and  well  there  might  have 
been,  for  they  were  palaeolithic  animals.  I  organized  the  committee 
for  the  exploration  of  this  cave,  and  watched  the  excavation  at 
intervals  from  its  commencement,  so  I  had  every  opportunity  of 
forming  an  opinion  as  to  the  age  and  mode  of  formation  of  the 
deposits ;  and  ^'  I  hold  that  as  the  cliff  fell  back  by  wet  or  frost,  and 
limestone  fragments  fell  over  the  cave-mouth,  with  them  also  came 
masses  of  clay,  which  since  the  glacial  times  had  laid  in  hollows  in 
the  rock  above.  We  dug  and  found  such  there,  and,  more,  I 
observed  that  the  clay  lay  across  the  mouth,  as  though  it  had  thus 
fallen,  and  not  as  if  it  came  direct  from  glacial  ice  that  pushed  its 
way  athwart  the  crag  in  which  the  cave  occurs.  It  seemed  to  have 
fallen  obliquely  from  the  side  where  the  fissured  rock  more  readily 
yielded  to  atmospheric  waste,  so  that  it  somewhat  overlay  the  part 
immediately  above  the  cave.  On  the  inside  the  muddy  water  which 
collected  after  flood,  held  back  by  all  this  clay,  filled  every  crevice 
and  the  intervals  between  the  faUen  limestone  rock,  while  still 
outside  was  the  open  talus  of  angular  fragments  known  as  screes  "*. 

Mutalu  mutandis^  we  have  the  same  story  over  again  at  Efynnon 
Beuno. 

Man  followed  hard  on  the  receding  glaciers ;  but  before  the  ice 
filled  our  valleys  there  is  as  yet  no  evidence  that  Man  had  visited 
the  north-western  part  of  Europe  or  our  island,  if  it  was  an  island 
then. 

I  do  not  for  a  moment  deny  the  possibility  or  even  probability 
of  onr  some  day  finding  a  cave  which  was  formed  before  the  great 
St.-Asaph-drift  submergence,  or  even  before  the  Great  Snowdonian 
ice  rode  over  the  Vale  of  Clwyd  on  to  the  Cheshire  plains  ;  but  such 
caves  will  be  few,  and  their  age  hard  to  prove,  for  many  will  have 
been  altogether  destroyed  by  denudation,  or  will  have  got  swilled 
out  by  marine  and  subaerial  currents,  and  no  trace  of  their  first 
inhabitants  will  have  been  left.  The  question  is  one  of  such  great 
interest  that  we  are  justified  in  asking  for  very  clear  evidence  in 
each  case  in  which  it  is  stated  that  human  remains  of  great  an4quity 
have  been  found  in  caves. 

*  Tictona  Ingt^  March  1879. 
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EXPLANATION  OF  PLATE  IX 

On  Plate  IX.  are  figured,  natural  size,  the  principal  types  of  impLements  found 
in  Pontnewydd  Cave.  Nob.  1  to  6  are  made  of  a  greenish -grej  felstone,  pro- 
bably a  fine  compact  ash ;  no.  7  is  of  a  black  oherty  material ;  no.  8  is  of  flint, 
WBathend  a  yellowish  white. 

^gs.  1,  1  a.  A  roughly  pointed,  wedge-shaped,  felstone  implement  on  which,  at 
the  broader  end,  a  large  piece  of  the  original  surface  of  the  stone 
remains,  showing  that  it  was  manufactuiSd  from  a  drift  specimen 
and  not  from  rook  in  place. 
2,  2  a.  An  otbI,  double  wedge-shaped  felstone  implement,  resembUng  a 
form  I  hare  obtained  from  the  cave  of  Le  Moustier,  but  more 
common  in  the  river-drifts. 
8,  3  a.  Another  of  the  same  type  as  No.  1. 

4.  A  subquadrate,  flat,  felstone  instrument,  approaching  the  common  Le 

Moustier  form.    One  end  of  this  specimen  is  oorei^  with  travertine. 

5.  A  quadrate,  flat,  felstone  implement,  of  a  common  Le  Moustier  type. 

The  comers  appear  to  have  been  used  rather  than  the  edges.    Odb 
part  of  this  specimen  shows  the  original  surface  of  a  drift  stone. 

6.  A  rough  felstone  scraper ;  the  side  not  shown  in  the  figure  u  nearly 

flat. 

7.  7  a.  A  flake  of  black  cherty  rook,  might  be  a  Oarfooniferous  chert. 

8.  8  a.  A  curved  scraper-flake  of  flint,  showing  the  bulb  of  percussiQa 

and  weathered  to  a  yellowish-white  colour. 

DiBOirsBioKr. 

Br.  HiCKB  said  lie  was  entirely  unbiassed  when  he  commenced  his 
explorations  in  the  caverns  referred  to,  and  would  gladly  have  agreed 
with  Prof.  Hughes's  views  concerning  the  caverns  in  the  Vale  of 
Clwyd  if  that  had  been  possible.  He  had,  however,  found  that  all 
the  facts  were  entirely  opposed  to  the  views  advocated  by  Prof. 
Hughes,  and  consequently  he  was  unwillingly  compelled  to  dis- 
agree with  the  conclusions  arrived  at  by  him.  The  facts  were  per- 
fectly dear  and  had  been  accepted  by  every  one  who  had  visited  the 
caverns,  except  by  Prof.  Hughes.  The  latter  did  not  see  the  section 
at  the  C£ie  Gwyn  cave  until  it  was  almost  entirely  closed  up ;  and  he 
had  also  confounded  the  mixed  material  placed  against  the  fence  by 
the  men  in  the  earlier  explorations,  as  was  evident  from  the  diar 
grams  exhibited,  with  tfac  undisturbed  drift,  and  had  based  some  of 
his  arguments  on  this  mistake  and  on  an  ice-scratched  boulder  on 
which  there  was  the  clearest  evidence  of  its  having  been  recently 
struck  by  a  workman's  pick.  The  fence-argument  was  valueless  in 
any  case,  as  it  could  only  affect  the  surface- deposits  and  not  those 
shown  by  the  speaker  to  block  up  the  entrance  at  a  depth  of 
20  feet. 

The  Arenig  Drift  is  not  necessarily  the  oldest,  in  places  it  may  even 
be  the  newest,  and  it  is  known  from  well-sinkings  to  be  underlain  by 
sands  and  gravels  like  those  at  Talargoch,  in  which  bones  of  animals 
similar  to  those  found  in  the  caverns  were  discovered.  The  speaker 
cited  evidence  from  numerous  areas  to  prove  that  the  oldest  drift 
contained  northern  erratics,  and  said  that  no  hard-and-fast  lines 
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oould  l>e  made  out  in  the  drift  of  this  area.  Prof.  Hughes's  Glwy dian 
or  Bt.  Asaph  Drift  must  certainly  he  considered  the  newest,  as  it  is 
mainly  remanie.  It  is  situated  at  a  low  level  hetween  the  im- 
portant rivers  Elwy  and  Clwyd.  The  high-level  drift  at  Cae  Gwyn 
is  a  true  undisturbed  glacial  deposit  full  of  ice-scratched  boulders, 
and  may  be  correlated  with  the  deposits  mentioned  by  Mr.  Strahan, 
in  his  Geolc^cal  Survey  Memoir,  as  occurring  at  so  many  points 
at  a  high  level  in  this  area.  The  palieontological  evidence  shows 
that  the  caverns  contained  a  large  proportion  of  the  animals  found 
in  the  If  orfolk  Forest-bed,  whi(ih  Prof.  Hughes  admits  to  be  pre- 
giacial.  The  absence  of  other  forms  would  only  show  that  they 
had  probably  not  migrated  into  this  area,  hence  this  cannot  be  relied 
upon  as  evidence  of  dijQTerence  in  age. 

Br.  Hicks  was  perfectly  convinced  by  the  evidence  found  during 
the  explorations  that  the  caverns  of  Ffynnon  Beuno  and  Cae  Gwyn 
(the  other  caverns  referred  to  by  Prof.  Hughes  are  nearer  the 
great  rivers  and  at  a  much  lower  level,  therefore  the  evidence  ob- 
tained from  them  is  of  much  less  value)  must  have  been  occupied 
by  man  and  the  animals  before  the  climax  of  the  ice  age.  Also 
that  the  thick  stalagmite  was  formed  during  the  ice  age,  that  this 
was  broken  up  by  marine  action  during  the  submergence,  and  that 
the  caverns  were  afterwards  completely  covered  over  by  materials 
deposited  from  floating  ice.  The  mammalian  remains  and  the  im- 
plements, he  thereibre  maintained,  must  be  considered  as  of  pre- 
glacial  age. 

Dr.  J.  Evans  spoke  on  the  difficulty  of  reconciling  the  views  of 
the  two  geologists  who  had  spoken ;  perhaps  both  were  right  in  part. 
He  pointed  out  t^at  a  valley  must  have  been  cut  when  the  upper  end 
of  the  Cae  Gwyn  cavern  was  opened.  In  a  case  in  Norfolk  of  sup- 
posed preglacial  implements,  the  Boulder-clay  beneath  which  they 
were  found  proved  to  be  a  remani^  deposit. 

If  the  oave  were  preglacial,  either  the  glacial  age  in  Wales  was 
distinct  from  that  in  the  east  of  England,  or  Man  went  away  and 
returned  again.  The  implement  from  Cae  Gwyn  resembles  those 
of  the  upper  deposits  of  Kent's  Cavern.  Now  some  of  the  imple- 
ments in  the  east  of  England  are  made  of  stones  brought  into  the 
district  by  ice  of  the  glacial  period.  We  have  also  evidence  that 
Plas  Newydd  cave  is  postglacial.  It  is  improbable  that  similar 
implements  are  pr^lacial  in  Wales  and  postglacial  in  the  south  of 
Eogland. 

Prof.  Boyd  Dawtiks  said  that  he  had  examined  much  of  the 
drifts  of  Wales  and  Lancashire,  and  doubted  if  those  of  the  Vale  of 
Clwyd  could  be  distinguished  from  each  other  as  clearly  as  Prof. 
Hughes  contended.  The  interest  attaching  to  the  cave  depends  on  the 
light  which  it  throws  on  the  relation  of  Palaeolithic  man  to  the 
Glacial  period.  After  examining  the  fresh  section  he  felt  obliged 
to  accept  Dr.  Hicks's  evidence.  The  drift  above  the  place  where 
the  implement  was  found  was,  in  his  opinion,  not  reTnanie,  but  in 
^itu.    The  fact  that  Palseolithic  implements  occurred  in  Postglacial 


Digitized  by  LjOOQ IC 


118  PROF.  T.  ll*JtBNKT  HUOHKS  ON  THB 

deposits  Id  other  caves  in  the  neighbourhood  did  not  prove  that  they 
are  of  Postglacial  age  in  this  cavern,  because  there  is  evidence  at 
Crayford,  in  Kent,  that  the  river-drift  man  was  Preglaoial  in  the 
valley  of  the  Thames.  PalaBolithic  implements  are  found  over  a 
wide  area  in  the  Old  World — in  the  south  of  Europe  and  north  of 
Africa,  in  Egypt,  Palestine,  and  in  India;  and  their  distribution 
can  only  be  accounted  for  by  the  river-drift  man  having  lived  for 
a  long  series  of  ages  on  the  earth,  long  enough,  indeed,  to  be  pre-  as 
well  as  postglacial. 

With  regard  to  the  Mammalia  found  in  the  oaves  of  the  Vale  of 
Clwyd,  nearly  all  wore  living  in  the  eastern  counties  in  the  pre- 
glacial  age.  There  is  clear  proof  (1)  that  the  Pleistocene  Mammalia 
invaded  Europe  in  the  preglacial  age ;  (2)  that  they  were  driven 
away  from  the  British  area  by  the  results  of  the  lowering  of  the 
temperature  and  of  the  depression  of  the  land ;  and  (3)  that  they 
returned  and  occupied  the  British  area  after  the  retreat  of  the  ice  and 
the  re-elevation  of  the  land.  They  therefore  afford  no  evidence  as 
to  the  relation  of  the  deposit  in  which  they  are  found  to  the  Glacial 
period. 

Mr.  Drbw  asked  Dr.  Hicks  at  what  depth  (behind  the  fence)  did 
the  solid  rock  occur  beneath  the  place  where  there  was  now  material 
tipped  by  the  workmen. 

Dr.  Hicks,  in  reply  to  Mr.  Drew,  said  that  the  shaft  exposing  the 
drift-section  was  at  the  furthest  end  of  the  cavern  from  the  old 
fence. 

Prof.  Ca-Rvill  Lewis  regretted  not  having  seen  the  cave  itself, 
though  be  had  examined  the  glacial  deposits  of  the  neighbourhood 
and  of  North  Wales  generally.  He  was  glad  to  hear  that  the  views 
of  the  speakers  this  evening  were  in  favour  of  a  simplification  of 
glacial  phenomena.  From  a  study  of  glacial  deposits  in  many 
parts  of  Great  Britain  and  Ireland,  he  had  been  led  to  believe  that 
there  had  been  only  one  advance  of  the  ice  and  one  retreat,  one 
slight  elevation  and  one  slight  submergence,  and  that  the  submer- 
gence in  the  non-glaciated  area  was  contemporaneous  with  the 
maximum  extension  of  the  ice  in  the  glaciated  area.  There  were 
three  main  areas  of  local  glacial  dispersion  in  Wales,  the  glaciers 
from  each  of  these  being  defined  by  terminal  moraines.  But  there 
was  also  satisfactory  evidence  that  an  ice-lobe  coming  from  Scotland 
and  filling  the  Irish  Sea  had  impinged  upon  the  extreme  northern 
border  of  Wales,  and  passing  over  Anglesey  and  along  the  west  side 
of  the  Snowdonian  mountains  on  the  one  side,  and  into  Cheshire  and 
along  the  east  of  the  mountains  on  the  other  side,  had  pushed  its 
terminal  moraine  against  the  highlands  and  in  the  teeth  of  the 
opposing  local  glaciers.  The  latter  were  both  earlier  and  later  than 
the  northern  ice-lobe,  and  the  two  drifts  were  therefore  often  com- 
mingled. The  line  dividing  the  northern  ice-lobe  from  the  Snow- 
donian glaciers  was  close  to  the  cave  under  discussion,  and  the 
massive  deposits  near  St.  Asaph  were  probably  washed  out  of  the 
common  terminal  moraine.     The  undoubted  marine  deposits,  full  of 
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sheUs,  whioh  cover  the  lowlands  of  Lancashire  up  to  150  feet  above 
the  sea,  also  extended  up  the  Yale  of  Clwyd  to  the  same  level ;  but 
much  of  the  stratified  material  in  this  valley  was  remani^.  Tor- 
rential freshwater  action  operating  during  the  melting  of  the  ice  is 
an  important  factor  not  to  be  omitted  in  studying  valley-gravel. 
Many  terrace-deposits  supposed  to  be  marine  are  of  freshwater 
origin  and  of  late  glacial  age. 

The  Pbesideitt  insisted  on  the  importance  of  carefully  weighing 
the  evidence  adduced  by  the  Author,  seeing  to  what  an  enormous 
extent  it  was  proposed  to  carry  back  the  date  of  Man's  appearance 
on  the  earth.  All  those  who  had  visited  the  open  section  seem  to 
have  regarded  Dr.  Hicks's  views  as,  at  all  events,  tenable. 

Prof.  Hughes  explained  that  the  old  hedge  to  which  he  referred 
was  that  shown  in  the  sketch  and  photographs  which  he  exhibited 
(it  was  about  16  feet  from  the  opening  in  the  drift  above  the  upper 
entrance),  and  that  no  material  from  the  cave  had  been  thrown  by 
the  workmen  over  the  part  opposite  the  upper  entrance.  The 
scratched  boulder  produced,  with  the  marks  of  agricultural  imple- 
ments, was  one  of  many  out  uf  the  drift  dug  from  before  the  mouth 
of  the  cav^  and  was  the  one  given  him  by  Mr.  Luxmoore  as  a 
typical  specimen  of  the  boulders  in  the  drift.  Fontnewydd  and 
Plaa  Heaton  caves  could  hardly  be  said  by  any  one  acquainted  with 
the  district  to  be  at  a  low  level  near  the  great  rivers.  He  would 
refer  to  his  paper  for  the  evidence  in  favour  of  his  classification  of 
the  drifts,  merely  pointing  out  the  difficulty  of  accepting  Dr.  Hicks's 
correction  that  the  Arenig  Drift  is  not  necessarily  the  oldest,  though 
he  allows  that  the  St.  Asaph  Drift  must  certainly  be  the  newest. 

He  did  not  understand  Prof.  Dawkins's  suggestion  that  Man  could 
have  lived  through  many  glacial  phases,  if  he  was  speaking  of  the 
district  under  consideration.  When  the  Arenig  ice  covered  every- 
thing, Man  cannot  have  been  there.  He  was  not  discussing  the 
question  whether  Man  may  have  been  in  existcDce  anywhere  on  the 
earth  while  glacial  conditions  prevailed  in  Wales,  but  only  whether 
there  was  evidence  that  the  cave-deposits  of  the  Vale  of  Clwyd  were 
preglacial  or  a  little  later  or  much  later.  He  had  shown  that, 
according  to  the  best  authorities,  there  was  an  earlier  and  a  later 
Pleistocene  group  of  mammals,  and  had  pointed  out  that  the  animals 
in  the  Ffynnon  Beuno  caves  belonged  to  the  newer. 

In  reply  to  the  President's  remark,  ho  regretted  that  Dr.  Hicks 
should,  after  his  attention  had  been  more  than  once  called  to  the 
inaccuracy  of  the  statement,  have  again  endeavoured  to  throw  dis- 
credit upon  his  evidence  on  the  ground  that  he  had  not  had  oppor- 
tunities of  examining  the  sections.  Dr.  Hicks  had  no  means  of 
knowing  how  often  he  had  visited  the  locality,  but  had  had  the 
means  of  knowing  from  a  printed  report  that  he  (Prof essor  Hughes) 
had  examined  the  caves,  and  proposed  to  explore  them  about  a  year 
before  Dr.  Hicks  is  supposed  to  have  discovered  them.  Professor 
Hughes's  home  was  close  by ;  he  had  frequently  visited  the  caves, 
and  had  on  several  occasions  examined  the  drift  that  abutted  against 
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the  rock  in  the  section  referred  to  by  Dr.  Hicks  from,  tiie  bared 
limestone  at  the  base  to  the  surface.  He  could  assure  the  President 
that  ho  had  not  brought  the  matter  before  the  Society  without 
taking  pains  to  make  himself  thoroughly  acquainted  with  the  facts 
of  the  case. 

He  was  glad  to  have  the  concurrence  of  Prof.  Carvill  Lewis  in 
the  views  he  had  put  forward  with  regard  to  the  sequence  of  events 
in  Glacial  times  in  Wales. 
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8,  On    the    Dentition  and  Affinities  of  the  Selachian  Genus 

Pttchodus,  Agassiz.     By  A.  Smith:  Woodwabd,  Esq.,  F.G.S.,  of 

the  British  Museum  (Natural  History).     (Read  December  15, 

1886.) 

[PlatiX.] 

NoTWiTHSTANDiNa  the  abundance  of  the  well-known  teeth  of  Pty^ 
chodus  in  the  Chalk  of  many  localities,  and  the  long  list  of  specific 
forms  that  have  already  been  recognized,  very  little  information  has 
hitherto  been  published  in  regard  to  the  precise  affinities  of  the  fish 
to  which  they  originally  appertained.  So  rarely,  indeed,  are  any 
of  the  teeth  found  associated  in  natural  sequence,  that  it  has  been 
necessary  to  await  the  results  of  many  years'  patient  collecting 
before  being  able  to  pronounce  a  decided  opinion ;  but  materials  are 
now  forthcoming  for  at  least  one  further  step  in  the  determination 
of  their  relationships,  and  I  therefore  venture  to  oifer  to  the  Geolo- 
gical Society  some  account  of  the  accumulated  evidence. 

Since  these  interesting  fossils  first  became  the  subject  of  scientific 
study,  it  has  been  almost  the  universal  custom,  as  is  well  known, 
to  refer  the  genus  to  the  somewhat  comprehensive  "  family  "  of  Ces- 
traciontidae.  An  early  determination  of  Mantell  *,  it  is  true,  resulted 
in  the  suggestion  that  they  formed  the  dental  armature  of  fishes 
allied  to  the  Teleostean  Diodons ;  but  the  elaborate  researches  of 
Agassiz  t,  supported  by  Owen's  simultaneous  investigation  of  their 
microscopical  structure^,  have  always  been  cited  as  ample  proof 
of  the  affinity  of  their  original  possessor  with  the  Cestraciont  Sharks ; 
and  the  deeply  rooted  tendeucy  among  palsBontologists  to  refer  every 
isolated  crushing-tooth  to  the  same  extraordinary  group  has  also 
contributed  to  the  adoption  of  this  arrangement  without  serious 
question. 

But  the  original  observations  from  which  the  inferences  as  to  the 
systematic  position  of  Ptychodus  were  deduced  are  obviously  of  a 
very  uncertain  and  inconclusive  character.  In  the  absence  of  any 
but  scattered  remains  Agassiz  was  compeUed  to  make  use  of  sug- 
gestive appearances  and  probabilities  rather  than  well-ascertained 
f&cts;  and  in  framing  his  conclusions  he  particularly  emphasized 
at  least  two  of  these  leading  points.  In  the  first  place,  certain 
groups  of  teeth  seemed  to  be  so  arranged  that  the  smaUer  and  more 
prehensile  examples  occupied  an  anterior  position,  while  the  more 
truly  grinding-teeth  were  scattered  posteriorly,  thus  indicating 
a  disposition  analogous  to  that  of  the  living  Gestracion;  while, 
secondly,  there  wera  good  reasons  for  suspecting  that  a  number  of 

•  O.  A.  Mantell, '  FoBsils  of  the  South  Downs/  1822,  p.  231. 

t  L.  AgUBiz,  *  Becherches  sur  lee  Poiflsons  FoeeileB,'  toI.  iii.  pp.  56-59, 
150-158, 162. 

\  B.  Owen,  "  On  the  Structure  of  Teeth "  Brit.  Assoc.  Bep.  1838,  Trans. 
Sect  p.  140 ;  and  '  Odontography,'  pp.  57-59,  pis.  zviii.,  xiz. 

a  J.  G.  8.  No.  170.  K 
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cnrions  *'  Ichthyodorulites  "  also  armed  the  dorsal  fins  of  the  same 
fish. 

Owen's  farther  evidence  in  a  similar  direction  consisted  in  the 
remarkable  resemblance  between  the  medullary  tubes  traversing  the 
dentine  of  the  teeth  and  those  to  be  observed  in  the  teeth  of  Ces- 
tracion  and  Acrodiis ;  and  in  this  particular  it  became  obvious  that 
there  was  a  marked  divergence  from  the  dentinal  structure  of 
Ehynckobatus  (Rhino)  *,  with  which  the  peculiarities  of  mere 
external  form  suggested  comparison. 

The  latter  superficial  resemblance  has  frequently  been  noted  by 
subsequent  writers  f,  and  Dixon  has  even  remarked  j:  upon  the 
possibility  of  the  genus  Bhynckobaiifs  affording  some  clue  te  the 
arrangement  of  the  fossil  teeth  in  the  jaws.  But  until  eleven  years 
ago  the  three  fundamental  argument  of  Agassiz  and  Owen  remained 
unshaken,  and  it  is  only  within  this  later  period  that  comparatively 
satisfactory  materials  for  study  have  been  forthcoming.  Professor 
E.  D.  Cope  was  the  first,  in  1875  §,  te  show  that  the  supposed  dorsal 
spines  of  Ptychodus  were  really  the  paired  fins  of  Teleostean  fishes, 
having  discovered  much  more  complete  specimens  in  the  Cretaceous 
beds  of  the  Western  Territory  of  Kansas.  And  last  year,  in  the 
pages  of  *  Science  Gossip '  ||,  I  was  able  to  demonstrate  briefly  that 
the  fossils  upon  which  Agassiz  based  his  conclusions  as  to  the 
arrangement  of  the  dental  armature  were  likewise  misleading,  and 
that  there  was  not  the  slightest  agreement  with  the  Cestraciont 
plan. 

As  regards  microscopical  structure,  it  seems  possible  to  draw  con- 
clusions from  Owen's  observed  facte  somewhat  difierent  from  the 
original  inferences  still  generally  accepted.  And  it  is  with  a  dia- 
cussion  of  the  two  latter  questions,  especially  the  first  named,  that 
the  present  communication  is  particularly  concerned. 

In  the  prosecution  of  such  an  inquiry  the  fossils  in  the  National 
Collection  afford  several  important  fragments  of  evidence,  and  of 
these  it  is  proposed  te  offer  some  detailed  descriptions.  But  the 
most  beautiful  and  instructive  specimen  that  I  have  the  honour  of 
bringing  before  the  notice  of  the  Society  forms  one  of  the  fine  series 
of  Cretaceous  fossils  in  the  Brighton  Museum,  collected  by  Henry 
WiUett,  Esq.,  F.G.S.  To  the  latter  gentleman  I  owe  my  best  thanks 
for  the  opportunity  of  studying  it  in  London  and  of  utilizing  it  in 
the  present  investigation ;  aud  I  have  also  to  acknowledge  much 
kind  help  from  Edward  Crane,  Esq.,  E.G.8.,  Chairman  of  the 
Brighton  Museum  Committee,  who  first  pointed  out  to  me  the  fossil 
last  spring. 

*  B.  Owen, '  Odontography,'  pp.  44-4fi,  pi.  xxiv. 

t  e.  a.  Pictet  (*  Pal6ontologie,*  2nd  edit.  1854,  vol.  ii.  p.  26.5)  and  Quenatedt 
(*Handb.  der  Petrefaktenkunde,'  let  edit.  1852,  p.  181). 

}  F.  Dixon,  *  Geology  and  FosbUs  of  Sussejc,'  1850,  p.  361 ;  2nd  edit.,  1878, 
p.  390. 

§  E.  D.  Cope,  "  Vertebrata  of  the  Oretaoeous  Formations  of  the  West "  (U. 
8.  Geol.  Surv.  Terr.,  1875),  pp.  244  a-p. 

II  Smith  Woodward,  "  Chapters  on  Fossil  Sharks  and  Bays.— lY.,"  'Science 
Gossip,'  vol  zxi.  1886,  p.  109. 
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Descriptions  of  JSpeciTnens. 

The  detached  teeth  of  Ptychodus  are  so  familiar  and  have  been  so 
frequently  jGigxired,  that  nothing  remains  to  be  added  to  the  pub- 
lished descriptions  of  their  general  form.  But  it  will  be  convenient 
to  anticipate  slightly  by  referring  to  their  original  relations  in  the 
jaw.  Each  tooth  was  so  placed  that  the  large  characteristic  ridges 
and  furrows  had  a  transverse  direction,  while  the  borders  parallel  to 
these  were  completely  anterior  and  posterior.  Judging  from  the 
anal(^  of  several  recent  Selachians  to  which  the  genus  is  most 
nearly  allied,  the  somewhat  excavated  and  abrupt  boundary  of  the 
crown  was  posterior,  while  the  more  gently  sloping  and  overhanging 
border  formed  the  front ;  this  is  the  interpretation  adopted  here,  and 
in  aU  our  figures  the  anterior  border  is  directed  downwards. 

On  examining  the  associated  groups  of  teeth,  it  at  once  becomes 
evident  that  they  were  arranged  in  the  mouth  on  two  distinct,  but 
yet  closely  similar  plans.  The  first  type,  of  which  I  have  already 
published  a  sufficiently  accurate  diagrammatic  sketch  (loc.  dt,),  is 
admirably  elucidated  by  the  fossils  in  the  British  Museum;  and 
the  second  is  equally  well  shown  in  Mr.  Willett's  specimen,  which, 
moreover,  demonstrates  that  the  two  arrangements  were  opposed  to 
each  other  in  the  dentition  of  the  same  individual. 

I.  An  interesting  forerunner  of  the  fossils  revealing  the  first  of 
these  plans  is  a  small  example  of  P.  decurrens,  figured  many  years 
ago  in  Dixon's  '  Qteology  of  Sussex '  (plate  xxxii.  fig.  5) ;  but  this  is 
scarcely  complete  enough  to  give  any  satisfactory  clue  to  the  entire 
armature  of  which  it  formed  a  part.  Only  nine  teeth  are  shown, 
though  these  indicate  portions  of  no  less  than  four  parallel  rows, 
one  represented  by  three  components,  and  the  remainder  exhibiting 
but  two.  There  is  evidence  of  one  series  composed  of  relatively 
large  teeth,  and  the  rows  immediately  adjoining  this  on  either  side 
are  so  completely  alike  in  character  and  dimensions  as  to  appear 
quite  symmetrically  disposed  in  regard  to  it ;  while  a  still  more 
diminutive  series  sdone  remains  to  the  left. 

II.  But  the  specimen  of  greatest  interest  in  this  respect  still  re- 
mains undescribed,  and  is  shown  of  the  natural  size  in  PI.  X.  fig.  1. 
Its  precise  locality  is  unknown,  and  there  is  some  difficulty  in  its 
specific  determination ;  but  it  is  evidently  a  close  ally  of  P.  decurrens, 
even  if  not  a  variety  of  that  form.  Thirty-four  teeth  have  been 
disengaged  from  the  surrounding  chalky  matrix,  and  of  these  no 
less  than  twenty-three  are  shown  in  their  natural  order.  There  are 
remains  of  six  parallel  series,  and  the  general  appearance  of  the 
specimen  is  at  once  suggestive  of  symmetry  about  the  row  of  largest 
teeth,  which  would  thus  be  median  when  the  dentition  was  com- 
plete. This  series  (o)  is  represented  by  five  of  its  components, 
and  it  is  noteworthy  that  there  is  scarcely  any  variation  in  size  as 
they  are  followed  from  behind  forwards ;  all,  indeed,  have  approxi- 
mately tiie  breadth  of  0-021  m.,  and  the  length  of  0016 m.*  The 
aeries  (i)  immediately  to  the  left  of  the  median  row  is  likewise 

*  All  the  meaflurementfl  are  given  in  decimal  fraotionB  of  a  metro. 
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represented  by  five  teeth,  but  of  ita  homologae  to  the  right  only 
four  remain.  These  teeth  also  vary  but  little  in  size,  and  their 
average  measurements  are  0'013  in  a  transverse  direction,  and  0*01 
autero-posteriorly.  They  are  not  adjusted  to  the  edges  of  the  inter- 
posed large  teeth  with  any  marked  regularity,  having  no  definite 
relation  to  the  interspaces ;  but  each  example  appears  to  be  slightly 
adapted  in  shape  to  fit  whatever  position  it  occupies.  A  second 
lateral  row  (s),  similarly  adapted  to  the  outer  border  of  the  first,  is 
indicated  by  six  of  its  components  to  the  left  and  by  two  to  the 
right ;  these  are  stiU  smaller  in  size  than  the  others,  measuring 
only  O'Ol  by  0-009  on  the  left,  though  the  two  corresponding  teeth 
situated  more  posteriorly  on  the  right  are  a  millimetre  longer,  and 
thus  square.  A  stiU  smaller  and  somewhat  oblique  series  (s),  forming 
a  third  lateral  row,  is  represented  to  the  right  by  a  single  tooth,  the 
dimensions  of  which  are  only  0-008  by  0-008. 

This  specimen  affords  an  excellent  opportunity  of  observing  the 
character  of  the  surface-ornamentation  of  the  teeth  in  different  parts 
of  the  mouth,  and  entirely  confirms  the  conclusions  of  Agassiz  based 
upon  scattered  groups.  There  is  no  variation  of  importance,  and 
such  as  would  lead  to  the  establishment  of  more  than  one  species  if 
the  teeth  were  found  detached ;  and,  except  in  size,  the  lateral  teeth 
only  differ  from  the  median  in  being  slightly  flatter,  and,  in  a  few 
cases,  somewhat  oblique. 

III.  Another  fossil  in  the  British  Museum  that  may  perhaps  be 
referred  to  the  same  jaw  as  the  preceding,  though  quite  as  probably 
belonging  to  the  opposing  dentition,  is  also  of  considerable  import- 
ance, and  is  shown  of  the  natural  size  in  PI.  X.  ^g,  2.  This  is  an  un- 
doubted example  of  P.  d€curren8,  obtained  from  the  Chalk  of  Dorking, 
and  forms  part  of  the  late  Dr.  Bowerbank's  collection  (B.  M.,  no. 
39134).  Twenty-one  teeth  are  preserved  in  their  natural  relations, 
and  these  are  the  representatives  of  six  parallel  rows.  The  largest 
series,  to  the  extreme  right,  is  only  indicated  by  a  single  one  of  its 
components ;  but  of  the  second  row  there  are  three ;  of  the  third, 
six  ;  of  the  fourth,  six  and  the  impression  of  a  seventh ;  of  the  fifth, 
three ;  of  the  sixth,  two :  and  on  the  back  of  the  fossil  there  are 
several  scattered  examples  of  a  seventh  row  (fig.  2,  r).  In  ecu^h  of 
these  rows  there  is  exceedingly  small  variation  in  size,  and  the 
maximum  transverse  and  longitudinal  measurements  are  as  follow : — 

Series.  Transverse  Measure.    Antero-posterior  Measure. 

1 0-023  0-017 

2 0-016  0-012 

3 0011  0-009 

4 0-009  0-007; 

6 0-008  0-006 

6 0-006  0-006 

7 0-006  0-004 

The  teeth  are  slightly  more  displaced  than  in  specimen  No.  11. ; 
but  the  irregular  manner  in  which  the  components  of  one  series  are 
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adapted  to  the  next  is  again  very  evident,  and  there  i9  the  same 
slight  accommodative  yariability  in  shape.  The  superficial  ornamen- 
tation is  also  equally  constant ;  but  there  is  a  greater  tendency  to 
obliquity  in  all  the  teeth,  this  becoming  observable  even  in  series 
no.  2,  and  especially  marked  in  the  rows  beyond. 

lY.  A  smidl  example  (fig.  3)  of  the  same  species  from  the  Lower 
Chalk  of  Hailing,  Kent,  affords  the  first  definite  indication  of  the 
second  plan  of  arrangement  already  referred  to.  Only  nine  teeth 
are  shown  in  their  natural  relative  positions,  forming  parts  of  three 
parallel  rows ;  but  in  the  absence  of  further  evidence,  the  remarkable 
want  of  symmetry  is  a  most  perplexing  characteristic.  The  middle 
series,  represented  by  four  of  its  components,  is  considerably  the 
largest ;  but  in  the  two  adjacent  rows  the  teeth  of  the  one  side  are 
notably  smaller  than  those  of  the  other,  as  shown  by  the  following 
average  dimensions : — 

Series.  TranBYene  Measure.  Antero«poBterior  Mearare. 

0 0-006  0-005 

1 0-014  0-010 

2 0-010  0-007 

It  is  also  noteworthy  that  in  the  smallest  teeth  the  peculiarities 
of  the  grinding-surface  are  somewhat  abnormal,  the  peripheral 
granulated  area  encroaching  to  such  an  extent  upon  the  transversely 
farrowed  portion  that  the  latter  becomes  quite  inconspicuous. 

Y.  But  a  complete  explanation  of  this  specimen  is  afforded  by 
Mr.  Willett's  magnificent  fossil  from  the  Chalk  of  Brighton  (PI.  X. 
figs.  4-10).  like  most  of  the  other  comparatively  undisturbed  re- 
mains, it  IB  referable  to  the  common  P.  decwrrens^  and  no  less  than 
thirty-four  teeth  are  firmly  cemented  together  in  their  natural  rela- 
tions by  slightly  crystalline  pyrites;  while  seventy  others  were 
originally  associated  with  this  mass,  though  now  detached  in  small 
groups  and  isolated  specimens. 

Of  the  jaw  already  described,  only  seven  teeth  are  cemented  in  the 
main  mass,  and  these  belong  to  the  median  and  the  first  left  lateral 
row ;  but  of  the  opposing  jaw,  hitherto  entirely  unknown,  there  are 
satisfactory  remains  of  six  longitudinal  series,  and  certain  detached 
fragments  afford  evidence  of  stiU  more.  Here,  again,  there  is  com- 
plete symmetry  around  a  median  azygous  row ;  and  in  describing  the 
arrangement  it  will  obviously  be  necessary  to  use  the  terms  right 
and  left  in  the  opposite  sense  to  that  already  employed  in  reference 
to  fig.  1. 

The  median  series  is  scarcely  visible  on  the  grinding-surface,  only 
a  portion  of  one  tooth  projecting  through  the  hard  pyrites ;  but  evi- 
dence of  its  presence  is  afforded  by  the  distinct  abrasion  of  the  sum- 
mits of  the  opposing  teeth,  and  one  of  its  components  is  exposed  on 
the  back  of  the  fossil,  while  two  others  are  shown  in  a  detached 
fragment.  These  teeth  (fig.  5)  are  compluratively  small,  elongated 
antero-posteriorly,  and,  like  those  of  the  most  diminutive  row  in 
specimen  No.  IV.,  are  somewhat  abnormal  from  the  circumstance 
that  the  granulated  ornament  considerably  encroaches  upon  the 
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median  area  usually  occnpied  by  transyerae  ridges  and  furrows. 
Each  tooth  is  narrowed  in  front,  the  blunt  anterior  end  fitting  into 
the  slightly  forked  and  broadened  posterior  end  of  its  predecessor, 
and  the  root  is  extraordinarily  deep. 

In  the  series  (tig.  4,  i)  immediately  adjoining  this  median  row  on 
either  side  are  arranged  the  largest  teeth  of  the  jaw,  measuring  as 
much  as  0*025  in  a  transverse  direction,  by  0*019  antero-posteriorly. 
These  (fi^,  6)  are  quite  of  the  normal  type,  rectangular,  not  much 
elevated,  and  approximately  equal  in  size,  so  far  as  is  indicated  by 
the  ten  examples  preserved. 

The  second  lateral  row  (fig.  4,  2)  is  represented  on  the  left  by 
seven  of  its  components,  and  on  the  right  by  four.  These  teeth 
only  attain  the  average  dimensions  of  0*016  transversely,  by  0*013 
longitudinally,  and  there  is  little,  trace  of  obliquity ;  but  a  third  and 
much  smaller  series,  of  which  foiir  teeth  remain  on  the  left  (3),  begin 
to  exhibit  a  slightly  rhomboidal  form,  and  in  their  fossilized  state 
are  directed  somewhat  backwards.  The  Ijatter  have  an  average 
measurement  of  0*012  by  0*01,  and,  like  all  the  others  of  this  jaw, 
do  not  exhibit  any  distinct  traces  of  wearing. 

The  main  mass  does  not  afFord  evidence  of  further  lateral  rows, 
though  some  are  evidently  broken  away  from  each  side.  Lut  a 
detached  fragment  of  the  fossil  (fig.  7)  shows  three  examples  of  the 
right  row  no.  3,  flanked  outside  with  three  members  of  a  fourth 
series,  which  are  again  smaller  and  measure  only  001  by  0*007. 
These  teeth  are  very  oblique,  and  seem  tx)  have  been  followed  by  at 
least  one,  and  probably  more  outer  rows,  though  no  certain  proof 
is  forthcoming. 

Of  the  opposing  jaw,  as  already  stated,  only  seven  teeth  are  pre- 
served in  their  original  positions,  five  of  these  representing  the 
median  series,  and  the  remaining  two  belonging  to  the  first  lateral 
row  on  the  left.  A  detached  median  tooth  (fig.  8)  also  seems  to  fit 
in  a  hollow  in  the  main  mass,  and  this,  being  divested  of  all  adherent 
pyrites,  may  be  described  as  a  very  typical  example.  It  is  rather 
larger  than  the  largest  in  the  other  jaw  (fig.  6),  and  more  trans- 
versely elongated ;  and  the  crown  of  the  tooth  has  a  remarkably 
conical  form,  in  consequence  of  the  depth  of  the  groove  into  which 
it  is  adapted  to  fit  when  biting.  It  measures  0*032  transversely, 
by  0*02  longitudinaUy,  and  the  other  corresponding  teeth  with  worn 
summits  are  of  approximately  the  same  dimensions ;  but  two  asso- 
ciated examples,  evidently  just  developed  and  never  functional,  are 
of  somewhat  greater  size,  having  a  breadth  of  0*036  and  a  length 
of  0*023. 

The  grinding-siirfaces  of  the  two  lateral  teeth  in  situ  are  obscured 
by  contact  with  the  cementing  pyritous  matrix ;  but  there  are  several 
loose  specimens,  and  one  is  shown  from  two  points  of  view  in  %.  9. 
The  diinensions  are  considerably  reduced,  averaging  only  0*026  by 
0-015 :  but  there  is  the  same  transverse  elongation,  and  the  crown 
is  likewise  much  elevated.  It  is  also  noteworthy  that  the  examples 
showing  most  evident  traces  of  wearing  have  a  transverse  measure- 
ment as  much  as  four  millimetres  less  than  that  of  the  newly 
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developed  teeth  of  the  same  series,  and  there  is  a  corresponding 
diminntioD  in  length. 

Bemains  of  a  second  lateral  row  are  preserved  in  contact  with  a 
detached  series  of  the  left  row  no.  1  (fig.  10),  and  these  are,  again, 
smaller  (measuring  0*016  by  0*012)  ;  but  it  is  not  possible  to  distin- 
guish with  certainty  any  of  the  teeth  originally  placed  beyond. 

Exactly  as  in  the  previous  specimens — and  as  is  to  be  observed 
in  all  associated  groups  of  Ptychodont  teeth — there  is  no  remarkable 
variation  in  the  ornament  of  the  grinding-surfaoe  in  different  parts 
of  the  jaw  (except  in  the  small  median  row),  and  it  is  interesting  to 
be  able  to  determine  that  there  is  no  difference  in  this  respect  between 
the  upper  teeth  and  the  lower. 

Mr.  Willett's  specimen  also  supports  the  conclusion,  based  upon 
the  National  fossils,  that  there  is  no  regularity  in  the  plan  by  which 
one  row  of  teeth  is  adjusted  to  the  next,  and  offers  many  good 
examples  of  the  slight  adaptive  variability  in  shape.  But  there  is 
one  interesting  fact  in  regard  to  this  adaptation  which  is  not  so 
clearly  demonstrated  in  the  majority  of  specimens,  and  which  is  worthy 
of  a  passing  note,  since  it  affords  a  method  of  readily  distinguishing 
**  lefts  "  from  "  rights.**  The  outer  edge  of  every  lateral  tooth  is 
more  or  less  regular,  being  almost  straight,  and  terminating  anteriorly 
and  posteriorly  in  a  gentle  rounded  angle,  while  nearly  aU  the 
modifications  requisite  to  ensure  the  continuity  of  the  dental  arma- 
ture are  provided  by  the  variable  inner  edge.  In  very  many  cases 
the  posterior  inner  angle  is  produced  considerably  backwards  (e.  g. 
fig.  9) ;  but  neither  this  nor  the  other  adaptations  appear  to  affect 
the  extent  of  the  transversely  ridged  median  area. 

A  further  point  of  interest  in  the  Brighton  fossil  consists  in  the 
well-marked  character  of  the  pressure-scars,  produced — like  those 
in  the  teeth  of  Proboscidian  Mammals — ^by  the  forward  progress  of 
the  dentition  during  growth.  They  occur  as  small  polished  patches, 
exposing  in  section  the  minute  medullary  canals  with  which  the 
dentine  beneath  the  surface  is  everywhere  traversed ;  and,  as  might 
naturally  be  expected,  they  are  most  prominently  shown  in  the  older 
anterior  teeth.  Typical  examples  are  shown  in  figs.  8,  9.  Other 
teeth  in  the  British  Museum  exhibit  the  same  feature,  though  I 
am  not  aware  of  its  having  hitherto  been  noted,  and  scarcely  any 
specimens  show  it  so  prominently  as  the  example  just  described. 

YI.,  YII.  In  the  light  of  the  foregoing  facts,  it  will  be  interesting 
now  to  attempt  a  revision  of  the  various  specific  types  of  the  genus 
PtyekaduSj  and  to  endeavour  to  interpret  the  numerous  associated 
groups  of  teeth  that  are  already  within  the  reach  of  scientific 
inquiry ;  but  such  will  be  a  work  of  considerable  extent,  and  it  is 
beyond  the  scope  of  the  present  communication  to  enter  this 
untouched  field. 

It  may  be  worth  while,  however,  to  append  sketches  of  the  median 
teeth  of  two  of  the  species,  for  comparison  with  those  of  P.  decurrens ; 
and  the  originals  of  figs.  11  and  12  are  such  teeth,  belonging  to 
P.  pciygyriis  and  P,  paucisulcatug  respectively.  In  the  former 
(fig.  11)  the  ordinary  median  area  is  reduced  to  a  small  conical 
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eminence  with  radiating  furrows ;  while  in  the  latter  (fig.  12)  the 
same  part  of  the  grinding-surface  is  represented  by  about  three  very 
short,  comparatively  broad  ridges,  and  the  anterior  granulated 
portion  is  marked  by  delicate  branching  grooves. 

YIII.  A  concluding  note  may  also  be  added  upon  a  large  median 
tooth  of  P.  deeurrens  (fig.  13),  which  shows  the  extent  to  which  abra- 
sion sometimes  proceeded  before  the  final  shedding.  The  soar  caused 
by  the  opposing  row  of  diminutive  median  teeth  has  assumed  extra- 
ordinary proportions,  and  there  are  also  three  well-defined  lateral 
marks  of  wearing.  Two  of  the  latter  are  observed  on  the  left,  and 
a  larger  one,  connected  with  the  median,  is  situated  somewhat 
posteriorly  to  the  right 

Condusuyns, 

On  taking  a  general  glance  at  the  fossils  just  described,  and 
considering  their  peculiarities  as  mutually  illustrative,  it  seems 
possible  at  last  to  determine  the  precise  character  of  the  dentition  of 
Ptychodus,  at  least  so  fax  as  one  species  is  concerned.  The  specimens 
numbered  II.  and  Y.  (figs.  1  and  4)  show  distinctly  the  plan  of  ar- 
rangement of  the  two  jaws,  and  the  other  small  fossil  No.  III.  (fig.  2) 
will  obviously  determine  the  number  of  parallel  rows  constituting  the 
complete  armature.  Unfortunately,  however,  it  is  somewhat  difficult 
to  decide  whether  the  latter  specimen  is  truly  referable  to  the  jaw  to 
which  I  supposed  it  to  belong  when  my  previously  published  diagram 
was  sketched,  or  whether  it  rather  appertains  to  the  new  type  of 
dental  arrangement  revealed  by  Mr.  Willett's  fossil.  It  is  un- 
doubtedly an  example  of  P.  deeurrens,  and  the  rows  marked  1  and 
2  exhibit  precisely  the  same  relative  proportions  as  those  similarly 
denoted  in  specimen  No.  IV.  (fig.  3) ;  while  there  is  no  transverse 
elongation  such  as  is  evident  in  the  most  fragmentary  jaw  of  No.  Y. 
(fig.  4).  The  larger  tooth,  on  the  other  hand,  does  not  agree  very 
well  either  with  the  original  of  fig.  6  or  that  of  fig.  8 ;  but,  on 
the  whole,  it  seems  most  likely  that  the  former  is  its  homologue. 
Such  being  the  case,  there  would  be  originally  seven  lateral  rows  on 
either  side  of  the  small  median  series,  and  the  opposing  jaw  would 
almost  certainly  comprise  an  equal  number.  If,  however,  the  large 
tooth  in  fig.  2  is  one  of  a  median  row,  there  will  only  have  been 
six  lateral  series  in  each. 

Having  determined  so  much,  it  requires  but  little  study  to  demon- 
strate that  the  dentition  is  that  of  a  true  Ray,  and  does  not  bear  the 
slightest  resemblance  to  that  of  the  Cestraciout  Sharks.  Though, 
at  first  sight,  the  specimen  No.  II.  (fig.  1)  might  suggest  its  apper- 
taining to  a  single  ramus  of  the  jaw — with  the  largest  series  in  the 
middle,  much  as  in  the  living  Cestradon — yet  the  absence  of  all 
obliquity  in  the  rows,  and  their  completely  symmetrical  character,  are 
features  that  at  once  forbid  this  interpretation  ;  and  Mr.  Willett's 
specimen  (No.  Y.)  furnishes  decided  proof  that  such  an  idea  is  quite 
inadmissible.  The  two  mandibular  rami  were  thus  placed  almost 
in  the  same  straight  line,  as  is  the  case  in  so  many  of  the  living  Kays, 
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and  the  Bymphysis  (as  usual  in  these  fishes)  produced  no  line  of 
demarcation  in  the  enveloping  dental  armature. 

This  approximate  determination  of  the  affinities  of  Ptychodus^ 
indeed,  seems  to  furnish  a  means  of  deciding  upon  the  relative 
positions  of  the  two  jaws  already  descrihed.  Por  on  examining 
recent  Bays  it  will  he  ohserved  that  the  contours  of  the  dentition 
are  nearly  always  slightly  wavy,  with  a  prominence  at  the  symphysis 
of  the  lower  jaw,  and  a  corresponding  groove  in  the  upper ;  and 
this  relation  appears  to  be  quite  constant  throughout  the  group. 

There  can  be  little  doubt,  therefore,  that  the  lower  jaw  of  the 
extinct  genus  under  consideration  was  armed  by  the  teeth  so  well 
displayed  in  the  original  of  fig.  1,  while  the  upper  was  provided 
witii  the  series  most  satisfactorily  shown  in  fig.  4. 

But  with  regard  to  the  family  with  which  the  Ptychodonts  ought 
properly  to  be  associated,  the  dentition  alone  is  insufficient  to  afford 
a  definite  clue.  Eor  among  recent  Bays  the  characters  of  the  teeth 
are  never  of  more  than  generic  value*;  and  there  is  so  much 
variation  among  the  members  of  the  same  group  that  it  is  impossible 
to  proceed  beyond  a  hazardous  speculation.  £ven  so  peculiar  a 
dental  arrangement  as  that  of  Myliohatis^  for  example,  does  not 
prevail  throughout  the  entire  family  to  which  it  belongs,  since  one 
genus  {Dicerchatis)  appears  totally  different  and  is  armed  with 
ordinary  diminutive  teeth,  while  another  (Ceratoptera)  possesses  no 
dentition  whatever  in  the  upper  jaw,  and  has  nothing  of  importance 
in  the  lower  f .  Owen  and  others,  as  already  remarked,  have  fre- 
quently noted  the  superficial  resemblance  of  Ptychodtts  to  the  living 
Hhyruiiobatus^  and  it  is  quite  possible  that  there  may  be  some 
natural  affinity;  but  in  this  form  the  teeth  are  diamond-shaped, 
with  the  transverse  ridges  extending  from  corner  to  comer ;  and 
their  quincuncial  arrangement  and  microscopical  structure  are 
serious  obstacles  to  a  belief  in  the  suggested  relation  just  mentioned. 
The  arrangement  of  the  teeth  in  parallel  rows,  crossing  the  rami  at 
right  angles,  and  their  gradual  diminution  in  size  from  the  median 
series  outwards,  are  features  perhaps  indicating  some  affinity  with 
the  huge  Myliobatid®  ;  and  it  is  in  proximity  to  these  that  I  would 
venture  to  assign  the  genus  a  place.  Unfortunately,  however,  the 
broken  fragments  of  cartilage  that  constitate  the  only  part  of  the 
skeleton  hitherto  discovered  are  not  sufficiently  perfect  to  yield  any 
more  definite  information  ;  and  it  is  quite  possible  that  we  are  here 
concerned  with  a  representative  of  an  extinct  family  as  yet  unknown 
to  biological  science. 

And,  in  arriving  at  such  a  result,  it  is  impossible  to  omit  a  passing 
allusion  to  Prof.  Sir  Eichard  Owen's  supposed  decisive  argument 
in  a  different  direction,  derived  from  a  study  of  microscopical 
structure.  The  distinguished  author  of  the  '  Odontography ' 
himself  has  doubtless  long  ago  abandoned  the  idea  of  being  able  to 
recognize  fossil  Cestraciont  teeth  from  an  examination  of  the  pecu- 

*  A.  Oimther,  'Catalogue  of  Fishes  in  the  British    Museum/  toI.  riii. 
pp.  434-498. 
t  A.  Giinther,  op.  oU,  pp.  49&-498. 
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liaritieB  of  the  yasoular  dentine ;  and  as  such  inrestigations  failed 
to  separate  the  Dipnoan  CtenoduB  and  Ceraiodia — and,  still  more, 
the  Psammodonts  and  Petalodonts — from  the  CestraciontidaB,  it  is 
not  surprising  that  they  were  likewise  unsucoessful  in  correctly 
determining  Ptychoduts,  Microscopical  structure,  in  fact,  seems  rather 
to  depend  upon  function,  and  not  so  much  on  genetic  relationship. 

In  conclusion,  the  question  arises  as  to  whence  Ptychodus  came, 
and  whither  its  descendants,  if  any,  departed.  For,  so  far  as  is 
at  present  known,  not  a  trace  of  this  generic  type  occurs  in  any 
deposits  beyond  those  of  Cretaceous  age;  and  no  one  has  yet 
succeeded  in  discovering  a  Selachian  tooth  that  is  obviously  a  modi- 
fication of  the  form  so  common  in  the  Chalk.  Mantell's  Ptychodus 
MorUmi,  it  is  true,  is  suggestive  of  an  approximation  to  a  more 
ordinary  type  of  tooth,  and  it  is  not  improbably  one  of  the  missing 
links  required ;  and  a  Bohemian  example,  described  by  Eeuss  *  as 
F,  triangularis,  is  also  worthy  of  special  note  for  exactly  the  same 
reason.  But  the  progress  of  palseontological  knowledge  is  necessarily 
slow  and  uncertain,  and  we  are  compelled  to  remain  satisfied  with 
the  present  slight  advance,  while  deferring  the  solution  of  these 
wider  problems  to  a  fature  occasion  when  still  more  materials  may 
be  avulable. 

EXPLANATION  OF  PLATE  X. 

Fig.  1.  Portion  of  lower  dentition  of  Ptychodus,  gp.    (B.  M.,  no.  40056.) 

2.  Portion  of  upper  (?)  dentition  of  P.  decurrem.    (B.  M.,  no.  89134.) 

3.  Portion  of  upper  dentition  of  P.  decurrena.    (B.  M.,  no.  38564.) 

4.  Portion  of  upper  and  lower  dentition  of  P.  decurrens.    (Collection  of 

Henry  Willett,  Esq.,  F.G.S.,  Brighton  Museum.) 

5.  Tooth  of  upper  median  series,  found  associated  with  the  preceding 

specimen. 

6.  Tooth  of  upper  series  1,  associated  with  original  of  fig.  4. 

7.  Teeth  of  right  upper  series  3,  4,  associated  with  original  of  fie.  4. 

8.  Tooth  of  lower  median  series,  associated  with  original  of  fig.  4. 

9.  Tooth  of  left  lower  series  1,  associated  with  original  of  fig.  4. 

10.  Teeth  of  left  lower  series  1,  2,  associated  with  original  of  fig.  4. 

11.  Tooth  of  upper  median  series  of  P.  polygyrus,    (B.  M.,  no.  p  319.) 

12.  Tooth  of  upper  median  series  of  P.  paudsulcaiw,    (B.  M.,  no.  4358.) 

13.  Much-worn  tooth  of  lower    median  series  of  P.  decurrens,    (B.  M. 

no.  33247.) 

B.  M.  =  British  Museum.  All  the  specimens  are  from  the  Chalk  of  Kent  and 
Sussex,  and  are  drawn  of  the  natural  size,  with  the  anterior  border  in  each  case 
directed  downwards. 

Discussion. 

The  President  oongratnlated  the  British  Museum  on  obtaining 
the  assistance  of  so  promising  a  young  palaeontologist  as  the  author 
of  the  present  paper. 

Prof.  Seelet  expressed  a  high  opinion  of  the  paper.  The  subject 
was  one  of  much  difi&culty,  as  was  shown  by  its  having  baffled  a 

*  A.  E.  Beuss,  '  Die  Yersteinerungen  der  bohmischen  Kreideformation,' 
pt.  i.  (1846)  p.  2,  pi.  ii.  figs.  14-19.  This  species  was  subsequently  referred  to 
Acrodus  by  A.  Fritsch,  '  Reptilien  und  Fische  der  bohmischen  Kreideforxnation,' 
1878,  p.  16  fig.  38. 
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nataralist  of  so  much  knowledge  as  Agassiz.  There  was  a  fine 
series  of  specimens  of  Ptychodits  in  the  Woodwardian  Museum  at 
Cambridge;  bat  although  these  showed  the  linear  and  parallel 
arrangement  of  the  teeth  and  apposition  of  the  jaws,  and  although 
the  method  of  wearing  resembled  that  of  the  Bays,  the  subject 
had  not  been  dealt  with  by  any  one  so  clearly  as  the  examples  in 
the  Brighton  and  British  Museums  had  been  worked  out  by  Mr. 
Woodward.  At  the  same  time  Prof.  Seeley  thought  there  was  still 
some  question  if  PtychoduB  was  really  a  Skate.  It  was  certainly 
the  type  of  a  peculiar  plagiostomous  family. 

Mr.  KinvTON  pointed  out  that  if  the  arrangement  suggested  by 
Mr.  Smith  Woodward  was  correct,  the  large  teeth  of  the  lower  jaw 
ought  to  be  worn  on  both  sides,  and  those  of  the  upper  jaw  on  the 
inner  side. 

Mr.  Ltbekxer  said  he  had  described  a  dental  plate  of  a  Myliohatis 
from  the  Eocene  of  India  which  appeared  to  show  an  approxima- 
tion in  its  contour  to  Ptyehodus, 

Dr.  H.  Woodward  had  not  seen  the  Cambridge  specimens,  but 
noticed  the  very  fine  example  from  Brighton ;  the  specimen  now 
exhibited  showed  portions  of  the  teeth  of  both  jaws  well  preserved. 
He  pointed  out  the  absence  of  the  Cestraciont  prehensile  teeth,  and 
their  replaceipent  by  crushing-teeth  in  PtycJwdm.  This  was  a 
most  important  observation  of  Mr.  Smith  Woodward's.  He  thought 
the  present  discussion  would  throw  some  light  on  the  peculiar 
croshing-teeth  of  Carboniferous  Sharks. 

The  AuTHOB^  in  reply,  said  that  in  the  paper  he  had  treated  the  ques- 
tion of  attrition.  The  lower  median  teeth  were  worn  not  only  on  each 
Bide,  but  also  on  the  summit.  The  evidence  at  present  seemed  to 
him  to  leave  it  doubtful  whether  Ptychodus  was  the  type  of  a  new 
family  or  not.  He  agreed  with  Dr.  Woodward  that  forms  like 
Picmmodus  would  have  some  light  thrown  on  them  by  investigations 
into  the  dental  arrangement  of  Ptychodus, 
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9.  Note  on  NumfiTLiTEs  elegaks,  Sowerby,  and  other  Ekolibh 
NnocuLiTHs.  By  Prof.  T.  Rupert  Joeeb,  F.R.S.,  F.G.S. 
(Bead  December  15, 1886.) 

[Plate  XI.] 

There  being  mnch  confusion  in  the  supposed  relationship  and 
published  synonymy  of  Nummulites  elegans  (Nummularia*^  Sowerby), 
I  propose  to  offer  some  remarks  on  the  history  of  this  species,  more 
especially  as  less  trouble  would  have  been  caused  if  1  had  taken 
more  care  years  ago,  and  examined  all,  instead  of  only  some,  of 
Mr.  Sowerby's  specimens  which  have  been  associated  with  that 
name. 

Haying  just  now  seen  (October  1886),  for  the  first  time,  the 
"  Sowerby  Collection "  at  the  British  Museum  (Natural  History, 
Cromwell  Boad),  I  find  that  Sowerby's  labelled  specimens  of 
"  Nummularia  elegans  "  are  really  the  same  as  my  variety  Presi- 
wichianaf  of  Nummulites  phnulatus,  which  the  late  Dr.  Philippe  De 
la  Harpe  regarded  as  a  variety  of  N.  wemmeUnsis%,  Other 
specimens,  however,  which  belong  to  true  N,  planvlatus^  were 
confused  by  Sowerby  with  his  N,  elegans. 

Specimens  labelled  "  Nummularia  elegans "  on  the  original  card, 
No.  44007  (1)  in  the  "  Sowerby  Collection,"  are  exactly  such  as  come 
from  the  well-known  bed  "  no.  29  "  (at  the  base  of  the  Barton  Clay) 
of  Prof.  Prestwich's  section  of  the  strata  at  Alum  Bay,  Isle  of 
Wight,  in  the  Quart.  Joum.  Geol.  Soc.  vol.  ii.  (1846),  p.  257,  pi.  9. 
^^,  1.  One  horizontal  section  among  them  matches  one  of  Sowerby's 
drawings  in  the  '  Mineral  Conchology,*  pi.  638,  namely  the  10th 
figure  on  the  plate  (counted  in  the  order  of  the  figs.  1,  2,  3), 
included  in  <'  fig.  2,"  and  probably  magnified  two  diameters.  The 
other  drawings  in  "  fig.  2  '^  do  not  match  the  specimens  from  the 
bed  "  no.  29,'*  but  those  referred  to  in  the  text  (p.  76,  vol.  vi.)  as 
having  come  from  *<  Emsworth,"  and  which  are  still  in  the  Collection, 
and  are  so  marked.  These  so-called  "Emsworth"  specimens 
evidently  belong  to  N,  planulatus,  such  as  is  found  on  the  Continent, 
as  indicated  by  me  in  the  Quart.  Joum.  Geol.  Soc.  vol.  viii.  (1852) 
p.  350,  note. 

In  1852,  Mr.  James  De  Carle  Sowerby,  at  my  request,  showed  me 
the  "  Emsworth  "  (N,  planulatus)  specimens  at  his  own  house ;  but, 
not  comparing  the  figures  and  text  of  the  *  Min.  Conch.'  at  the  same 
time,  and  not  seeing  the  others  (that  is,  the  real  "  N.  elegans  "  of  the 
Collection),  we  did  not  discriminate  the  two  sets  of  specimens  ;  and 
my  note  (Q.  J.  G.  S.  1862,  p.  92),  written  on  the  occasion,  refers  only 

*  The  generic  term  Nummularia  used  by  Sowerby  is  an  unnecessary  synonym 
of  NummuliteSy  Lamarck;  and  the  reasons  for  preferring  Nummulites  to 
NummuliiM  are  giren  in  full  in  my  *  Catalogue  of  the  Fossil  Foraminifera  in  the 
British  Museum/  1882,  pp.  90,  91. 

t  Quart  Joum,  Geol.  Soc  vol.  xviii.  (1862),  p.  93. 

t  OataL  Foss.  Foram.  Brit  Mus.  1882,  pp.  22  &  92. 
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to  the  ^V.  planulatiu  (allocated  to  Emsworth)  alluded  to  in  the  text  of 
the  *  Mineral  Conchology '  at  page  76,  vol.  vi. 

No  locality  is  given  for  Sowerby's  real  N,  degans  (pi.  538,  part  of 
fig.  2),  though  its  identity  with  specimens  from  Bed  '*no.  29'' 
cannot  be  doubted;  and  the  mention  of  "Emsworth"  is  made 
incidentally  for  the  other  Nummulite,  about  the  relationship  of  which 
Sowerby  may  well  have  been  uncertain. 

In  the  British  Museum  ("  Sowerby  Collection  ")  we  find  No.  44007 
(1)  labelled  "  Nummtdaria  eltgans,  W.  D.  8."  There  are  several 
specimens  mounted  on  a  card.  One  is  illustrated  by  the  10th  figure 
(part  of  "  fig.  2  ")  on  pi.  638,  Min.  Conch,  vol.  vi.  (September,  1826*), 
and  described  at  p.  76,  under  Nummularia  elegans. 

No.  44007  (2)  is  the  same,  together  with  fragmentary  shells,  in 
a  clay  with  glauconite  and  coarse  quartz  grains,  much  rounded. 
This  is  evidentiy  the  glauconitic  clay-bed  of  the  Barton  series,  part  of 
"no.  29"  of  Prestwich's  Section  at  Alum  Bay,  Isle  of  Wight, 
a  J.  G.  S.  vol.  ii.  (1846)  p.  257,  pi.  9.  fig.  1. 

As  Sowerby's  "  elegans "  is  definitely  the  same  as  Nummvlites 
Prestwichumus  (var.  of  planulatus),  Jones,  of  the  bed  "no.  29,"  and 
as  Dr.  Ph.  de  la  Harpe  determined  some  of  these  Barton  ("  no.  29  ") 
Nummulites  sent  to  him  to  be  a  variety  of  i\^.  wemnulensis,  we  have 
three  names  for  this  little  fossil.  If  it  be  a  species  of  itself,  the  name 
eUgans  would  have  priority  of  any  other,  unless  the  commingling  of 
the  two  forms  in  the  '  Mineral  Concholog}' '  loc,  cit,  interferes  with 
the  value  of  the  evidence  of  the  original  card  with  mounted  speci- 
mens, labelled  *'  N,  elegana "  by  Sowerby.  It  is  unfortunate  that 
Mr.  Sowerby  at  the  same  time  referred  some  specimens  of  another 
species  (previously  described  by  Lamarck  as  ^^LenticuUtes planulata  ") 
to  his  ^.  elegans,  figuring  them  with  it,  and  alluding  to  some  of 
their  features  in  his  account  of  JV.  elegans.  Nevertheless  it  is  easily 
distinguished  both  among  his  figures  and  among  his  specimens  pre- 
served in  the  British  Museum.  Accepting  "  elegans  "  as  subordinate 
to  Vanden  Broeck  and  De  la  Harpe's  N.  wemtnelensis,  we  must 
replace  the  varietal  name  of  Prestttdchiana  by  that  of  elegans* 
Doubtless,  in  a  zoological  point  of  view,  wemmelmsis  is  itself  a  variety 
fii planulaius ;  and  this  latter,  as  De  la  Harpe  puts  it,  is  a  subor- 
dioate  member  of  the  N,  Murchisoni  group,  or,  as  Prof.  W.  K.  Parker 
and  myself  have  regarded  it,  a  variety  of  N.  jperforatus  lower  than 
complanatus  and  its  allies  t*  Therefore  elegans  (Prestwichiamis)  is 
a  variety  oiplanulatus  in  our  sense  ;  but  it  is  not  advisable  to  ignore 
the  specific  value  of  wemmelensis,  on  which  Dr.  De  la  Harpe  has 
bestowed  much  careful  research ;  and  N,  wemmelensis,  De  la  Harpe, 
var.  elegans,  Sow.,  is  a  correct  denomination  for  the  NummuUte 
imder  notice. 

To  proceed : — 

In  the  "Sowerby  Collection ":— No.  44007  (3)  contains  the 
individuals  shown  by  the  9th  and  11th  figures  (part  of  **  fig.  2  ")  on 
pi.  538.    No.  44007  (4)  has  the  6th  figure  (part  of  "  fig.  2")  on 

*  For  the  eiact  dates  of  the  part»  and  Tolumes  of  this  work,  see  Professor  E. 
Beneriet^s  note  in  the  '  Bullet  Soc.  Yaudoise  Sci.  Nat'  2  Mai,  1855. 
t  Bee  Ann.  &  Mag.  Nat  Hist.  ser.  3,  vol  viii.  pp.  233^  2d4. 
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pi.  538.  No.  44007  (5)  has  the  7th  and  8th  figures  (part  of 
"  fig.  2  ")  on  pi.  538.  These  are  said  to  be  from  Emsworth,  near 
Chichester,  and  consist  of  a  siliceous  shell-rock  not  otherwise  known 
in  England.  These  specimens,  Nos.  44007  (3,  4,  5),  were  those 
which  I  saw  with  Mr.  Sowerby  in  1852,  and  understood  to  be 
If.  elegans,  Becognizing  them  as  N.planulatus^  and  probably /oreijgrn, 
aud,  not  seeing  the  others,  1  did  not  adopt  the  name  elegans,  but 
desiguated  the  Barton  specimens  of  bed  ^'  no.  29,"  in  which  I  was 
then  interested,  by  a  new  name. 

It  will  be  well  to  mention  that  in  plate  538  of  the  '  Min.  Conch.' 
the  Nummulites  lasvigatus  is  illustrated  by  "  fig.  1 "  at  the  top ; 
N.  variolarius  by  "fig.  3,"  in  the  middle;  and  N,  elegans  [and 
N.  planulatus']  by  "  Hg.  2,"  at  the  bottom.  Counting  the  figures 
individually,  for  convenience  of  detailed  reference  (as  De  la  Harpe 
does),  "  fig.  1 "  comprises  nos.  1-5,  "  fig.  2  "  nos.  6-11,  and  "  fig.  3  " 
nos.  12-17,  counting  in  the  order  of  figs.  1, 2,  and  3;  if  in  the  order 
of  actual  position  on  the  plat«,  the  sequence  would  be  difierent.  Of 
"  fig.  2,"  at  the  bottom,  no.  10  is  the  real  '*  elegans  "  ♦,  the  others 
being  N.  planulatus  at  difierent  stages  of  growth  t,  and  from  3  to 
10  millim.  in  diameter. 


Elucidative  Scheme  of  Plate  538  *  Mineral  ConchologyJ 
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*  This  horizontal  section,  differing  from  any  such  on  the  "  Emsworth  "  stone  (on 
which,  indeed,  there  are  only  one  or  two  exposed),  is  like  tliose  of  the  specimens 
from  bed  "  No.  29 ; "  and  if  magnified  twice,  as  is  probable,  would  be  about 
2}  mm.  in  diameter. 

t  Such,  for  instance,  as  may  be  observed  among  a  set  of  specimens  of  this 
species  from  For^ts,  near  Brussels,  and  elsewhere. 
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It  may  also  be  remarked  that  the  labelled  card,  No.  44008  (1), 
with  Nummulites  variolarvus  (Lamarck),  contains  the  specimens 
figs.  12th,  14th,  and  17th  (part  of  "  fig.  3 '')  of  pi.  538.  No.  44008 
(2)  is  N.  variolarius.  No.  44008  (3),  N,  variolarius^  contains  the 
13th,  15th.  and  16th  figures  (part  of  "  fig.  3  ")  of  pi.  538.  No.  44008 
(4),  N,  variolarius,  without  a  localit}',  is  a  calcareous  lump  of  these 
little  fossils,  certainly  from  France,  like  the  coarser  of  the  two 
specimens  from  Betz,  Dep.  Oise,  "  P.  969,"  in  the  British  Museum  ; 
*  Catal.  Foss.  Foram.  B.  M.'  1882,  p.  38. 

1826.  The  description  of  N,  el^ans  by  James  De  Carle  Sowerby, 
in  the  *  Mineral  Concholog}  /  vol.  vi.  p.  76,  is  as  follows : — 

"  NUMirULARIA  ELEGANS,  Tab.  DXXXTin.  fig.  2. 

"  Spec.  Char.  Compressed,  smooth ;  whorls  about  six ;  septa 
gently  curved  from  the  axis,  numerous  [alar  prolongations  of  the 
chambers]  ;  aperture  rather  prominent. 

"  This  differs  from  the  last  TN,  Icevigatus]  in  being  smaller,  in 
having  fewer  whorls,  which  increase  more  rapidly,  and  in  the 
regular  curvature  of  the  septa.  When  young,  it  is  very  smooth  and 
regularly  lenticular.  The  large  figure  \^N,  planulatus]  shows  several 
series  of  diminishing  chambers,  as  mentioned  in  the  observations 
upon  the  genus  [pp.  73-74]. 

'^A  siliceous  stone  occurs  at  Ems  worth,  near  Chichester,  that 
contains  among  other  shells  an  abundance  of  these  Nummulites 
[N,  planulatus]  filled  also  with  silex,  the  other  shells  are  too 
imp^ect  to  ascertain  in  our  specimens. 

^*  It  is  an  intermediate  species  between  Lenticulina  and  Nummu- 
lites of  Lamarck." 

In  this  description  some  features  of  N,  planulatus  are  confused 
with  those  of  degans  itself. 

The  £m8worth  stone  referred  to  consists  of  siliceous  internal 
casts  of  MoUusks  (Bivalves  and  Gasteropods)  and  Nummulites,  with 
siliceous  cement.  This  last  was  sandy,  and  contains  some  glauco- 
nitic  grains. 

Inquiring  of  Prof.  Prestwich  in  1882,  about  this  "  Emsworth  " 
stone,  I  was  favoured  with  a  letter  in  which  he  informs  me  that  he 
has  '^  searched  in  vain  for  the  section  with  Nummulites  at  Emsworth, 
and  that  it  may  have  been  in  a  small  temporary  pit  in  a  lane.  The 
place  itself  is  on  the  [lower]  London  Clay."  ('  CataL  Foss.  Foram. 
Brit.  Mus.'  1882,  p.  24.) 

"  The  village  stands  in  greater  part  on  Chalk  and  Gravel ;  but  on 
the  outskirts  southward  it  passes  on  to  the  Lower  Tertiaries,  and 
possibly  to  the  Bognor  Beds  "  (Prof.  Prestwich,  November  10, 1886). 
A  well,  therefore,  may  reach  some  Lower  Tertiary  beds ;  but  no 
siliceous  fossils  are  known  in  them. 

Proi  Prestwich,  however,  has  suggested  to  the  author  that,  as 
very  little  is  known  of  the  "Bognor  Rock,"  and  nothing  of  its 
lower  portion,  it  is  just  possible  it  may  possess  some  peculiar  stratum 
holding  N,  planulatus ;  and  that  this  would  be  such  as  on  the 
(Continent  occupies  the  horizon  equivalent  to  that  of  the  London 
Clay^  including  the  Bognor  Bx)ck. 
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In  the  *  Proceed.  Geol.  Assoc*  vol.  ii.  (1872)  p.  158,  Mr.  Caleb 
Evans  referred  to  this  Nummulite,  described  by  Sowerby  and  found 
at  "  Emsworth  Common,"  as  possibly  indicating  the  presence  of  the 
''  Bracklesham  Series  "  at  that  place,  about  3  miles  to  the  east  of 
Portsdown  Hill. 

Mr.  Clement  Eeid,  F.G.S.,  who  is  also  weU  acquainted  with  the 
country  near  Chichester  and  Havant,  writes  me  (Oct.  23,  1886),  in 
reply  to  inquiries : — "  I  have  referred  to  all  the  maps,  but  cannot 
make  out  how  any  NummuHte  rock  can  occur  in  situ  at  Emsworth. 
It  may,  however,  be  possible  that  Sowerby  is  right;  for  having 
worked  within  two  miles  of  Emsworth,  I  find  that  as  the  Chichester 
synclinal  is  a  good  deal  sharper  than  on  our  old  Geological  Survey 
map,  Bracklesham  beds  may  occur  near  Emsworth.  There  is  another 
possible  explanation,  namely,  that  Sowerby's  specimen  was  from  an 
erratic  block.  There  are  several  blocks  of  Bognor  Eock  scattered 
over  the  country." 

Mr.  Keeping,  in  a  letter  dated  November  25,  1886,  says — "  The 
strata  at  Emsworth  are  London  Clay  and  Woolwich  beds ;  so  we  may 
be  certain  that  the  occurrence  of  the  Nummulite  is  a  mistake." 

In  the  British  Museum,  the  late  Mr.  F.  E.  Edwards's  collection 
contains  several  loose  specimens  of  both  N.  FrestwicJiiantis  and 
N.  variolarius^  labelled  as  having  come  from  "  Emsworth  ; "  but  this 
is  exceedingly  doubtful,  for  they  and  the  small  Mollusks  and  other 
fossils  with  some  of  them  have  every  appearance  of  specimens  from 
Barton  and  Highcliff. 

1837.  H.Galeotti,  in  his  "Memoire  sur  la  constitution  geognostique 
de  la  Province  de  Brabant"  (Mem.  couron.  Acad.  R.  Belg.  vol.  xii. 
1837,  p.  141),  quotes  "  Nummulina  elegans,  nobis  et  Sowerby,  Min. 
Conch,  pi.  538.  fig.  2,"  as  occurring  at  Forets,  Jette,  and  Laeken,  in 
Belgium,  and  at  Barton ! 

1846.  In  Prof.  Prestwich's  memoir  "  On  the  Tertiary  Formations 
of  the  Isle  of  Wight,"  in  the  Quart.  Journ.  Geol.  Soc.  vol.  ii.  at  page 
254,  bed  no.  16  at  Whitecliff  Bay  is  said  to  contain  "  Nummulit^s 
elegans  "  (the  Rev.  0.  Fisher  regards  this  as  probably  being  N.  vario- 
hriuSy  Q.  J.  G.  S.  vol.  xviii.  p.  70 ;  and  it  is  near  the  position  of 
Mr.  Keeping's  Prestwichianu^-hed,  see  p.  145);  beds  nos.  14-12 
to  contain  N,  Icevigatus ;  and  bed  no.  11  to  contain  N,  elegans  and 
scaher  (referable  to  N,  variolarius  and  N,  Icevigatus).  At  page  257 
the  bed  "  no.  29  "  at  Alum  Bay  is  said  to  have  N,  loevigatm  and 
N,  el^ans.  Here  the  latter  agrees  with  Sowerby 's  determination 
(see  above)  ;  whilst  the  former  species  may  occur  lower  down  in  the 
Bracklesham  portion  of  the  bed  "no.  29,"  but  it  is  doubtful*. 
Mr.  Keeping  states  that  N,  variolarius  (or  a  thick  Prestwichianus) 
is  met  with  in  Mr.  Prestwich's  "  no.  29,"  in  the  upper  portion  of 
the  hroum  part,  and  the  flattened  form  midway  between  this  and 
the  base  of  that  clay  (Letter,  November  25  &  29, 1886). 

1848.  In  Bronn's  *  Lethaea  geognost,  Index  palsBontolog.'  vol.  i. 

*  I  did  not  note  this  species  in  Mr.  Prestwich's  collection  from  Alum  Bay  in 
1862  (see  page  147). 
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p.  62S,  Sowerby^s  JV^  elegans  is  referred  to  *^  Lenticulites  planulata,^^ 
Lamarck,  with  doubt. 

1850.  Dixon's  *  Geology  of  Sussex/  &c.  1st  edition. 

P.  85.  Nummvlaria  variolaria,  Sow.  Min.  Conch,  t.  538.  f.  3, 
Stubbington;  common. 

P.  85.  N.  elegans.  Sow.  M.  C.  t.  538.  fig.  2,  Alum  Bay,  Isle  of 
Wight;  rare. 

P.  85.  N,  radiata  (Montfort),  Bracklesham ;  rare :  pi.  ix.  ^%.  7 ; 
this  is  N.  variolaria  with  some  of  its  septal  lines  raised  externdly. 

Mr.  Sowerby  himself  drew  up  this  list,  and  applied  the  name 
**  eUgans "  to  the  specimens  from  Alum  Bay  then  under  notice, 
having  already  given  that  name  to  the  same  species  from  the  same 
place  in  1826,  though  unfortunately  mingled  with  others  (N.plan^ 
vlatus)  in  the  description  and  figures. 

1850.  In  his  '  Histoire  des  Progres  de  la  Geologic,'  vol.  iii.  (1850), 
p.  236,  M.  d'Archiac  states  that,  in  Sowerby's  pi.  538.  fig.  2,  "  lea 
figures  de  droite,  de  gauche  et  la  coupe  du  milieu,"  named  *^  elegans,^* 
may  be  *'  N,  planulata  " ;  and  at  p.  240,  that  in  fig,  2  "  les  trois  plus 
petitee  seulement "  are  ^^  N.  planuluta,^*  These  three  smallest  figures, 
however,  really  comprise  two  oiplanulatus  and  one  of  eUgans. 

1852.  In  the  Quart.  Joum.  Geol.  Soc.  vol.  viii.,  at  p.  350,  Sir 
Charles  Lyell  added  this  note  to  his  Memoir  on  the  Belgian  Tertiary 
Pormations: — 

"  Mr.  T.  Eupert  Jones  informs  me  that  the  Nummulite  figured  as 
N,  elegans  in  the  '  Mineral  Conchology '  from  specimens  marked 
'  Emsworth,  near  Chichester,'  and  which  Mr.  J.  de  C.  Sowerby  has 
kindly  permitted  him  to  examine  *,  is  (as  suggested  by  M.  d'Archiao, 
Hist.  Progr.  G^l.  vol.  iii.)  undoubtedly  the  N.  planulatus  of  conti- 
nental geologists.  It  is  probable^  therefore,  that  in  that  part  of 
England  where  the  Bracklesham  beds  with  N,  lawigatus  are  so 
largely  developed,  strata  characterized  by  N,  plamdatits  also  exist ; 
and  it  is  highly  desirable  that  their  relative  position  should  be  care- 
fully studied." 

The  succession  (downwards)  of  the  Nummulites  in  Belgium  is 
stated  in  Sir  C.  Lyell's  paper,  op,  cit.  pp.  279  and  349,  to  be : — 

Sables  moyenB, 'l  =  Upper  part  of] 
ou    Gres  de  1-     the     Caloedre  VN^variolaHus,    Taftkenian.     Barton  Olay. 
Beauchamp.  J     groener.  J 

SaUes       inf&-) 


rieurs,  Sables 
Soisflonaifl, 
partie  sap^ 


N.planitlaius, 


Paniselian?' 
and  XJp- 
perYpre- 


[Not  in  Eng- 
^     landt.] 


1854.  B'Archiac  and  J.  Haime,  in  their  <  Monogr  Nummulites/ 
&c.  (1853-64),  p.  143,  refer  to  Sowerby's  N.  elegans, » Min.  Conch.' 
voL  vL  (1829),  p.  76,  pL  538.  fig.  2,  as  N.  planulata,  var.  a,  pL  ix. 

*  Had  the  Alum-Bay  gpecimens,  also  labelled  **  N.  elegans*  been  examined 
at  the  same  time,  this  name  would  hare  been  retained  for  them. 

t  Unlett  in  an  unlmown  stratum  of  the  '*  Bognor  Bock  "  (see  p.  135) 
Q.J.G.6.  No.  170.  L 
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figs.  10, 10  a-c.  At  p.  146  they  properly  refer  to  Sowerby's  fig.  3 
as  N,  variolaria,  and  figure  it  in  pi.  ix.  fig.  13. 

1854.  In  Morris's  Catal.  Brit.  Foss.  2nd  edit.  p.  38,  N.  elegans, 
Sow.,  is  placed  under  Nummulites  planulatug,  Lam. 

1862.  The  Eev.  0.  Fisher,  in  his  Memoir  "  On  the  Bracklesham 
Beds,"  Quart.  Joum.  Geol.  Soc.  vol.  xviii.,  allocates  JVummulites 
variolarius^  lavigatus^  and  Prestwichianus  to  their  several  beds  of  the 
Bracklesham  and  Barton  formations,  at  pages  67,  70-84,  and  says 
(p.  84) : — "  At  Alum  Bay  the  greater  part  of  the  fossiliferous  beds  in- 
cluded in  No.  29  of  Mr.  Prestwich's  Section  (Quart.  Joum.  Geol.  Soc. 
vol.  ii.  pi.  9)  may  be  correlated  satisfactorily  with  those  usually  known 
as  the  Barton  and  HighclifE  series.  There  is  a  well-known  and  marked 
seam  of  dark  green  sandy  clay,  containing  abundance  of  JSummulina 
Prestwichiana.  It  contains  Barton  forms ;  and  therefore  we  may 
safely  carry  the  Barton  series  down  so  far,  though  it  is  lower  in 
series  than  any  bed  from  which  fossils  have  hitherto  been  collected 
at  Highcliff.  The  same  Nummulite-bed  occurs  there  also"  (see 
p.  87). 

1862.  At  Whitecliff  Bay  part  of  the  *  No.  17 '  of  Prof.  Prestwich's 
section,  Quart.  Joum.  Geol.  Soc.  vol.  ii.  p.  264,  and  of  the  xix. 
of  Mr.  0.  Fisher's  section,  Q.  J.  G.  S.  vol.  xviii.  pp.  69  &  70,  is 
regarded  by  Mr.  Fisher  as  the  equivalent  of  the  green  bands  which 
form  the  base  of  the  Barton  beds  at  Highcliff  and  Alum  Bay,  and 
these  contain  the  Nummulina  planulatus  [wemmelensis],  var.  Prest- 
wiekiana, 

1862.  Quart.  Journ.  Geol.  Soc.  vol.  xviii.  pp.  93,  94.  Appendix 
B  to  the  Rev.  0.  Fisher's  memoir  "  On  the  Bracklesham  Beds." 

^^  Note  on  NuMMTTLH^TA  PLAiruLATA,  LamaTck,  sp.,  var.  Prest- 
wicHTAUA,  Jones.     By  T.  Rupert  Jones,  F.G.S. 

^^  This  little  ^ummulite  is  discoidal,  smooth,  and  flat,  rarely  in 
any  degree  biconvex,  even  in  the  young  state,  unless  the  outer  whorl 
has  been  flattened  by  pressure ;  about  y^^^-th  inch  in  diameter,  and 
•^th  in  thickness.  The  gently  sigmoid  and  semitranslucent  edges 
o^  the  septa  appear  at  the  surface,  and  but  seldom  rise  above  it 
(except  when  the  specimens  are  mechanically  compressed,  which  is 
a  common  condition).  The  whorls  (three  [four]  in  large  specimens) 
are  all  visible  in  empty  shells  made  transparent  by  water  or  Canada- 
balsam;  they  are  proportionally  wide  for  Nummulina  (the  outer 
whorl  making  half  [  |th  or  |^th]  the  width  of  the  disk).  The  chambers 
are  about  half  as  long  as  wide,  neatly  curved,  but  subject  to  irregu- 
larity of  growth.  The  lateral  portions  of  the  chambers,  though  very 
shallow,  are  continued  over  the  surface  towards  the  centre  on  each 
face,  and  are  rather  straight<er  in  old  specimens  than  in  the  young  [?]. 

"  This  neat  and  delicate  variety  of  Nummulina  planulata^  Lamarck, 
sp.,  has  long  been  known  in  a  day  containing  much  green  sand,  at 
Alum  Bay,  Isle  of  Wight  (lower  part  of  the  bed  '  No.  29 ''  of  Mr. 
Prestwich's  Section,  Quart.  Joum.  Geol.  Soc.  vol.  ii.  p.  257,  pi.  9. 
flg.  1) ;  but  it  has  not  hitherto  been  described  *.     It  is  near  to  MM. 

*  The  writer  did  not  then  know  that  Mr.  J.  De  0.  Sowerby  had  included  this 
Nummulite  under  the  description  of  N,  eUgans  in  the  Min.  Conch,  vol.  ri.  p.  76. 
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d'Archiac  and  Haime's  NummuliUs  planulata^  var.  a,  from  Jette 
Belgium ;  but  the  latter  has  a  biconvex  centre  (opake  when  mounted 
in  balsam),  has  narrower  whorls  (in  the  proportion  of  1  to  4,  instead 
of  IJ  to  4),  and  grows  to  a  somewhat  larger  size.  To  distinguibh 
our  variety  (which  characterizes  a  well-marked  geological  zone),  1 
propose  to  give  it  the  name  of  Prestwichiana ;  and,  as  the  small 
biconvex  variety  of  N.  planulata  passes  binomially  as  N.  variolaria, 
BO  this  small  depressed  variety  of  the  same  species  may  be  allowed 
to  stand  on  a  similar  footing,  and  be  known  as  N,  Prastwiehiana. 

"In  the  sandy  day-bed  at  Alum  Bay  the  shells  of  this  little 
Nummulite  are  very  numerous,  and  often  well  preserved,  but  not 
nnfrequently  much  crushed  by  pressure.  In  many  specimens, 
especially  lai^e  ones,  the  chambers  are  occupied  by  iron-pyrites ; 
and  neat  casts  may  be  obtained  by  carefully  dissolving  the  shell  in 
weak  dilute  acid.  In  the  clay  at  High  Cliff  the  shells  are  not  so 
numerous,  are  very  much  compressed,  and  so  highly  pyritized  that 
they  are  readily  destroyed  by  the  atmosphere." 

It  may  be  added  that  even  in  the  smaller  specimens  the  alar 
chambers  though  ^^  radiate "  are  not  straight,  but  curved ;  and  in 
the  largest  individuals  they  become  "  sinuate  " ;  therefore  this  form 
is  one  of  the  "  sinuo-radiates  "  *. 

1863.  In  a  letter  dated  November  9,  1863,  the  Bev.  0.  Fisher 
wrote: — 

"  This  N,  Prestwichiana  seems  to  range  over  what  I  have  taken 
as  the  junction  of  the  Bracklesham  and  Bartons.  At  Alum  Bay  the 
forms  with  which  it  occurs  are  Barton  forms,  while  at  Hunting 
Bridge  it  lies  at  the  bottom  of  a  thick  bed  of  Bracklesham  fossils." 
He  also  refers  to  N.  variolaria,  a  species  of  the  Barton  series,  as 
occurring  at  King^s-Garden  Gutter,  New  Forest  ("Brook,"  F. 
Edwards),  "  rare,  but  persistent." 

1876.  Ann.  &  Mag.  Nat.  Hist.  ser.  4,  vol.  xvii.  p.  286.  Among 
some  fossil  Nummulites  dredged  up  in  the  English  Channel,  N, 
Prestwichiana  was  met  with,  and  it  is  noted  that  this  last  form  was 
described  in  the  Quart.  Joum.  Geol.  Soc.  vol.  xviii.  pp.  93,  94,  as 
If,  plamilata,  var.  Prestwichiana,  and  possibly  may  be  essentially 
the  same  as  N,  planulata,  var.  a.  minor,  d'A.  &  H.,  which  occurs  at 
Jette,  in  Belgium." 

1878.  Dixon's  *  Geology  of  Sussex,'  &c.,  2nd  edition  by  T.  E. 
Jones. 

Page  172.  NummvUina  variolaria  (Lamarck).  Strongly  ribbed ; 
pL  ix.  (10),  fig.  7. 

Page  172,  note  by  T.  E.  J.  :— 

"  Nummulina  degans^  Sow.  '  Min.  Conch.*  t.  538,  referred  to  at 
p.  85  in  the  First  Edition,  was  [in  part]  originally  described  from  a 
specimen  said  to  have  come  from  a  well  t  at  Emsworth,  near  Ports- 
mouth. It  is  not  known  anj-where  else  in  England.  The  figured 
specimen  [11th  figure  in  fig,  2  of  the  plate]  closely  resembles  speci- 

•  Ann.  k  Mag.  N,  H.  aer.  3,  vol.  y.  p.  109,  vol.  riii.  p.  116. 
t  I  do  not  know  where  I  learnt  this  fact ;  perhaps  Mr.  Sowerby  gave  me 
the  information. 

l2 
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mens  from  Belgium.  N,  Prestwichiana  (Quart.  Joum.  Geol.  Soc. 
vol.  xviii.  p.  93),  from  the  junction-beds  of  the  Bracklesham  and 
Barton  series  at  Alum  Bay,  may  have  been  mistaken  for  [on  the 
contrary,  was  correctly  given  by  Mr.  Sowerby  as]  N.  elegans  in  the 
catalogue  at  p.  85  of  the  First  Edition." 

1879.  Writing  (October  1, 1879)  about  some  English  Nummulites 
which  I  had  sent  to  him,  Dr.  Philippe  De  la  Harpe  explained  his 
views  about  Nummvliteswem^nelensis,  and  the  variety  Prestwichiana^ 
which  latter  I  now  refer  to  Sowerby's  elegans ;  and  he  stated  that  pf 
N.  wemmelensis  (which,  though  rare,  occurs  at  Brussels,  Jette,  Wem- 
mel,  Laeken,  Ghent,  and  Briendereck  in  Belgium)  he  recognized  the 
following  varieties : — 

1.  Type:  size  2-3  nullim. ;   shape  irregularly  lenticular,   with 

knob  in  the  centre ;  surface  smooth.    Wemmel  and  Jette. 

2.  Yar.  plieata:  size  1^-2  millim. ;  shape  lenticular,  with  de- 

pression in  the  centre ;  surface  plicated.    Ghent. 

3.  Yar.  granulata :  size  1-^-2  millim. ;  shape  flat,  surface  granu- 

lated.    Brussels,  Park  St.  GKlles. 

4.  Yar.  minor :  size  1  millim. ;  lenticular,  smooth,  regular. 

6.  Yar.  Prestwichiana  {^degans'] :  size  1-2  millim. ;  flat,  smooth, 
r^ular. 

The  spire  is  very  nearly  the  same  in  all  the  varieties ;  the  last  is 
always  much  larger  than  the  foregoing  whorl.  By  its  variations 
this  species  has  affinities  with  N.  variolaHus^  with  AssUina^  and  with 
Opercidina  *. 

In  the  '  Catal.  Foss.  Foram.  Brit.  Mus.'  1882,  pp.  91-93,  I 
stated  that  "  the  proposed  specific  name  '  JV.  wemnveUensis '  for  the 
type  to  which  my  *  N.  planulata,  var.  Presttvichiana '  evidently 
belongs,  had  such  strong  justification,  that  I  acceded  to  the  accep- 
tation of  my  friend  Ernest  Yanden  Broeck's  suggestion.  Still,  for 
convenience,  the  term  *  Prestwichiana '  has  been  frequently  entered 
in  the  Catalogue,  as  a  synonym.''  It  seems  now  that  elegans  has 
priority,  if  not  over  wemmelensis^  yet  over  Prestwichiana  as  one  of 
its  varieties. 

This  Prestwichiana  or  elegans  is  one  of  the  Nummulites  which 
have  a  large  primordial  or  central  chamber,  N,  wemmelensis  also 
having  the  character  typically. 

In  Belgium  the  late  Be  la  Harpe  found  eight  species,  consisting  of 
four  pairs  of  Nummulites,  one  of  each  pair  having  a  very  small, 
and  the  other  a  large  central  chamber,  thus : — 

Small  central  obamber.  Large  central  chamber. 

{N.  elegans,  De  la  H.  (nos.  9  and  11 
of  Sowerb/B  fig.  2.  pL  638).  N. 
planulaiuSf  D'Archiao. 

2.  N,l<Bvig<aus,  lAin.  (T^w  and  va- 1  j^  LarnarcH,  d'Arch. 

3.  N.  HeberH,  d*Axck,    2f.  variolariiis,  Jjam, 

A    -KT  /v-r-       '//v.    T       n^^    tj^\  i N.  wemmeUnsis,  Yanden  Broeck  (■» 

4.  N,  Orbignyx  {Opercul^na,  Galeotti).  |     j^  pianukoJ,  Tar.  a,  vel  minor),  ^ 

'*'   See  Be  U  Haipe's  letter  in  the  *OataL  Fom.  Foram.  Brit.  Mus/  p.  92. 
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Among  Nnmmnlites  in  general,  the  same  pairing  of  species  holds 
good,  thns : — 

Central  ohamber 


SmalL 
K.  perforatus. 
N.  Brongniarti. 
N.  complanatuB. 
N.  gizenais. 
N.  oontortus. 
N.  biaritxensis. 
Aasilina  exponens. 
A.  spira. 


Large. 
N.  Lncaaanus. 
N.  Molli. 
N.  Tchibatcheffi. 
N.  currispira. 
N.  striatoB. 
N.  Guettardi. 
Aflsilina  mamillata. 
A.  subepira. 


See  Catal.  Foss.  Foram.  Brit.  Mus.  pp.  92,  93. 

The  constant  association,  in  the  same  strata,  of  large  individuals 
with  a  small,  and  small  indiTiduals  with  a  large  central  chamher,  is 
more  fully  treated  in  Dr.  Ph.  De  la  Harpe's  "Memoir  on  the 
Nummulitos  of  Switzerland  "  (Mdm.  Soc.  Pal.  Suisse,  toI.  vii.  1881), 
at  p.  63,  &c.,  thus  carrying  out  to  a  practical  result  the  obser- 
Tations  made  by  Prof.  Parker  and  myself  in  the  '  Annals  Nat.  Hist.' 
Bcr.  3,  vol.  vii.  1861,  p.  233.  Dr.  De  la  Harpe,  however,  appears 
not  to  have  seen  this  paper,  nor  our  "Notes  on  Nummulit^," 
op.  cit,  vol.  V.  1860,  pp.  109,  294,  &c. ;  nor  Carpenter,  Parker, 
and  Jones's  observations  in  the  *  Introd.  Study  Foram.'  Ray  Soc. 
1862,  pp.  262-276  ;  at  least  he  does  not  refer  to  them  in  detail. 

1881.  "Etude  des  Nummulites  de  la  Suisse,"  &c.,  premiere 
partie,  Mem.  Soc.  Paleontol.  Suisse,  yol.  vii.  At  page  29,  referring 
to  some  forms  which  he  thought  that  D'Arohiac  had  confused  under 
the  name  of  planulata.  Dr.  De  la  Harpe  stated  that  the  little  form, 
with  large  central  chamber,  figured  by  Sowerby  as  N.  elegans,  *  Min. 
Conch.'  pi.  538.  figs.  6-11  [Sowerby's  **  fig.  2 "],  and  taken  by 
D'Arohiac  for  young  N,  planutaius^  should  retain  the  name  given  by 
Sowerby. 

I  consider  the  nos.  6-9  and  11  (in  "fig.  2")  to  be  really 
2^.  planulatus  of  different  stages  of  growth  ;  but,  coming  under  that 
genus  instituted  by  Lamarck,  they  did  not  require  a  new  name : 
whilst  "no.  10  "  is  one  of  the  specimens  on  Sowerby's  card  labelled 
"  Nummularia  elegans,^  and  forming  the  chief  subject  of  his  para- 
graph on  N.  elegans,  op.  cit.  p.  76. 

Dr.  De  la  Harpe  having  found  some  small  lenticular  planulati 
with  a  large  central  chamber,  regards  them  as  one  of  his  ttvin 
species.  Nos.  7  and  8  in  Sowerby's  •*  fig.  2  "  are  like  these  exter- 
nally, and  may  or  may  not  have  the  large  central  chamber.  At 
all  events  they  either  are  or  have  been  mixed  up,  in  the  siliceous 
rock  of  "  Emsworth,"  with  planulatus  (nos.  6-9,  and  11).  Even 
if  they  be  the  same  as  De  la  Harpe's  twin  species  referred  to 
(Numm.  Suisse,  pi.  7.  figs.  12-23),  they  cannot  be  called  elegans,  as 
that  name  is  on  Sowerby's  label  of  the  Prestwichiana  variety  from 
Alum  Bay. 


Digitized  by  LjOOQ IC 


]  42  PBOF.  I.  B.  JOJTBB  OS  ITDMICULIIES  SLEGANS 

1883.  In  the  posthnmoos  portion  of  our  deceased  friend  Dr. 
PhU.  De  la  Harpe's  "  Etude  des  Nummulites  de  la  Suisse  et  Revision 
des  Esp^ces  Eocc^nes  des  Genres  Nummulites  et  Assilines/'  partie 
troisi^me  (M^m.  Soc.  Paleontol.  Suisse,  voL  x.),  1883,  p.  169,  we 
have  the  synonymy  of  the  little  Nummulite  under  notice  thus 
given : — 

NuMicuLiTEs  Wekmeleksis,  Dc  la  Harpe  and  Vanden  Broeck, 
pi.  xi.  figs.  62-70.     (Var.  Prestwichii,  figs.  66-70.) 

1822.  Nummulites  lenUcula  (pars),  Defrance,  Diet.  Sc  Nat.  vol. 
XXXV.  p.  226. 

1837  (?).  Id,  (pars),  Galeotti,  M^m.  constit.  geogn.  Brahant; 
M6m,  Acad.  Belg.  vol.  xii. 

1837.  N.  elegans  (pars),  Galeotti,  op,  cit 

1853.  N.  planulata,  d'Orb.  var.  a.  minor,  D'Arch.  et  Haime, 
Monogr.  Numm.  p.  143,  pi.  9.  f.  10,  a,  6,  c. 

1861.  Id.  Lam.  sp.,  var.  Prestwichiana^  B.  Jones,  Quart.  Joum. 
Geol.  Soc.  vol.  xviii.  p.  93. 

At  p.  171,  De  la  Harpe,  under  *'  Nummulites  planulata^  Lamarck 
sp."  (pi.  vii.  figs.  1-11),  places : — 

"  1829.  Nummxdaria  elegans  (pars),  Sowerby,  Mineral  Gonchology, 
voL  vi.  p.  76,  pi.  648.  figs.  6,  7,  8  (non  figs.  9,  10,  11)." 

Excepting  no.  1 0,  these  (Sowerby's  "  ^^,  2  ")  are  in  my  opinion 
definitely  N,  planulatus  (Lam.). 

At  p.  175,  under  "  Nummulites  elegans,  Sowerby  "  (pi.  vii. 
12-23),  De  la  Harpe  places  :— 

"  1829.  Nummularia  elegans  (pars).  Sow.  Min.  Conch,  vol.  vi. 
p.  76,  pi.  638.  figs.  9,  10,  11  {non  6,  7,  8)."  These  also,  ex- 
cepting no.  10,  are  N.  planulatus ;  De  la  Harpe's  figures  12-20  are 
like  young  planulatus  with  large  central  chamber,  and  externally 
like  some  (nos.  7  and  8  of  Sowerby's  '*  fig.  2  ")  which  accompany 
other  planulati  of  larger  growth.  His  figs.  21-23  represent  a  very 
thin  form  ("  depressa  "). 

TTie  English  Nummulites, 
I.  NuMMrLiTBs  KLE0AN8,  Sowcrby.     PL  XI.  figB.  1-9. 

The  following  synonymy  of  N.  elegans,  Sowerby,  is  here  offered 
as  being  in  accordance  with  what  we  have  noted  above : — 

1826.  Nummularia  elegans  (part.),  Sowerby,  Min.  Conch,  vol.  vi. 
p.  76,  pi.  538.  fig.  2  (part,  namely,  no.  10). 

1837.  Nummvlinn  elegans  (part.),  nobis  et  Sowerby,  Galeotti, 
Mem.  constit.  G^ogn.  Brabant,  p.  141. 

1846.  Nummulina  elegans,  Prestwich  ♦,  Quart.  Joum.  Geol.  Soc. 
vol.  ii.  p.  267. 

1848.  Lenticulites  planulata  (?),  Bronn,  Index  Palasont.  vol.  i. 
p.  628. 

*  At  p.  254  N  variolarius  appears  to  have  been  mianamed  elegan*. 
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1850.  Nummidaria  degansy  Sowerby  in  Dixon's  Creol.  Sussex, 
p.  85. 

1850.  I^ummuliUs  planulata  (part.),  S'Archiac,  Hist.  Progres 
Geol.  vol.  iii.  pp.  236  and  240. 

1853.  Nummulites  planulatiu  (part.),  Jones,  Quart.  Jouru.  Geol. 
Soc.  vol  viii.  p.  350,  note. 

1854.  Nummuliiia  planulata,  var.  a,  vel  minor  (part.),  D'Arch. 
&  Haime,  Monogr.  Num.  p.  143. 

1854.  Nummulites planulatus  (part.),  Morris,  Cat.  Brit.  Eoss.  2nd 
edit.  p.  38. 

1862.  NummuUna  planulata^  var.  Prestwichtana,  Jones,  Quart. 
Journ.  Geol.  Soc.  vol.  xviii.  p.  93. 

1878.  NummuUna  planulata,  var.  Prestwichiana,  Jones  in  Dixon's 
GeoL  Sussex,  2nd  edit.  p.  172,  note. 

1881.  Nummulites  elegans  (part.),  De  la  Harpe,  Numm.  Suisse, 
part  i.  p.  29. 

1882.  Nummulites  Wemmellensis,  var.  Prestwichii,  De  la  Harpe, 
Catal.  Foss.  Foram.  Brit.  Mus.  pp.  92,  93. 

1883.  Nummulites  Wemmellensis,  var.  Prestunchiana,  De  la  Harpe, 
Numm.  Suisse,  part  iii.  p.  169. 

1886.  Max  von  Hantken  in  the  Eoldtani  Kozlony,  xvi.  Kotet,  1886, 
in  a  paper  on  some  American  Nummulites  (p.  188),  pi.  1.  fig.  4, 
gives  **^  N,  elegans  "  after  De  la  Harpe,  Etude  Numm.  Suisse,  p.  175, 
pL  7.  f.  12-23,  with  5  whorls,  not  rapidly  increasing. 

In  addition  to  the  general  description  of  N,  elegans  (Prestwichiana) 
given  above  at  page  138,  the  following  notes  on  its  size  and 
proportions  wiU  be  useful  in  its  identification.  (Mr.  C.  D.  Sherbom 
has  kindly  given  me  his  help  in  measuring  the  small  English 
Nummulites.) 

Sowerby's  figure*  no.  10  in  "fig.  2,"  magnified  probably  two 
diameters,  represents  a  specimen  about  2^  millim.  across,  with  4 
whorls,  there  being  the  following  number  of  chambers  in  the 
whorls : — 

Iflt.  2nd.  Srd.  4th. 

7  14  22  35? 

Sowerby's  specimens  (from  the  bed  "  no.  29,"  Alum  Bay), 
flattened  by  pressure,  are  of  various  sizes,  as  usual ;  and  one,  broken 
open  (not  artificially  bisected  *)  and  not  well  preserved,  gives : — 


*  Sowerby's  mounted  specimens  of  "  N.  elegane  **  from  Alom  Bay  do  not  offer 
any  good  horizontal  sections.  Those  that  have  their  median  chambers  exposed 
have  been  broken  open,  in  breaking  the  matrix,  with  such  an  uneven  fracture  that 
they  do  not  show  sections  of  an  even  plane  like  that  seen  in  specimens  oarefuUy 
ground  down,  and  henoe  they  have  the  central  chambers  obscure. 
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Measurements  in 
millimetres. 

Number 
of  whorls. 

1 

Number  of  chambers 
in  the  whorls. 

Diameter. 

Tbiokneaa. 

Ist. 

2nd. 

3id. 

4th. 

One  of  Sowerb/e  iipeci- 
men* / 

SpedmenB    from    Alum 
Bay    (bed  "no.  29")- 
flattened  by  pressure. 

From     Wldtecliff    Bay' 
(Keeping*B  Frestwichi- 
anuS'heS),    Nearly  aU  • 
the  specimens  are  flat- 
tened by  pressure , 

Prom   Highcliff  ("  D," 
Keeping),  not  flattened  - 
by  pressure 

P 

ordinary 

ordinary 
3 
4J* 

.f 

2 

1 

? 

2 
2i 

i 

4 

*       \ 

i       1 

i 

i 

1 

i       1 
i 

i       1 

I      i 

J 

4 

4 

4 

r, 

4? 

4 

4 
4 
4? 
4? 

9? 

7 

8 
8 

8 

;  8 

i  8 

ii 

1 

13 
14 

14 
13 

14 

12 
15 
15 
14 

14? 
21 

20 

? 

19 

18 
20 
? 

? 

20? 
26? 

? 
? 

? 

25-? 
? 
? 
? 

From  Hunting  Bridge, 
New  Forest  

In  Bed  "  no.  29  "  the  specimens  are  thin  and  compressed,  with 
the  alar  prolongations  ('*  aLB,"  or  lateral  extensions)  of  the  chambers 
nearly  all  reaching  the  centre,  somewhat  curved;  more  sinuous 
and  less  regular  in  old  individuals  (Fl.  XI.  fig.  I).  From  the 
Hunting-Bridge  beds  specimens  given  to  me  by  the  Bev.  0.  Fisher, 
F.G.S.,  are  only  slightly  flattened;  their  al»  reach  the  centre. 
Mr.  Keeping's  specimens  **  B,**  from  Hunting  Bridge,  are  not  flattened ; 
their  alsB  generally,  bat  not  in  every  case,  reach  the  centre.  Those 
from  Highcliff  (Keeping,  *'D")  are  not  flattened ;  their  alae  reach  the 
centre.  Some  individuals  of  elegans  have  partially  radiate  or 
plicate  surfaces,  due  to  the  lessening  of  the  septal  ribs  and  a  local 
convexity  of  the  alar  part*  of  the  chambers,  probably  the  var. 
plieata,  De  la  Harpe  (see  above,  p.  140). 

For  the  localities  of  Sowerby's  N.  elegans  (or  Prestmchiana)  we 
find  in  the  *  Cat.  Foss.  Foram.  Brit.  Mus.*  1882,  pp.  22-25  (besides 
the  Bed  ''no.  29  "  at  Alum  Bay)  Bracklesham,  F.Edwards  ;  biconvex 
variety,  Bracklesham,  F.  Edwards ;  Barton,  F.  Edwards ;  Barton, 
with  N.  variolarivSf  F.  Edwards ;  Emsworth,  with  N.  variolariui, 

*  In  the  Museum  of  Practical  Geology,  Jermyn  Street.   See  PI.  XI.  flg.  1. 
t  These  were  ground  down  without  their  thickness  haying  been  measured. 
They  probably  ranged  about  i  millim. 
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F.  Edwards;  and  Emsworth,  with  Turbinolia^  F.  Edwards.  Of 
these  some,  if  not  all,  may  have  been  wrongly  localized  (see  above, 
page  136).  Further,  from  Uramshaw,  Brook,  and  Higheliff ;  the  last 
is  thickish  and  associated  with  N.  variolarius ;  all  from  the  late 
Mr.  Fred.  Edwards^s  Collection.  Some  rare,  dredged  oflF  Guernsey, 
as  noted  in  the  Ann.  &  Mag.  N.  H.  April  1876,  p.  283.  We  have 
received  from  the  Rev.  0.  Fisher  and  Mr.  Keeping  some  from  Hunting 
Bridge  and  from  Higheliff,  also  some  in  a  glauconitic  clay  from 
Whitecliff  Bay,  found  by  Mr.  Keeping  in  a  zone  just  below  "  no. 
17"  of  Mr.  Prestwich's  Section*,  and  13  inches  thick.  This  is 
regarded  as  equal  to  a  part  of  "  no.  29,"  Alum  Bay.  The  specimens 
are  both  large  and  small,  compressed,  and  not  pyritous.  I  may 
mention  that  not  only  did  Prof.  Prestwich  give  me  characteristic 
specimens  of  the  Frestwichiantis  and  variolarius  from  their  several 
beds  in  or  about  1852,  but  I  took  a  note  of  the  occurrence  of 
these  and  other  Nummulites  as  then  preserved  in  his  Collection. 

n.  NuMinTLiTEs  VABIOLA.KIUS  (Lamarck).     PL  XI.  figs.  10-14. 

1804.  Lentieulites  variolaria^  Lamarck,  Annales  da  Museum,  vol. 
V.  p.  187,  no.  2. 

1826.  Nummuluria  variolaria^  Sowerby,  Min.  Conch,  vol.  vi. 
p.  76,  pi.  538.  figs.  3  (nos.  12-17). 

1854.  Nummulites  variolaria,  B'Archiao  et  Haime,  Monogr. 
BTumm.  p.  146,  pi.  9.  fig.  13. 

Nummulina  et  Nnmmulites  variolaria,  auctorum  f. 

Small,  smooth,  lenticular,  with  a  rather  sharp  edge ;  the  alar 
extensions  are  numerous  (18-20  visible),  distinct,  long-triangular, 
nearly  all  reaching  the  umbo  on  the  convex  faces  of  the  shell ;  the 
median  chambers  are  usually  about  as  high  as  long;  central 
chamber  rather  large ;  the  whorls  four,  regular,  increasing  slowly. 
Occasionally  the  septal  lines  become  thickened  and  raised,  chiefly  by 
a  lessening  of  the  shell-matter  along  the  alar  intervals;  and  a 
radiately-ribbed  appearance  is  thus  given  to  the  shell.  A  swollen 
oondition  of  the  alar  extensions  also,  in  some  cases,  gives  a  similar 
appearance.  See  'Min.  Conch.'  pi.  638.  fig.  3  (no.  16):  and 
Dixon's  •  Geol.  Sussex,'  pi.  9.  fig.  7. 

The  alar  parts  of  Uie  chambers,  in  passing  to  the  umbo,  often 
vary  from  their  usual  straight  line  to  a  gently  curved,  and  even 
falcate  form,  thus  passing  from  the  "  radiate "  to  the  **  sinuo- 
ladiate"  type  of  Nummulite.  They  rarely  interfere  one  with  another. 
The  umbo  is  always  conspicuous,  and  sometimes  flattened.  The  alnr 
septa  are  often  strong,  but  not  so  thick  as  in  the  yovm^N.planulaius. 
The  latter,  moreover,  soon  loses  its  convexity  between  the  umbo 
and  margin ;  in  its  young  state  it  is  *'  radiate,"  and  in  the  adult 
condition  fully  "  sinuo-radiate."  See  Ann.  &  Mag.  N.  H.  ser.  3, 
voL  viii.  pp.  233,  234. 

*  See  aboTB,  page  138.  "  Na  16  "  oontains  N,  vartolarius  as  a  oharacterifltic 
foml. 

t  Some  remarks  by  Br.  Ph.  De  la  Harpe  on  this  species  ai-e  giyen  in  the 
•BoIL  Soc.  G^l.  France/  air.  3,  vol.  v.  pp.  826,  827  (1879). 
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The  dimensions  of  N,  variolarius  are : — 


Measurements  in 
millimetres. 

1 

Number 
of  whorls. 

Number  of  chambers  in 
the  whorls. 

Diameter. 

Thickness. 

1st. 

2nd. 

3rd. 

4th. 

6th. 

Sowerb/s  figure  (no.  14, ' 
in  *•  fig.  3") 

Stubbington*  

2 

li 

1! 

2 

2i 

i 

i 
i 

i 

4 
4 

4? 

4 

5 

? 

? 

7 

? 

6 

11? 
14 

10 

13 

11 

17 
18 

14 

15 

16 

23 
26? 

? 

20? 

17 

20 

Whitecliff  Bay,  bed  no. 
16  of  Prestwich's  sec-- 
tion  + 

Whitecliff  Bay,  bed  no. 
11  of  Brest wich's  sec- 
tion  

Eng*s-Garden  G-utterJ, 
NewFore8t(O.Fiaher;. ' 

Three  individuals  of  a 
large  variety  from  the 
Barton  Shell-bed 

The  three  last  have  a  large  central  chamber ;  one  has  straight, 
another  oblique,  and  another  curved  alar  divisions. 

In  the  '  Catal.  Foss.  Eoram.  B.  Mus.'  1882,  this  species  is  entered 
as  occurring  (p.  22)  at  Alum  Bay,  in  the  bed  **  no.  29  "  (on  the  autho- 
rity of  Mr.  F.  Edwards).     At  page  23-25  are  the  following : — 

Bracklesham,  Barton,  and  Stubbington,  including  large,  ordinary, 
and  small  forms;  Emsworth  (F.  Edwards),  probably  a  wrong 
locality ;  Bramshaw,  ordinary  and  large  (F*  Edwards)  ;  Higholiff, 
ordinary  and  large  (F.  Edwards).  At  p.  26,  "  a  delicate  variety 
like  jY.  vemsa,"  from  Headon  Hill  (F.  Edwards),  is  mentioned. 
Also  Hunting  Bridge  and  Shepherd's  Gutter  (Bramshaw),  New 
Forest,  0.  Fisher,  Quart.  Joum.  Geol.  Soc.  vol.  xviii.  pp.  79  and  81. 

In  the  Quart.  Journ.  Geol.  Soc.  vol.  xviii.  1862,  the  Rev. 
O.  Fisher  specially  notes  the  occurrence  of  If,  variolarius  in  the 
Bracklesham  series  at  Whitecliff  Bay,  in  his  division  xvii.  (p.  70), 
part  of  Prestwich's  "no.  16,"  Quart.  Joum.  Geol.  Soc.  vol.  ii. 
p.  254  ;  in  xiv.  (p.  71),  part  of  Prestwich's  "  no.  14  ;  "  in  ix.  (p.  72), 
Prestwich's  "  no.  13."  At  Bracklesham  Bay  (p.  74)  in  the  beds 
numbered  22  and  21  and  20.  Ako  (pp.  77-83)  at  Stubbington, 
Hunting  Bridge,  Shepherd's  Gutter,  and  Eing^s-Garden  Gutter. 

According  to  Dr.  De  la  Harpe  the  N.  variolariut  of  the  Barton 
beds  of  Stubbington  and  White-CHff  Bay  is  the  same  as  that  of 

•  Quart.  Joum.  Geol.  Soc.  vol.  xviii.  p.  78. 

t  Mr.  Keeping  also  has  contributed  some  from  this  sone  of  N,  variolanu8t 
which  he  finds  to  be  19  feet  thick. 

I  This  is  the  "  Brook  "  locality  of  F.  Edwards. 
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Belgium,  and  typical.  He  did  not  find  N.  Hd>erti  (having  a  small 
central  chamber)  with  it,  though  accompanying  it  in  Belgium  and 
France. 


in.  NvMHULiiBB  LJCYieATUs  (Bruguierc). 

This  species  has  been  so  well  described  by  D'Archiao  and  other 
authors*  that  its  structure  need  not  be  treated  of  here.  It  is 
well  figured  in  the  <  Min.  Gonch.'  vol.  Ti.  pi.  538.  fig.  1. 

The  range  of  NummuliUg  Icevigatus  in  England  is  limited.  The 
Kev.  0.  Eisher  has  carefully  defined  its  zones  and  localities, 
Quart.  Joum.  Geol.  8oo.  yoI.  rviii.  In  the  Bracklesham  series  at 
WMtediff  Bay  (p.  72)  in  the  bed  VII.  (part  of  Prestwich's 
"no.  12'');  in  VI.  (Prestwich's  "no.  11");  in  I"^.  (Prestwich's 
**  no.  9 '').  At  Braekleaham  Bay  (p.  76)  in  the  beds  6  and  4  ;  and 
at  Bury  Cross,  near  Gosport  (Pilbrow).  At  Alum  Bay  its  zone  was 
indicated  by  Prof.  Prestwich  many  years  ago  as  a  lower  part  of  that 
thick  bed,  no.  29,  which  also  comprises  the  glauconitic  clay  with 
iV.  elegans,  Quart.  Joum.  Geol.  Soc.  vol.  ii.  p.  257 ;  but  this  is  very 
doubtfuL  N,  Icevigatus  has  also  been  found  in  the  Wells  at  Wel- 
lington College  and  Woking  Asylum. 

According  to  Dr.  Ph.  Be  la  Harpe  the  Bracklesham  Nummulites 
comprise  both  N.  Icevigatus  and  N.  Lamarekt,  the  latter  having  a 
large  central  chamber  ;  and  he  thought  that  they  indicate  a  horizon 
•*  at  the  top  of  the  *  Paniselian '  or  at  the  bottom  of  the  *  Brux- 
ellian '  Stage."     Catal.  Foss.  Poram.  Brit.  Mus.  p.  91. 

A  table  of  the  range  of  Nummulites  in  England  is  given  on  the 
next  page. 

*  Dr.  Ph.  Be  1a  Harpe  ('  Num.  Suisse/  1881,  p.  29)  has  noticed  that  in  his 
BTnonjmy  of  this  species  in  the  *  Prodrome/  toI.  ii.  1850,  25^  ^tage,  1302, 
B'Ortngny  has  by  mistake  ffiyen  the  name  of  elegans  instead  of  ksvigaitu  to 
fig.  1.  pi  638^  <Min.  Ck>nch.^ 
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Table  of  the  Bange  of  Nummulites  in  England. 


Numm. 
vcariolarius. 


Numm, 

degana  {Prest- 

toichianus). 


Numm. 
lavigaiuR. 


Numm. 
ptanulaUtsX 


Mum  Bag . 


WhitecliffBay 


BracHeaham  Bag. 

Barton  Cliff  ... 
Highcliff. 

Stubbington  ... 


Sunting    Bridge, 
New  Forest. 

SkephercTa  Gutter^ 
or  Bramshaw. 

Ki^s- Garden 
(tutterf   or 
Brook. 

Bhneworth  


In  bed  "no.  29"? 
F.  Edwards. 


In  Praitwich's  beds 
16,  14,  13.  11: 
x?ii.,  xiv.,  ix.  of 
O.  Fisher's  beds. 


In  O.  Fisher's  beds 
22,20. 


In  part  of  Prest- 
wich's  "no.  29" 
bed.  O.  Fisher's 
bed  10  (p.  84). 

In  bed  just  below 
Prestwich'sHbed 
(Keeping)  t. 


?  (F.  Edwards). 


?  (F.Edwards). 

«  Fisher  and 
Keeping. 


«  Fisher  and 
Keeping. 


In  part  of  Prest- 
wioh*sbed"no. 
29"? 


InPrestwich'sbeds 
12,  11,  9.  In 
O.Fisher's  beds 
YiL,  vi.,  iv. 


In  O.Fisher's  beds 
6,4. 


?  (F.Edwards). 


#  Sowerbj. 


EXPLANATION  OF  PLATE  XI. 

Fig.  1.  Nummulites  el^ana,  Sowerby.  The  largest  indiyidnal  known. 
X  10  diam.  From  Whitecliff  Bay:  collected  bj  Mr.  Keeping 
(Geol.  Mag.  1887,  pp.  70-72).    Museum  of  Practical  G^logj. 

2.  The  same.    Ordinary  example.     X  10  diam. 

8.  The  same.    Vertical  section.     X  10  diam. 

4.  The  same.    Horizontal  section ;  from  a  transparent 
individual  in  Canada  balsam.     X  20  diam.    ! 


From  Bed  no. 
"29,"  Alum 
Bay. 


t  In  Prof.  Prestwioh's  collection  several  years  ago  I  noted  among  his 
specimens  from  WhitecliiF  Bay,  in  bed  16,  variolariua ;  in  bed  IS  or  12,  Usvigaius 
and  yar.  ecabra\  and  in  bed  11,  soabra  and  variolarius.  From  Alum  Bay  only 
N.  eUgane,  from  "  no.  29." 

X  A  small  derived  or  remani^  specimen  J[  N.planuUUus  (near  N.  Boucheri,  De 
la  H.)  has  been  found  in  the  Orag  of  Suffolk ;  see  '  Foraminifera  of  the  Orag,' 
part  i.  PaL  Soa  1866,  p.  74  &c.,  pi.  2.  figs.  61,  52. 
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From  Hunt- 
ing Bridge, 
NewForesL 


Fig.  5.  The  same.    Ordinary  example.     X  10  diam.  *) 

6.  The  same.    Yertioal  section  of  another  indlTidoaL 

X  10  diam. 

7.  The  same.    Bdge  yiew.     X  10  diam. 

8.  The  same.    Horizontal  section.     X  20  diam. 

9.  The  same.    Part  of  horizontal  section.     X  55  diam. 

10.  NwmmuUtes  variolarius  (Lam.).     Large  indiTiduaL'\ 

X  10  diam.    The  dotted  line  around  the  figure  in-  I  From  the  Bar- 
dieates  the  size  of  a  larger  individual.  V     ton     Shell- 

11.  The    same.       Large    indiTidual.        Edge  view.      |      hed. 

X  10  diam.  J 

12.  The  same.    Ordinary  variety.    Horizontal  section,     x  20  diam. 

From  Bed  "  No.  16  "  at  Whitecliff  Bay. 

^^Odiam.    "  "  ^  J      at  Whitecliff  Bay. 

DiBCTTSSION. 

The  PsmDBifT  said  that  the  rectification  of  the  name  of  an  old 
species  was  of  equal  importance  with  the  institution  of  a  new  form, 
and  congratulated  Prof.  Eupert  Jones  on  haying  cleared  up  an 
obscure  question. 

Dr.  WooDWABD  was  glad  that  Prof.  Eupert  Jones  had  found  some 
materials  previously  unrecorded  in  the  Museum  collections.  The 
iramber  of  specimens  exhibited  at  the  new  Museum  was  fortunately 
much  larger  than  formerly  in  Bloomsbury. 

Prof.  Sbblet  spoke  of  the  importance  of  determining  the  forms  of 
Nummnlites,  and  gave  a  sketch  of  their  distribution  in  the  Brjjish 
Eocene  rocks.  He  also  called  attention  to  the  variation  of  the 
different  forms. 

The  AiTTHOB  said  that  the  subject  of  the  passage  between  different 
so-called  species  of  Nummulites  alluded  to  by  Prof.  Seeley  was  very 
interesting.  His  own  view  was  that  all  the  forms  of  Nummulites 
passed  into  each  other,  the  whole  genus  being  in  fact  one  very 
variable  spedes. 
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10.  On  tlie  EcHiNoiDBA  of  the  Cbstacbous  Stbata  of  the  Lower 
Narbada  EEeioN.  By  Prof.  P.  Mabtin  Dttkoaw,  F.R.8.,  F.G.8. 
(Read  January  12,  1887.) 

OwiNO  to  the  kindness  of  H.  B.  Medlicott,  Esq.,  F.R.S.,  Director 
of  the  Geological  Survey  of  India,  I  have  lately  received  a  consider- 
able number  of  specimens  of  Eohinoidea,  which  have  been  obtained 
from  recorded  localities,  from  the  Cretaceous  formation,  in  the 
Lower  Narbadd  valley. 

A  small  collection  of  Echinoidea,  Mollusca,  and  Brachiopoda,  and 
a  coral  are  in  the  Museum  of  this  Society,  and  they  came  from  the 
neighbourhood  of  Bag  on  the  Narbad^,  in  the  same  district  whence 
the  forms  lately  received  were  found.  This  small  collection  was 
described  by  me  in  a  communication  to  this  Society  in  1865, 
another  collection  from  S.E.  Arabia  being  associated  with  it,  and  an 
Upper  Green  sand  horizon  was  given  to  the  strata  containing  the 
species  (Quart.  Journ.  Geol.  Soo.  vol.  xxi.  p.  349).  The  persistence 
of  many  well-known  European  species  into  the  &r  east  was  noticed. 
In  1866  ♦,  Messrs.  Blanford  and  Wynne  surveyed  the  B4g  district, 
and  decided  that  the  succession  of  the  Cretaceous  rocks  was,  from 
below  upwards,  as  follows  : — Sandstone  and  conglomerate,  20  feet ; 
nodular  limestone,  nearly  unfossiliferous,  20  feet ;  argillaceous  lime- 
stone, fossiliferous,  10  feet ;  and  coralline  limestone  (Bryozoan)  10 
to  20  feet.  The  relation  of  these  conformable  beds  to  the  overlying 
Lameta  beds  and  the  Deccan  and  Malwa  Trap  was  noticed. 

The  surveyors  accepted  my  decision  regarding  the  age  of  the  beds 
which  had  yielded  the  fossils,  namely  the  argillaceous  beds  near 
Deola  and  Chirdkhiin.  In  1868  f  a  similar  horizon  was  stated  to 
be  present  in  the  Sinai  area ;  it  was  already  known  in  Algeria ;  and 
later  on,  Fraas  and  Cotteau  discovered  it  in  the  Lebanon. 

The  little  collection  from  B^  became  very  interesting  when 
Stoliczka's  great  work  on  the  Echinodermata  of  the  Cretaceous  rocks 
of  S.  India  was  published ;  for  none  of  the  more  northern  forms  were 
discovered  by  him.  Yet  the  presence  of  the  same  geological  horizon 
in  S.  India  was  placed  beyond  a  doubt.  (Pal.  Ind.  1873,  Cret. 
Fauna,  vol.  iv.  3,  ser.  8,  3.) 

In  1880  the  trigonometrical  survey  having  been  completed,  and  a 
first-class  map  of  the  Lower  Narbad^  valley  having  been  published, 
the  Geological  Survey  of  the  district  was  seriously  entered  upon, 
the  work  of  Blanford  and  Wynne  being  the  basis.  Mr.  Bose  was 
ordered  to  pay  especial  attention  to  die  fossiliferous  strata  and 
the  igneous  rocks.  The  results  of  this  survey  were  published 
in  the  Memoirs  of  the  Geological  Survey  of  India,  vol.  xxi.  pt.  i., 

*  Mem.  Geol.  Surv.  India,  vi., ;  see  also  Blanford,  6^1.  Bombay,  Beoords 
Geol.  Survey  India,  vol.  v.  pt.  3,  1872,  p.  82. 
t  QuarL  Journ.  G^l.  Soc.  vol.  zziii.  p.  38,  and  vol.  xzr.  p.  44  (1869). 
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1884,  by  P.  N.  Bose,  B.Sc.  (Lond.),  P.G.8.  Mr.  Bose  collected 
fossils  in  abundance,  from  tbe  Nodnlar  limestone,  the  Argillaceous 
limestone  or  marl,  and  also  from  the  Coralline  limestone.  He  found 
an  0»^ea-bed  on  the  top  of  the  sandstone  mentioned  by  Blan- 
ford,  and  his  palsBontological  researches  and  stratigraphical  results 
led  him  to  adopt  the  following  views  : — 

The  age  of  the  Sandstone  is  not  settled,  but  the  Ostrea  on  the  top 
he  believes  to  be  0.  Ley^nerii,  d'Orb. ;  it  is  Neocomian  in  Europe. 
The  Nodular  limestone  rests  conformably  upon  the  Ogtrea-hed  and  the 
Sandstone,  and  some  of  tbe  same  OstrecB  are  found  in  diminishing 
nnmbeiB  in  it.  The  Nodular  strata  Mr.  Bose  assigns  to  the  Gault  in 
one  part  of  his  work,  and  to  the  Albian  and  part  of  the  Cenomanian 
in  another.  The  Argillaceous  limestone  rests  conformably  upon  the 
Nodular  series,  and  contains  the  species  formerly  described  in  Quart. 
Joum.  Geol.  Soc.  1866,  which  were  collected  by  Captain  Keatinge. 
To  this  horizon  Mr.  Bose  gives  the  correct  names  of  Cenomanian 
with  part  Turonian.  The  Coralline  limestone  rests  upon  the  Argil- 
laceous limestone  conformably,  and  after  an  examination  of  its 
fauna,  Mr.  Bose  decides  that  it  is  Senonian  in  age.  Mr.  Bose,  I 
regret  to  state,  writes  about  the  determinations  of  the  species  having 
been  made  by  him  "  roughly ; "  and  it  became  evident,  after  studying 
his  memoir,  that  there  were  not  sufficient  grounds  for  believing  that 
the  whole  Cretaceous  formation  was  represented  in  about  80  feet 
of  conformable  strata,  the  whole  of  the  series  from  the  Gault  or 
Albian,  to  the  Senonian  inclusive,  following  conformably  upon  a 
Neocomian. 

As  Mr.  Bose  recognized  some  of  the  Echinoidea  I  had  noticed, 
and  as  there  was  a  good  collection  made  from  all  the  horizons,  ex- 
cept the  so-called  Neocomian,  1  applied  to  Mr.  Medlicott  for  the  loan 
of  the  Echinoidea,  with  a  view  of  describing  them  in  the  Records  of 
the  Geological  Survey  of  India.  Mr.  Medlicott  sent  me  the  collection, 
as  also  one  made  by  Mr.  Blanford  many  years  before,  and  that 
of  Captain  Keatinge,  which  had  been  placed  in  the  Museum  at 
Calcutta.  The  fossils  in  the  Museum  at  Calcutta  which  had  been 
collected  many  years  ago  by  Captain  Keatinge,  came  from  the 
Argillaceous  limestone  or  marl,  and  therefore  were  from  the  same 
strata  as  those  which  had  been  studied  by  me  in  1865.  Unfortunately 
this  little  group  of  well-preserved  specimens  was  not  studied  by  the 
last  surveyor  of  the  Cretaceous  rocks,  nor  does  it  appear  that  he 
made  himself  acquainted  with  the  forms  which  had  been  collected 
by  Mr.  Blanford.  But  Mr.  Bose  found  some  species  in  the  collection 
which  he  made,  and  which  1  had  not  seen  in  the  marl.  In  order  to 
arrive  at  the  truth  with  regard  to  the  Echinoidea,  1  re-examined 
the  collection  in  the  Museum  of  this  Society,  and  found  that  only 
one  species  required  further  consideration.  It  appeared  to  me  that 
although  the  general  shape  of  the  Echinohrissus  warranted  the 
specific  name  I  had  given  it,  the  details  of  the  ambulacra  were 
insufficiently  seen.  Iliese  detaOs  are  well  shown  on  a  specimen 
which  Mr.  Bose  obtained  from  the  same  horizon,  and  there  is  no 
difficulty  in  recognizing  the  petaloid  condition  of  the  postero- lateral 
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ambnlacra  which  characterizes  Cotteau's  Echinohrisgus  Chyheti  from 
the  Cenomanian  of  the  Lebanon. 

I  do  not  propose  to  alter  the  determinations  of  any  of  the  other 
species  of  Echinoidea  and  Mollusca.  The  late  Mr.  Davidson  was 
good  enough  to  determine  the  Brachiopod  to  be  Ehynchonella  depressa. 
Sow.,  and  this  common  Upper-Greensand  species  was  found  accom- 
panied by  a  coral,  Thamnastrcea  decipiens,  Mich.,  from  the  same 
horizon.  The  commonest  species  in  the  collection  in  our  Museum 
is  Hemiaster  cenomanensis,  Cott.,  and  the  only  apparent  distinction 
between  the  type  from  the  Erench  Cenomanian  and  the  forms  from 
the  Bdg  beds  is  that  the  posterior  ambulacra  in  the  specimens  from 
India  are  not  quite  so  broaid  as  the  others.  All  the  specific  characters 
are  present.  Hemiaster  similis,  d'Orb.,  is  not  uncommon,  and  two 
specimens  are  in  our  small  collection.  The  identity  of  the  Erench 
and  Indian  species  struck  me  very  forcibly,  and  the  species  is  really 
a  very  distinguishable  one.  Hence  the  former  determinations  hold 
good  except  in  one  instance,  and  the  necessary  alteration  strengthens 
the  view  of  the  Upper-Greensand  horizon  of  the  beds  which  yielded 
the  fossils,  or  rather,  as  I  put  it,  of  the  existence  at  Bdg  of  a  horizon 
from  the  top  of  the  Gault  to  the  base  of  the  Chalk  with  flints. 

The  collection  from  the  Museum  at  Calcutta  was  then  investigated. 

The  first  fossil  examined  was  an  exquisite  SdUnia,  belonging 
to  the  group  with  very  narrow  ambulacra,  and  which  has  the  two 
vertical  rows  of  ambulacral  primary  tubercles  so  closely  placed 
that  there  is  no  room  for  more  than  an  occasional  granule  between 
them,  in  fact  to  the  "  petalifera  "  or  "  scutigera  "  group.  The  apical 
disk  of  the  Indian  form  is  ornamented  with  ridges  and  furrows 
in  the  usual  radiating  manner.  But  the  species  is  not  a  new  one, 
for  it  was  recognized  and  described  by  the  industrious  and  exact 
M.  Cotteau  in  the  collection  obtained  by  Eraas  in  the  Lebanon. 
Cotteau  called  it  Salenia  Fraasi,  and  it  was  found,  in  the  first 
instance,  in  the  Cenomanian  deposits  of  the  Lebanon.  (<  Ech.  nouv. 
on  pen  connus,'  2®  ser.  fasc.  4, 1886,  p.  59,  pi.  8.  figs.  1-5.) 

There  are  numerous  specimens  of  a  Oyphosoma  in  the  collection, 
and  they  are  readily  to  be  identified  with  the  well-characterized 
Cyphosonia  ceno^nanemns,  Cotteau,  from  the  Erench  Cenomanian. 

The  other  specimens  are  Hemiaster  cenanianensis  and  similia. 

Mr.  Blanford's  collection  was  from  the  marl  near  Dussai,  15 
miles  west  of  Mandoo,  and  many  specimens  came  from  the  Coralline 
limestone  at  Chirdkhdn. 

The  specimens  which  could  be  named  belonged  to  Hemiaster 
cenomanensis  and  H,  similis.  Hence  Mr.  Blanford  has  given  us  the 
evidence  that  there  is  a  community  of  species  between  the  marl  and 
the  overlying  and  conformable  Coralline  limestone. 

Mr.  Bose's  collection  from  the  marl  was  next  examined.  The 
two  Hemiasters  were  found  and  also  the  Cyphosoma  already  men- 
tioned. The  Echinobrissus  is  named,  according  to  Mr.  Bose,  on  my 
authority,  but  I  did  not  see  it  until  a  few  weeks  ago.  Mr.  Bose, 
however,  gave  me  the  opportunity,  when  I  examined  his  specimen, 
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of  oorreoting  my  former  determination ;  and  the  species  is  Echina* 
brissus  Ooybetiy  Cott.,  from  the  Genomanian  of  the  Lebanon.  Several 
Mrly  well-preserved  parts  of  a  Cidaris  were  collected  by  Mr.  Bose, 
and  one  or  two  belonging  to  the  same  species  had  been  collected  by 
Captain  Keatinge  and  placed  in  the  Calcutta  Museam.  These 
Mr.  Bose  considers  to  belong  to  Cidaris  cenomanensisy  Cotteau ;  but 
there  are  well-marked  specific  distinctions  present,  although  the 
narrow  ambulacra  have  four  rows  of  interporiferous  granules  and 
the  median  suture  is  sunken  in  the  interradia.  The  excessive  size 
and  irregularity  of  the  warty  granules  beyond  the  scrobicular 
circles,  and  the  proximity  and  large  secondaries  of  these  last- 
mentioned  structures,  are  sufficient  to  separate  the  species,  and, 
moreover,  the  Indian  form  is  a  large  one.  Mr.  Bose  was  quite 
right  in  placing  the  form  near  to  (7.  cenomanensis.  It  has  been 
necessary  to  establish  a  new  species  for  the  form  Cidaris  nama" 
dicus^  nob.* 

An  Orthopsis  was  found  and  recognized  by  Mr.  Bose,  and  he  appears 
to  consider  that  it  is  0.  similis^  StoL,  described  from  the  Arrialur 
strata  of  S.  India.  But  there  are  specific  differences;  the  Bag 
form  has  two  of  the  radial  plates  not  entering  the  periproctal  ring, 
and  the  numerous  rows  of  primaries  do  not  extend  so  far  up  above 
the  ambitus  as  in  Stoliczka  s  species.  The  other  supposed  specimens 
of  Orthopsis  collected  by  Mr.  Bose  belong  to  the  genus  Cyphosoma, 

It  wiU  have  been  observed  that  the  Argillaceous  limestone  has 
a  very  interesting  fauna,  and  it  appears  that  NucleoliUs  similis  also 
occurs  as  a  variety,  and  this  species  of  d'Orbigny  brings  the  beds  into 
relation  with  the  Chloritic  Marl  of  Europe. 

The  Echihoidea  of  the  underlying  !Nodular  limestone  were  next 
examined,  and  only  two  species  could  be  identified  from  Mr.  Bose'a 
collection,  and  they  are  common.  They  are  the  two  Hemiasters, 
ff.  c^nomanensis  and  H,  similis,  the  commonest  forms  in  the  con- 
formable marl  above.  There  are  no  Gault  or  Albian  species  present, 
and  there  are  no  stratigraphical  data  which  will  permit  of  the 
division  of  the  few  feet  of  beds  into  a  Gault  or  Albian  and  a 
Cenomanian. 

The  Coralline  limestone,  which  is  above  and  conformable  to  the 
Argillaceous  limestone,  contains  the  following  species: — Cidaris 
nanvadicus^  nob.,  which  also  occurs  in  the  Argillaceous  beds  below ; 
Cyphosoma  cenomanense,  which  has  a  similar  vertical  distribution ; 
IfucUolites  similiSf  var.,  Hemiaster  eenomanensis,  and  H.  senilis :  all 
these  are  met  with  in  the  limestone  below,  and  the  two  Hemiasters 
are  also  found  in  the  Nodular  limestone. 

Messrs.  Blanford  and  Wynne,  and  also  Messrs.  Medlicott  and 
Blanford,  in  the  *  Geology  of  India,'  considered  that  the  Nodular 
limestones,  the  marl,  and  the  Coralline  limestones  belonged  to  a  con- 
formable group,  with  a  fauna  indicating  one  Cretaceous  horizon,  and 
the  examination  of  the  collections  of  Echinoidea  proves  that  these 
views  are  correct. 

The  age  of  the  Ostrea^hod  at  the  base  of  the  Nodular  limestone 
*  About  to  be  deMiibed  in  the  Becwrds  of  the  Qeol.  Survey  of  India. 
aJ.G.8.  No.  170.  K 
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is  not  considered  in  this  communication ;  for  thespecimenfi  have  not 
been  examined  in  Enrope. 

The  following  is  a  list  of  the  species  of  Echinoidea  found  in  the 
Cretaceous  series  of  the  Lower  Narbadfl  Valley : — 


Name. 

Nodular 
Lime- 
stone. 

Marl. 

Ooral- 
line. 

Foreign. 

Oidaris  namadicus,  tp.  noT 

Salenia  Fraad,  Cott. 

« 

Oenomanian. 

Franoe, 
Oenomanian. 

Oyphofiama  oenomanenBe,  Cott, 

Orthopds  indiouB,  Bp.  no? 

Echinobriasus  Oojbeti,  Coti.  ... 

Nudeolites  similiB,  cPOrb.,  var. 

Hemiaster  oenomanenos,  Cott. 

TTATniAfltAi*  aimiliiL  /TOrb 

Lebanon, 
Oenomanian. 
Europe,  Oh. 

France, 
Oenomanian. 

France, 
Oenomanian. 

BiSOVSSION. 

Prof.  AoABSiz  complimented  Dr.  Duncan  on  the  work  he  had 
done  on  Echinoderms  for  the  Geological  Survey  of  India. 

Mr.  Sladeit  considered  it  was  undesirable  that  palaeontological 
work  should  be  criticized  by  any  one  who  had  not  studied  the  actual 
materials  upon  which  it  was  based.  From  his  personal  acquaint- 
ance with  Dr.  Duncan's  extensive  knowledge  of  the  Echinoidea,  he 
had  full  confidence  in  accepting  the  important  deductions  which  the 
Author  had  laid  before  the  Society. 

Dr.  Blahfobd  explained  the  circumstances  under  which  the 
hurried  survey  made  by  Mr. Wynne  and  himself  was  carried  on  around 
Bag  in  the  month  of  May,  the  hottest  season  of  the  year ;  it  was 
consequently  not  surprising  that  some  of  the  conclusions  had  to  be 
modified.  On  the  other  hand,  he  had  already  suspected  that  the 
palaeontological  evidence  adduced  by  Mr.  Bose  in  favour  of  referring 
the  three  limestone  beds  and  the  underlying  sandstone  to  four  dis- 
tinct stages  of  the  Cretaceous  system  was  insufficient,  and  he  was 
not  surprised  to  learn  that  Prof.  Duncan  had  found  Mr.  Bose's 
views  to  be  untenable. 

The  most  interesting  point  was  the  additional  evidence  of  the 
great  difference  between  the  fauna  of  BAg  on  the  one  hand,  and  that 
of  Trichinopoly  of  the  same  age  on  the  other,  the  former  beiog  Euro- 
pean, the  latter  containing  a  small  percentage  only  of  European  forms. 
This  supported  the  view  already  uiged  by  the  speaker  diat  in  Cre- 
taceous times  a  land-barrier  extended  from  India  to  South  Africa. 

Mt.Weztaxeb  said  that  in  west  Norfolk  the  whole  of  the  beds  from 
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Lower  Oreemiand  and  Middle  to  Upper  Chalk  were  fco  bo  fonnd  within 
80  feet  of  vertical  distance. 

Dr.  DmrcAir,  in  reply,  said  that  the  statement  in  the  Memoir  of  the 
Geological  Snnrey  of  India  was,  that  the  series  from  the  Lower  Green- 
sand  to  the  Upper  Chalk  indusiye  was  comprehended  in  80  feet. 
In  the  English  example  there  is  a  great  difference  between  the  fossils 
of  the  various  strata ;  this  is  not  the  case  in  the  Bdg  beds. 


./ 


H2 
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11,  On  certain  Ddtosaubian  Ysbtebba  ^rom  the  Cbbiaceottb  of  India 
and  the  Ible  of  Wight.  By  R.  Lydskkeb^  Esq.,  B.A.,  F.G.S.9 
&c     (Read  January  12,  1887.) 

Lr  the  year  1877  I  published  *  a  preliminary  description  of  certain 
Dinosaurian  remains  obtained  from  the  Lameta  group  of  the 
Jabalpur  district  of  India,  to  which  I  applied  the  name  of  Titano- 
saurus  indicus.  The  Lameta  beds,  it  may  be  observed,  have  been 
usually  referred  to  the  Middle  Cretaceous  (Upper  Greensand),  but 
later  observations  indicate  that  they  may  be  of  somewhat  newer  age. 
The  remains  on  which  the  genus  was  founded  are  preserved  in  the 
Indian  Museum,  Calcutta,  and  comprise  an  imperfect  femur,  and  a 
considerable  number  of  late  caudal  vertebrse,  together  with  one 
imperfect  vertebral  centrum  from  an  earlier  part  of  the  series.  In 
a  later  memoir  1 1  gave  figures  of  some  of  the  more  important  of 
these  specimens,  and  came  to  the  conclusion  that  the  vertebrae  in- 
dicated two  species,  for  the  second  of  which  I  proposed  the  name  of 
T.  Blanfordi,  adding  the  proviso  that  this  form  might  eventually 
turn  out  to  be  generically  distinct  from  T,  indicus. 

Both  these  types  of  late  caudal  vertebrse  are  characterized  by 
their  strongly  proocslous  centra,  to  the  anterior  half  of  which  the 
anchylosed  neural  arch  is  confined ;  and  in  the  one  perfect  specimen 
of  T.  indicus  the  arch  carries  two  well-marked  processes,  one  of 
which  is  directed  anteriorly  and  the  other  iwsteriorly.  The  pre- 
axial  process  is  bifurcated  anteriorly,  and  bears  a  pair  of  prezy- 
gapophysial  facets  ;  while  the  hinder  one,  which  (judging  from  the 
caudal  vertebra  of  the  Sperm-Whale  and  of  certain  other  Dinosaurs) 
I  think  includes  the  representative  of  the  neural  spine  t,  is  single, 
and  carries  the  postzygapophyses.  In  T.  indicus  the  haemal  aspect 
of  the  bone  presents  two  pairs  of  V-shaped  ridges,  on  the  extremities 
of  each  of  which  are  a  pair  of  well-defined  facets  for  the  attach- 
ment of  chevron-bones,  which  look  directly  downwards ;  while  the 
centrum  is  relatively  short,  with  its  haemal  surface  placed  nearly 
at  right  angles  to  the  lateral  surfaces  and  characterized  by  its 
extreme  lateral  compression.  In  the  form  to  which  the  name  T. 
Blanfordi  has  been  applied  the  centrum  is  larger  and  subcylindrical, 
and  the  haemal  and  lateral  surfaces  are  not  distinctly  differentiated 
from  one  another,  the  ridges  on  the  former  surface  are  not  present, 
and  the  facets  for  chevron-bones  are  either  very  indistinct  or  totally 
wanting. 

These  two  t}'pe8  of  vertebrae  appeared  to  me  to  come  nearest  to 
those  of  Cetiosaurus  and  the  so-called  Fehrosaurus  of  the  English 

*  Bee.  Qool.  Surv.  Ind.  vol.  z.  p.  38  (1877).  One  of  the  Bpecimens  had  been 
previously  described  and  figured  (without  name)  in  Falconer's  'Palsoontologieal 
MemoirB,  vol.  i.  p.  418,  pi.  xzxiv.  figs.  3-5. 

t  '  PalsBontologia  Indica '  (Mem.  Geol.  Surv.  Ind.),  ser.  4,  toI.  i.  pt.  3,  p.  20. 
plfl.  iv.  &  v.  (1879). 

I  Many  writers  adopt  a  different  view  in  describing  analogous  specimens. 
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Wealden,  in  which  the  centra  are  amphicoelous ;  and  also  to  those 
of  the  much  smaller  Maerwrotawrus  *  from  the  Cambridge  Greensand, 
in  which  there  is  a  slight  procoelous  character  in  some  parts  of  the 
series,  and  distinct  facets  for  chevron-bones  are  wanting.  Their 
extreme  procoelons  character  seemed,  however,  so  peculiar  that  at  a 
later  date  1 1  thought  myself  justified  in  assigning  Titanomurus  to 
a  new  family  of  the  Sauropoda. 

Thus  the  matter  stood  till  some  few  months  ago,  when  Mr.  W. 
Daviee,  of  the  British  Museum,  directed  my  attention  to  two 
Tertebral  centra  in  the  Collection  under  his  charge,  which  had  been 
obtained  by  the  late  Mr.  Fox  from  the  Wealden  clay  of  Brook 
in  the  Isle  of  Wight.  These  centra,  as  Mr.  Davies  pointed  out  to 
me,  agree  in  general  characters  with  those  of  TitaiMBaurus^  and 
almost  certainly  belonged  to  a  closely  allied  form.  The  least  imper- 
fect of  the  two  specimens,  which  is  figured  (with  the  neural  arch 
restored)  in  the  accompanying  woodcut,  comprises  the  whole  of  the 


Oandal  vertebra  of  a  Dinosaur,  with  the  nearal  arch  restored ;  firom  the 
WeeJden  of  Brook,  Isle  of  Wight,  f  nat.  sise.  BritiBh  MoBeam  (No. 
B.151). 

oeatmm  and  the  base  of  the  anchylosed  neural  arch.  The  two 
extremities  are  somewhat  rolled  and  water-worn,  and  have  thereby 
lost  somewhat  of  their  original  roundness ;  but  in  general  contour, 
as  well  as  in  size,  in  the  form  of  the  articular  surfaces,  in  the  position 
of  the  base  of  the  neural  arch,  and  the  apparent  absence  of  distinct 
facets  for  chevron-bones,  this  specimen  agrees  very  closely  with  the 
centrum  of  Titanosauras  Blanfordi  represented  in  pi.  v.  fig.  3  of 
the  memoir  in  the  ^  Falax)ntologica  Indica '  which  has  been  fdready 

*  Seeley.  Quart.  Joum.  GeoL  Soc  vol.  xxzii.  p.  440  (1876). 
PalflBontologia  Indica,  ser.  4,  vol.  i.     Introductory  Obeervations,  p.  y 
(1885). 
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quoted.  The  eentmin  is,  howeyer,  more  compressed  in  the  English 
specimen,  while  the  haemal  and  lateral  surfaces  are  distinctly 
differentiated  from  one  another,  and  the  former  surface  carries  a 
pair  of  V-shaped  ridges  resembling  those  of  T,  indicus.  The 
specimen  is  in  fact  very  nearly  intermediate  in  character  between 
the  figured  vertebrae  of  T,  Blanfordi  and  jP.  indicus.  The  abrasion 
of  the  rim  of  the  articular  cup  shows  that  the  internal  structure 
of  the  bone  is  coarsely  cancellous.  The  second  specimen  (No.  E. 
146  a)  comprises  the  anterior  half  of  the  centrum  of  a  slightly 
smaller  vertebra,  and  has  been  but  little  rolled.  This  specimen 
shows  on  the  ventral  aspect  the  well-marked  Y-shaped  ridges  so 
well  displayed  in  the  type  specimen  of  T.  indicua  *,  but  lacks  the 
distinct  chevron-facets  of  that  form. 

We  may  then,  1  think,  consider  it  moat  probable  that  the 
English  specimens  indicate  the  occurrence  in  the  Wealden  of  a 
Dinosaur  closely  allied  to  Titanosaurus;  and  it  now  remains  to 
consider  whether,  in  the  first  place,  they  can  be  referred  to  any 
genus  already  described  from  those  beds,  and,  in  the  second  place, 
whether  or  not  they  should  be  regarded  as  generically  identical  with 
one  or  both  of  the  Indian  forms  provisionally  included  in  the  above- 
mentioned  genus. 

With  regard  to  the  first  question,  among  the  large  Dinosaurs  of 
the  Wealden  the  caudal  vertebrae  of  Iguanodon  and  its  allies  are  of 
a  totally  dififorent  type  from  the  present  specimens ;  while  equally 
different  are  those  of  Ceiiosaurus  (with  which  may  be  grouped  the 
so-called  Pehrosaurus),  aa  well  as  those  of  Megalosaurw^  in  both  of 
which  genera  the  centra  have  either  flattened  or  slightly  hollowed 
articular  surfaces.  Turning,  however,  to  the  gigantic  OmithopsiSf 
we  find  that  the  caudal  vertebrae  have  not  been  hitherto  known  f, 
and  there  is  accordingly  a  strong  prvmd  fade  presumption  that 
the  specimens  under  consideration  may  belong  to  that  genus. 
The  nearest  allies  to  Omiihopsis  are  certain  North-American 
Dinosaurs  included  in  Marsh's  Sauropoda  {,  such  as  Brontosaurus, 
Morosaurug,  Camarasaums,  Amphiccdias^  &c. ;  in  these,  while  the 
precaudal  vertebrae  have  cavities  in  the  centrum  like  those  of  Omi-- 
*  thopsisy  those  of  the  caudal  region  are  solid.  Apparently  in  all  the 
American  &rms  the  centra  of  the  caudal  vertebrae  are  amphicoelous, 
while  those  of  the  cervical  region  are  opisthocoelous ;  since,  how- 
ever, in  some  genera,  such  as  OamaretsaunAS  §,  the  dorsal  vertebrae 
are  opisthocoelous,  like  those  of  Omiikopgis,  while  in  others,  like 
Amphiccsliat  ||,  they  are  amphicoelous,  there  is  apparently  no 
reason  why  similar  variations  should  not  also  occur  in  the  caudal 
region  of  other  members  of  the  group.    In  Brontosaunu,  where 

*  Pal«ontologia  Indioa,  aer.  4,  vol.  i.  pt.  3,  pL  iv.  fig.  1. 

t  See  Hulke,  Quart.  Journ.  G^l.  Soc.  yoI.  xxxri.  p.  36.  There  apparently  is 
no  reason  why  the  amphiocBlian  vertebrce  there  mentioned  Bboulct  not  belong 
to  Cetiosauirus,  since  tnev  &fnree  olosely  with  the  specimens  from  the  Qreat 
Oolite  figured  in  Phillips^s  *  Geology  of  Oxford.* 

t  See  Marsh,  'Amer.  Joum.'  v<3l  xxiii.  p.  83  (1882),  and  vol.  xxvii  p.  167 

§  Ptoc.  Amer.  PhiL  Soc.,  Deo.  21,  1877,  p.  237.  ||  Ibid.  p.  243. 
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the  doiBal  vertebne  are  amphicoelonBy  Professor  Marsh's*  figare 
and  descriptioii  show  that  the  hinder  candals  have  neural  arches 
of  the  precise  type  of  those  of  Titanosaums,  while  the  form  of 
the  middle  part  of  their  centra  is  apparently  very  similar  to 
that  of  the  specimens  under  consideration.  In  Camarasaurus^ 
again,  the  centra  are  laterally  compressed  as  in  Titanosaurus 
indieus^  although  the  facets  for  the  cheyrons  are  less  strongly 
marked.  CamarasaurM  and  Amphiecdias^  it  may  be  observed,  are 
of  Cretaceous,  while  Brontomurus  is  of  Jurassic  age.  The  suborder 
Sauropoda  is  taken  to  include  Cetiosaurus,  which,  although  none 
of  the  yertebral  centra  are  hoUowed,  is  evidently  allied  to  Omi- 
^lopsU ;  while  it  is  probable,  judging  from  the  structure  of  the 
caudal  vertebred,  that  Macrurosaurtts  should  also  be  placed  in  the 
same  division.  There  appears  therefore  to  be  at  least  a  consider- 
able degree  of  probability  that  the  Wealden  vertebrsB  may  belong 
to  Omithopsia;  and  if  they  do  not  it  is  pretty  certain  that  they  do 
not  belong  to  any  other  previously  known  English  genus. 

With  regard  to  the  second  question — i.  e.  whether  these  vertebree, 
which  may  be  provisionally  referred  to  Omithopsis,  are  generically 
identical  with  one  or  both  of  the  two  forms  described  under  the 
name  of  Titanosaurus — there  is  far  less  possibility  of  arriving  at 
present  at  any  very  satisfactory  conclusion.  It  wiU,  however, 
be  safe  to  say  that  if  the  characters  which  distinguish  the  vertebrsB 
of  Titanosawrus  indkus  from  those  of  T.  Blanfordi  eventually 
prove  to  be  of  not  more  then  specific  value,  then  the  English 
vertebrte  might  well  be  also  generically  identical,  in  which  case 
Titanosaurus  should  be  merged  in  Omithopsis.  If,  however,  on  the 
other  hand,  the  vertebne  described  under  the  name  of  T,  Blanfordi 
should  turn  out  (as  it  is  highly  likely  that  they  will)  to  be 
generically  distinct  from  T.  indicus,  then  there  would  also  be  very 
considerable  probability  that  the  Wealden  specimens  are  likewise 
generically  distinct  from  both  the  Indian  forms,  although  their 
relationship  appears  nearest  to  the  form  called  T.  Blanfordi. 

Under  these  difficult  circumstances  the  only  prudent  course  is  to 
consider  that  we  have  evidence  in  India  and  Europe  of  three  appa- 
rently closely  allied  Dinosaurs  clearly  marked  off  from  all  other 
described  forms  by  their  strongly  procoelous  later  caudal  vertebrae, 
and  for  the  present  to  retain  the  generic  name  Titanosaurus  for  the 
type  Indian  species,  to  refer  the  Wealden  form  provisionally  to 
OmiGiopsis,  and  to  leave  it  open  whether  the  form  to  which  the 
name  Titanosaurus  Blanfordi  has  been  applied  is  generically  iden- 
tical with  one  or  other  or  even  both  of  ijiese  forms,  or  whether  it 
should  form  the  type  of  a  third  genus  f. 

In  conclusion,  it  may  be  observed  that  the  occurrence  in  the 

*  Amer-  Jonm.  vol.  xxvi.  pL  i.  (1883),  and  voL  m.  p.  420  (1881). 

t  In  my  description  of  TUanosaurua  1  mentioned  a  larger  vertebral  centrum 
which  I  regarded  as  precaudal  and  procoelous.  Since,  however,  similar  yertebne, 
which  are  opisthoccelous,  occur  at  Brook,  the  two  types  may  respectively 
belong  to  the  early  caudal  region  of  the  Indian  and  European  Dinosaurs, 
AB  the  Orooodilia  and  Macrurosaurus  show  that  the  form  of  the  articular  surfEioes 
of  the  centra  may  vary  in  different  parts  of  the  caudal  region. 
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higher  Cretaceous  of  India  of  two  species  of  Dinosaurs  apparently 
closely  allied  to  one  from  the  lowest  Cretaceous  of  Europe  seems  to 
be  another  ioBtance  of  the  survival  in  India  of  allied  or  identical 
generic  types  to  a  date  after  they  had  disappeared  from  Europe. 
A  somewhat  similar  instance  is  afforded  by  the  occurrence  of  Mega- 
losaurus  in  the  Arridlur  group  (white  chalk)  of  Trichinopoly  in 
Southern  India  * — ^that  genus  being  mainly  characteristic  of  the 
Wealden  and  Stx)ne8field  Slate,  although  lingering  on  to  the 
Maestricht  beds  t — and  also  by  the  oftHjuoted  Siwafik  fauna.  I 
may  also  observe  that  if  the  Wealden  vertebraB  really  belong  to 
OmitJiopsiSf  then  we  shall  have  good  evidence  of  the  distinctness 
of  that  genus  from  the  North-American  Gamarasaurvcs,  with  which 
it  has  been  identified  by  some  writers — a  distinction  which  might, 
I  think,  justify  the  reference  of  the  English  genus,  together  with 
Titano8auru8^  to  a  separate  family,  the  OmithopsidsB. 

Finally,  I  may  express  a  hope  that  the  Officers  of  the  Geological 
Survey  of  India  will  direct  their  attention  to  the  acquisition,  from 
the  Lametas  of  Pisdura,  of  other  remains  of  Dinosaurs  which  may 
include  vertebrae  of  the  precaudal  region,  and  thus  indicate  the  true 
relationship  of  Tita^iosaurus  to  Omiihqpsis, 

Discussion. 

Prof.  Seelbt  regretted  the  absence  of  the  Author.  The  vertebra 
on  which  Tttanomuruut  was  founded  had  long  been  known  in  Eng- 
land, but  was  considered  insufficient  to  enable  the  relations  of  the 
animal  to  be  determined.  The  femur  had  not  been  figured.  The 
characters  of  the  vertebrae  were  insufficient  to  show  that  there  was 
any  affinity  to  Cetiosaurus,  and  Pelorosauras  was  only  a  species  of 
Cetiosaurus,  The  speaker  considered  that  the  vertebrae  from  the 
Isle  of  Wight  were  also  insufficient  for  identification.  The  facets 
supposed  to  be  those  for  the  attachment  of  chevron-bones  looked  for- 
ward and  outward,  so  that  it  was  very  questionable  whether  they 
were  facets  at  all. 

The  affiliation  to  Omiihopsis  rested  on  insufficient  evidence.  There 
was  more  similarity  with  Macrurosaurus,  but  the  centrum  in  that 
genus  is  cylindrical.  Although  a  large  portion  of  the  caudal  region 
of  the  vertebral  column  of  Macrurosaurus  was  known,  its  affinities 
were  very  doubtful. 

Mr.  HuLKE  concurred  with  the  Author  in  thinking  that  the  close 
similarity  of  the  Indian  and  the  Me-of-Wight  vertebrae  warranted 
the  assumption  of  a  generic,  if  not  specific  identity.  He  had  never 
(nor,  he  believed,  had  Mr.  Fox)  found  these  vertebrae  iu  the 
beds  hitherto  yielding  the  remains  of  OmiiJiopsis,  and  he  was  in- 
clined to  regard  their  reference  to  this  Dinosaur  only  as  provisional, 
the  view  taken,  he  understood,  by  the  Author. 

*  PalseontologiA  Indica,  ser.  4,  vol.  i.  pt.  f^,  p.  26. 

t  Vide  Seeley,  Quart.  Joum.  Gepl,  Soc.  vol.  xxxix.  p.  246  (1883). 
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12,  On  a  MoLAB  of  a  Pltooene  Type  of  Equub  from  Nitbia.  By 
B.  Lydekker,  Esq.,  B.A.,  F.G.S.,  &o.  (Read  December  15, 
1886.) 

A  SKALL  collection  of  mammalian  remains,  obtained  daring  the 
late  Sondan  expedition  by  Brigade-Surgeon  Archer  at  Wadi  Haifa 
and  other  places  in  Nubia,  has  been  submitted  to  my  notice  by  Dr. 
Woodward.  Many  of  the  specimens  are  evidently  of  comparatively 
recent  origin ;  but  those  from  Wadi  Haifa  are  in  much  the  same 
mineral  condition  as  the  bones  from  the  Upper  Pliocene  of  the 
Val  d'Amo  in  Tuscany,  or  the  Lower  Pleistocene  of  the  Narbada 
valley  in  India.  Among  these  remains  are  several  specimens 
belonging  to  a  large  species  of  Boa  or  allied  genus,  which  do  not 
admit  of  any  attempt  at  specific  determination ;  but  they  also  com* 
piise  an  upper  molar  of  an  Equus,  which  is  of  very  considerable 
interest. 

It  may  be  well  to  recaU  that  so  long  ago  as  1865  the  late  Dr. 
Falconer  described,  in  the  Society's  Journal*,  part  of  the  left 
maxilla  of  a  Hippopotamus  obtained  from  fluviaiile  beds  at  KaMbshi 
(Xalibshee  or  Ealdbsheh),  a  village  situated  on  the  Nile  a  short 
distance  above  the  first  cataract  at  Assouan,  and  about  150  miles 
north  of  Wadi  Haifa,  which  is  at  the  second,  or  great  cataract. 
Dr.  Falconer  referred  his  specimen,  which  he  observed  was  in  the 
same  state  of  mineralization  as  the  Yal  d'Amo  fossils,  to  the  existing 
ff,  amphihius^  although  remarking  that  it  agreed  in  size  with  the 
teeth  of  the  Pliocene  Val  d'Arno  form,  which  at  that  time  was 
r^arded  as  specifically  distinct. 

The  specimen  forming  the  subject  of  the  present  communication 
(figured  from  the  crown -surface  in  the  accompanying  woodcut) 


Eguui,  sp.    A  right  upper  cheek-tooth  (?  w.l),  from  the  Upper  Tertiarjr  of  the 
Nile  Talley  at  Waoi  Haifa.    \,    e  anterior,  and /posterior  inner  pillar. 

consists  of  a  right  upper  cheek-tooth,  which,  from  its  comparatively 
small  size,  is  probably  the  first  or  second  of  the  true  molar  series, 

*  Quart  Joura.  Geol.  Soc.  voL  xxi.  p.  373.  See  also  the  writer's  '  Catalogue 
of  the  Fossil  Mammalia  in  the  British  Museum/  part  iL  p.  279,  No.  40855 
(1885). 
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and  is  in  a  comparatiyelj  early  stage  of  wear.  The  small  antero- 
posterior diameter  of  the  anterior  inner  pillar  (e),  and  especially  the 
slight  production  of  the  part  of  this  pillar  placed  posteriorly  to  the 
"  neck,"  or  point  of  junction  with  the  main  body  of  the  crown,  indi- 
cates that  the  specimen  does  not  belong  to  any  of  the  later  Pleistocene 
or  recent  species  of  tlie  genus,  but  to  that  more  generalized  group 
comprising  E.  sivalensis  of  the  Pliocene  of  India,  and  E,  Stenonis  of 
the  Upper  Pliocene  of  the  Val  d'Amo  and  Algeria  and  of  the  Norfolk 
Forest- bed*.  With  regard  to  the  upper  cheek-teeth  of  those  two 
forms,  which  Dr.  Forsyth-Major  t  regards  as  identical,  it  appears  that 
in  the  former  the  crown-surface  of  the  antero-intemal  pillar  is  on  the 
average  decidedly  more  elongated  than  in  the  latter  Xj  a^cl  that  it 
has  a  greater  tendency  to  the  production  of  its  anterior  extremity 
in  advance  of  the  "  neck,"  in  which  respects  it  makes  an  approach  to 
E,  quaggoides,  F.-Major  §,  and  is  thereby  connected  with  liie  recent 
species  of  the  genus.  Now  in  the  form  and  connexions  of  the 
pillar  in  question  the  Nubian  tooth  agrees  so  exactly  with  the 
Indian  species  (being,  indeed,  absolutely  undistinguishable  from  the 
first  true  molar  of  the  maxilla  of  the  opposite  side  represented  in 
pi.  xiv.  fig.  2  of  the  '  PalsBontologia  Indica,'  ser.  10,  vol,  ii.)  that, 
li  found  in  India,  it  would  be  unhesitatingly  referred  to  that 
species. 

When,  however,  we  call  to  mind  the  apparent  impossibility  of 
distiuguishing  many  of  the  existing  species  of  the  genus  by  their 
teeth  alone,  it  would  be  rash  to  say  that  the  Nubian  fossil  belonged 
to  E.  sivalensis :  and  it  will  accordingly  be  advisable  to  regard  it 
as  apparently  indicating  the  occurrence  in  that  region  of  a  species 
belonging  to  the  same  group,  and  also  as  affording  pretty  conclusive 
evidence  that  the  ossiferous  beds  of  Wadi  Haifa,  and  probably, 
therefore,  those  of  Kalabshi,  are  either  of  Lowest  Pleistocene  or  of 
Upper  Pliocene  age,  since  this  group  of  horses,  both  in  Europe  and 
Algeria,  and  in  India  is  unknown  after  the  period  of  the  Norfolk 
Forest-bed,  which  is  either  lowest  Pleistocene  or  highest  Pliocene. 

The  specimen  is,  however,  of  interest  from  another  point  of  view. 
I  have  previously  expressed  an  opinion  ||  that  the  modem  African 
genera,  found  in  the  Pliocene  of  India,  may  have  reached  Africa  by 
way  of  the  Gulf  of  Aden ;  and  it  is  therefore  of  especial  interest  to 
find  in  the  Tertiary  of  Nubia  a  member  of  the  primitive  group  of 
the  genus  Equus^  which  is  apparently  more  nearly  allied  to  the 
SiwaJik  than  to  the  European  species.  The  occurrence  of  Hippo- 
potamus amphihius  in  the  same  deposits  indicates,  however,  that  the 
early  fauna  of  this  part  of  Africa  was  also  connected  with  that  of 
Pliocene  and  Pleistocene  Europe,  although  this  connexion  was, 
perhaps,  not  so  close  as  in  Algeria,  where  we  find  in  the  Pliocene 

*  See  *  Cat.  Fobs.  Mamm.  Brit.  Mus.'  pt.  iii.  p.  71  (1886). 

t  Quart.  Joum.  Geol.  Soc.  vol.  xli.  p.  2  (1886). 

I  Compare  the  figures  given  by  the  writer  in  the  '  Palfleontologia  Indioa,' 
eer.  10,  vol.  ii.  pi.  xiv.,  with  those  given  by  Forsyth-Major  in  his  "  G-esohichte 
der  foBsilen  Pferde,  etc."  (Abh.  schwz.  pal.  Qes.),  pis.  i.,  ii. 

S  Op.cit.Tl.u,figA. 

g  Quart  Joum.  (Seol.  Soc.  vol.  xlii.  p.  176  (1886). 
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teeth  which  are  imdoubtedly  lef arable  to  Etjaus  Stenmia  acoompanied 
by  others  which  not  improbably  belong  to  EUphas  meridumalia  *. 

If  farther  collections  of  mammalian  remains  should  eventually 
reach  us  from  the  valley  of  the  Upper  Nile,  I  think  we  may  con- 
fidently expect  that  they  will  afford  important  information  with 
regard  to  the  relations  of  the  Pliocene  faunas  of  India  and  Europe 
with  the  existing  fauna  of  Africa. 

[P.8. — ^The  observations  of  Drs.  Woodward  and  Blanford  men- 
tioned below,  in  regard  to  the  remains  of  Deer  from  the  Wadi  Haifa 
beds,  lend  support  to  the  view  taken  above  as  to  the  comparative 
antiquity  of  t^ose  deposits.] 

DlBCTTSSIOir. 

The  PKEBiDEirr  remarked  that  all  the  materials  for  the  evening's 
work  had  been  supplied  from  the  British  Museum  (Natural  History). 

Dr.  WooDWABD  spoke  of  remains  of  Deer  and  Bos  which  appeared 
to  be  in  the  same  mineralized  condition  as  those  of  Equus ;  they  were 
well-fossilized  bones  from  high  above  the  present  Nile  level,  and 
were  probably  of  Tertiary  age. 

Dr.  Blanfobd  spoke  of  the  occurrence  of  fossil  Deer  in  Nubia  as  ex- 
traordinary, since  the  true  Deer  now  only  occur  in  North  Africa,  none 
east  of  the  Sahara,  where  the  Deer  are  replaced  by  Antelopes.  The 
link  shown  with  Indian  Tertiaries  was  important.  The  fact  recently 
ascertained  by  Mr.  Lydekker  that  true  Baboons  existed  in  Pliocene 
Siwalik  beds  and  even  later,  showed  a  resemblance  between  the 
Indian  and  African  faunas.  All  this  pointed  to  a  different  distri- 
bution of  land  during  the  late  Tertiary  period  in  the  Persian  Gulf 
and  Straits  of  Bab-el-mandeb.  Signs  of  depression  may  even  now 
be  seen  in  the  former. 

Dr.  Hicks  pointed  to  the  three  stages  of  development  shown  in 
the  drawings  of  teeth  exhibited,  and  asked,  why  do  we  find  a  higher 
form  in  association  with  a  lower  ? 

Mr.  E.  T.  Newton  remarked  on  the  little  that  was  known  of 
fossils  from  that  part  of  Africa,  and  thought  the  Deer-ander  alluded 
to  by  Dr.  Woodward  even  more  interesting  than  the  Horse's  tooth. 
The  teeth  of  the  Recent  and  Pleistocene  Horses  were  extremely 
difficult  to  distinguish,  and  he  thought  the  tooth  exhibited  might 
have  belonged  to  one  of  the  existing  African  species.  Was  there 
any  other  evidence  as  to  the  probable  age  of  the  beds?  The 
Beer  would  seem  to  indicate  earlier  beds  than  could  be  inferred 
from  the  presence  of  the  Horse. 

Dr.  WooDWAED  observed  that  the  remains  came  from  different 
deposits,  but  the  piece  of  Deer's  antler  was  certainly  associated 
with  the  tooth  of  Horse. 

The  Pkesibxnt  said  that  amongst  some  remains  brought  from  the 
Soudan  was  a  tooth  decided  to  have  been  that  of  a  very  large 
Antelope. 

*  See  '  Cat.  Fobs.  Mamm.  Brit.  Miu.'  pt.  iy.  p.  108  (1886). 
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The  AiTTHOB,  in  reply,  remarked  that  Equus  Stenonis,  in  Algeria, 
is  associated  with  the  remains  of  Deer.  E.  Stenonis  is  intermediate 
hetween  Hipparian  and  E.  eaballus ;  bnt  it  is  impossible  at  present 
to  say  where  the  evolution  connecting  these  forms  took  place.  He 
concluded  that  the  evidence  was  in  favour  of  the  species  being  one 
of  those  which  disappeared  towards  the  dose  of  the  Pliocene  period. 
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13.  The  Tbbbaces  of  Botokahana,  N.  Z.    By  Josiah  Mabtin,  Esq., 
F.G.S.,  Auckland,  N.  Z.    (Eead  February  9, 1887.) 

Ths  destructioD,  by  explosion  connected  with  the  eruption  of 
Tarawera^  10th  June,  1886,  of  the  world-renowned  Terraces  of 
Eotomahana  invests  with  a  melancholy  interest  the  subject  of  this 
paper.  A  calamity  so  complete  and  overwhelming  that  not  a 
vestige  of  these  magnificent  monuments  of  Nature's  architecture 
remains  to  mark  their  site,  has  called  forth  expressions  of  sincere 
r^^et,  not  merely  from  the  inhabitants  of  New  Zealand,  but  also 
from  every  student  of  Nature's  phenomena,  every  lover  of  the 
picturesque  and  beautiful,  as  well  as  from  every  casual  visitor  to 
this  wonderful  district. 

As  the  chief  centre  of  attraction  to  tourists  through  the  Hot-Lake 
district,  the  Terraces  of  Rotomahana  have  been  frequently  described. 
Poets,  men  of  science,  and  historians  have  endeavoured  to  express 
in  varied  language  the  impressions  which  these  unique  structures 
have  produced  upon  them,  while  painting  and  photography  have  made 
known  to  some  extent  their  delicacy  of  colour  and  variety  of  form. 
Most  of  the  writers  have,  however,  admitted  their  inability  to 
give,  from  a  rapid  survey  of  the  whole,  more  than  a  brief  and 
incomplete  description.  In  fact  nothing  beyond  a  generalized  or 
vague  idea  could  be  acquired,  except  by  a  prolonged  residence  on 
the  spot,  a  dose  familiarity  with  the  place  in  all  its  varying  aspects, 
a  continuous  study  of  the  marvellous  range  of  phenomena,  and  an 
intimate  acquaintance  with  and  patient  observation  of  their 
periodicity  and  more  salient  characteristics. 

The  largest  and  most  important  structure,  but  lately  so  well 
known  as  the  White  Terrace,  was  of  very  recent  geological  formation. 
Its  origin,  the  Terata  Geyser,  was  situated  in  a  crater-like  hollow 
near  the  oent^  of  a  conical  hill  of  steaming  and  partially  decom- 
posed felspathic  tuff  on  the  south-east  side  of  the  warm  laJ^e  Eoto- 
mahana. Outspreading  fan-like  from  its  cauldron,  100  feet  above 
the  lake,  and  descending  by  terraced  steps  of  white  sinter  in  a  sector 
of  60^  to  a  broad  flat  of  indurated  mud,  it  encroached  upon  the  lake 
with  a  wide  sweeping  curve  measuring  800  feet  (see  fig.  p.  167). 
The  distance  from  the  apex  to  the  frontage  was  equal  to  a  radius 
of  800  feet,  and  the  measurement  gives  an  area  of  about  320,000 
square  feet  or  about  7|  acres. 

The  Terrace  was  divided  by  marked  differences  of  structure  and 
elevation  into : — 

1.  The  Upper  Terrace,  with  its  long  horizontal  lines  of  cups 

steaming  and  overflowing  with  hot  water. 

2.  The  Middle  Terrace,  with  its  massive  steps  and  shaggy  fringes 

without  basins  or  receptacles  for  the  overflow. 

3.  The  Lower  Plateau,  a  series  of  shallow  basins  and  wide  level 

pLatforms. 
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Meaaurements  along  a  line  of  radios  from  the  lake  to  the  summit 
gave  the  following  results : — 


Badial 
measure' 
menta. 


Eleyation.   Ayerage. 


Temperature 
of  overflow. 


n.  Lake-flat 

PkSu.|2-I^^«rpl»teau  

(3.  Cold-water  Basins.. 

Middle    r4.  Tabular    masses    1 
Terrace.  \        slopes 

5.  Hot-water  Basins  .. 


Upper 
Tenaoe. 


t 


6.  Upper  pUtform 


ft. 
80 


150 

240 

250 
90 


ft 

1  or  1  in  80 

4=  8°  5' or  1  in  16 

10=  8°  6' or  1  in  15 


60^  to  80<> 
80°  to  90° 
60°  to   90° 


50=11°  6' or  1  in   5  80°  to  112° 
115°  to  160* 


6=  7°     or  1  in 
Lerel 


8 


160°  to  170° 


The  Great  Cauldron^  or  Baon,  when  empty,  appeared  to  be 
an  extensive  ezcavation  lined,  decorated  and  richly  ornamented 
with  the  characteristic  deposit  of  snow-white  sinter.  Its  form  was 
elliptical,  with  a  longer  diameter  of  200  feet  and  a  shorter  of 
165  feet. 

The  sides  of  the  Cauldron  formed  a  nearly  vertical  wall  10  feet 
high,  which  extended  about  halfway  round  on  the  east  side,  the 
other  portion  sloping  inward  at  an  average  angle  of  30°  to  a  depth 
of  about  20  feet,  except  under  the  '^  lion  Bock,"  where  a  magnificent 
cornice  overhung  a  perpendicular  wall  14  feet  in  he^ht. 

The  basin-floor  was  broken  into  large  irregular  masses,  the  whole 
surface  being  roughly  corrugated  into  wavy  lines  (probably  caused 
by  convection-currents)  and  presenting  the  appearance  of  wind- 
drifted  snow. 

The  Cauldron  was  enclosed  by  a  smoothed  and  perfectly  level 
rim  of  silica,  about  6  feet  in  average  width. 

This  enclosing  rim  formed  a  pathway  round  the  Cauldron,  except 
on  the  south  side,  where  its  continuity  was  broken  for  a  distance  of 
40  feet,  being  perforated  by  a  number  of  small  steam-holes. 

The  crater-walls,  excavated  from  the  hill  by  hydrothermal  action, 
rose  abrupt  and  dark  from  the  outer  circumference  of  the  rim. 

From  50  feet  in  height  behind  the  Cauldron  this  wall  sloped, 
as  it  embraced  the  hollow,  to  the  sharp  ridges  which  formed  the  side 
of  the  entrance,  and,  with  the  "  Lion  Bock,"  probably,  at  an  earlier 
period,  completed  the  circuit  at  a  height  of  from  12  to  15  feet  above 
the  level  of  its  recent  overflow. 

The  opening  to  the  upper  platform  in  firont  of  the  Cauldron 


Digitized  by  LjOOQ IC 


JIB.  J.  M ABTtN  OK  TE^  TfiBBAOES  0^  BOTOMAHANA.  l67 

extended  123  feet,  and  near  the  middle  stood  the  "  Lion  Eook,"  a 
mass  of  harder  material  (which  had  resisted  disintegration),  35  feet 
in  length  at  its  base  and  10  feet  in  height.  This  encroached  con- 
siderably within  the  elliptical  area  of  the  Cauldron,  rendering  its 
suifaoe  reniform  in  contour. 


Sketch  Plan  and  Section  of  the  White  Terrace,  Eotomihana, 
in  November  1885. 


Lake  Botomahana. 

The  opening  to  the  Tunnel  was  situated  about  30  feet  to  the 
south-west  of  the  centre  of  the  basin,  at  a  depth  of  30  feet  below 
the  rim ;  it  measured  15  feet  across,  narrowing  at  a  farther  depth 
of  8  feet  into  a  tube  apparently  6  feet  in  diameter. 

The  activity  of  the  Geyser  varied  greatly.  From  furious  ebullition 
with  a  rushing  overflow  fully  10  inches  in  depth  across  the  whole 
opening,  it  would  subside  into  its  normal  discharge,  welling  up  and 
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over  in  ripples  of  about  one  inch  in  depth ;  frequently  the  overflow 
would  cease,  fluctuations  continuing  within  the  basin;  and 
occasionally  the  water  retired  altogether  within  the  tube,  leaving 
the  basin  dry. 

During  rapid  alternations  of  activity  and  rest  the  whole  contents 
of  the  Cauldron  have  been  observed  to  retire  within  the  tube  in  six 
hours,  and  the  most  rapid  refilling  noticed  has  taken  four  hours  to 
complete. 

The  process  of  refilling  sometimes  commenced  slowly  and  was 
continued  st'Cadily,  while  at  other  times  the  action  would  be  spas- 
modic, and  violent  eruptions  of  water  would  be  thrown  to  an 
enormous  height,  sometimes  falling  beyond  the  area  of  the  basin. 

From  the  measurements  taken  of  the  interior  of  the  Cauldron,  its 
capacity  would  be  about  2|  million  gallons. 

From  numerous  and  independent  observations  the  activity  for  100 
days  may  be  stated  as : — 

days, 

1.  Excessive. — ^Violent  disturbances,  basin  filling  in  4  hours 

with  overflow  of  600,000  gallons  per  hour 2 

2.  Extraordinary. — Basin  filling  in  from  6  to  12  hours,  overflow 

from  200,000  to  400,000  gallons  per  hour 8 

3.  Normal. — Constant  ebullition  in  basin,  dense  steam-clouds, 

frequent  geyser-fountains  from  20  to  30  feet  above  surface, 
water  welling  over  in  rippling  waves  at  100,000  gallons 
per  hour 76 

4.  Feeble. — Keduoed  geyser-action,  water  rising  and  fSaUing 

within  the  basin,  little  or  no  overflow 10 

6,  Quiet. — ^Water  low,  showing  floor  of  basin 3 

6.  Dry. — ^Water  all  retired  within  the  tube , 2 

100 

Heavy  N.E.  weather,  with  falling  barometer,  was  usually  associated 
with  excessive  action ;  the  water  frequently  retired,  leaving  the 
basin  dry,  when  the  wind  was  from  the  south,  with  a  clear  sky  and 
rising  barometer. 

Closely  comparing  the  movement  of  the  aneroid  with  the  period- 
icity of  action  gave,  however,  very  unsatisfactory  results.  For  three 
days  the  activity  of  the  Geyser  exactly  corresponded  with  the 
movement  of  the  barometer — overflow  ceasing  and  the  water 
retiring  into  the  tube  when  the  barometer  was  rising  and  wind 
changing  from  W.  to  S.,  and  activity  being  resumed  directly  the 
barometer  indicated  a  downward  tendency  and  the  wind  shifted 
toward  N JS. 

On  three  following  days  similar  changes  of  activity  took  place 
under  exactly  opposite  conditions  as  to  wind  and  barometric  pressure. 
During  six  days  succeeding  the  overflow  continued  normal,  although 
similar  atmospheric  changes  were  experienced. 
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An  approximate  analysis  of  the  water  gave  about  150  grains  of 
solid  matter  per  gallon,  viz. : — 

grs. 

SUiea,  free  and  combined  with  Boda    60 

Sodium  and  potawium  chlorides 60 

Alkalies,  chiefly  soda    SO 

Sodium  sulphate,  and  other  salts 10 

160 

The  amonnt  of  rock  material  thus  withdrawn  in  solution  by  this 
geyser  at  its  normal  rate  of  discharge  would  amount  to  about  ten 
tons  per  day.  Several  observations  lead  to  the  conclusion  that  at 
least  ten  per  cent,  of  the  silica  would  be  deposited  upon  the  surface 
covered  by  the  overflow.  This  would  be  equivalent  to  about  120 
tons  per  year,  and  give  an  average  deposit  over  the  entire  surface 
of  one  inch  in  fifteen  years.  Upon  the  upper  portions  of  the 
structure  the  deposit  had  formed  as  rapidly  as  one  inch  in  ^ve 
years  upon  various  objects  placed  for  experiment  in  the  course  of 
the  overflow. 

he  Upper  Platform  extended  east  and  west  in  front  of  the  basin 
for  130  feet.  Its  width  at  the  west  end  was  15  feet,  and  at  the  east 
10  feet.  In  front  toward  the  centre  it  opened  out  into  two  lai^e 
shallow  basins.  The  larger  (No.  2  on  plan)  circular  in  outline  with 
a  diameter  of  60  feet,  the  other  (No.  3)  semicircular,  with  a  curious 
double  outer  rim,  had  a  radius  of  20  feet,  and  between  them  was  a 
slightly  depressed  channel  4  feet  wide.  The  outer  (eastern)  portion 
of  the  platform  was  very  curiously  broken  into  miniature  lakes  and 
islands,  with  peninsular  points  and  crescented  bays.  The  surfaces  of 
the  elevations  were  smooth,  and  of  uniform  level  with  the  rest  of  the 
platform  and  rim  of  Cauldron  (No.  1).  These  small  depressions,  as 
well  as  the  hollows  of  the  two  basins  (Nos.  2  &  3),  had  the  nearly 
uniform  depth  of  twelve  inches.  The  sides  of  the  elevations  and  the 
floor  of  the  depressions  were  covered  with  delicate  coral-like  deposits 
of  exquisite  beauty. 

liVhen  the  platform  was  covered  by  the  overflow,  these  numerous 
and  beautiful  depressions  escaped  notice,  the  whole  surface  appearing 
as  a  level  sheet  of  water,  the  visitor  being  cautiously  conducted 
along  the  narrow  path  in  front  of  the  rock  over  which  the  water 
would  be  rippling  from  the  Cauldron. 

The  double  outer  rim  of  No.  3  basin  enclosed  a  deep  and  beauti- 
fully ornamented  cresunt,  a  yard  in  width  at  the  widest  part.  The 
sides  and  depths  were  covered  with  projecting  and  interlacing  points 
of  coral-like  sinter,  similar  in  character  and  disposition  to  the  fleecy 
masses  which  were  scattered  over  the  basin  floor  and  which 
promised  in  time  to  fill  up  the  entire  cavity. 

This  seemed  to  afford  strong  evidence  that  the  crescent  as  well  as 
the  other  depressions  could  not  have  been  excavated  by  the  same 
agency  as  that  by  which  they  were  slowly  but  certainly  filling. 

The  breach  or  outer  wall  of  this  (No.  3)  basin  formed  a  wavy 
semicircle  ten  yards  in  extent  and  about  six  feet  in  height,  thickly 
set  with  rough  projecting  bosses  and  mammillary  points. 

Q.  J.  G.  8.  No.  170.  K 
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The  outwork  of  No.  2  basin  formed  a  massive  wall  ten  feet  in 
height,  with  similar  decorations,  and  presented  a  conspicuous 
appearance  when  the  terrace  was  viewed  from  the  lower  levels.  The 
wondrous  horizontal  lines  of  "cups"  were  situated  immediately 
below,  on  the  west  and  east  points  of  the  Upper  Platform,  meeting 
the  circular  walls  of  the  basins ;  joining  at  their  base,  these  continued 
the  r^ular  parallels  right  across  the  front  of  the  Terrace. 

The  tiers  or  rows  of  **  cups "  might  be  classed  in  four  sections, 
each  with  its  own  specialized  structure  and  form  : — 

1.  East  lines,  slope  1  in  8. 

2.  West  lines,  slope  1  in  5. 

3.  Steep  basins  (central),  slope  1  in  3. 

4.  Lower  series,  slope  1  in  10. 

(1)  Upon  the  upper  eastern  portion  their  crisp  and  sparkling 
lips  projected  like  open  bivalve  shells,  overhanging  half  the  cup 
beneath  ;  seen  from  below  they  formed  long  lines  of  varying  height 
but  perfect  in  their  horizontality ;  and  in  section  they  would  appear 
as  a  series  of  crescents,  set  with  points  projecting  upwards. 

(2)  On  the  other  portions  of  the  upper  slope  the  projecting  rims 
were  reduced  and  rounded,  and  formed  perpendicular  walls  with 
protuberant  lips. 

(3)  Under  the  walls  of  basins  Nos.  2  &  3  these  receptacles  were 
steeper  and  bolder,  and  formed  a  series  of  Decorated  Basins^  which 
being  a  little  distance  from  the  beaten  track  were  rarely  seen  by 
visitors.  Their  elevations  were  ciiriously  embossed  and  adorned 
with  rosette-like  appendages,  which,  when  the  Terrace  was  partially 
dry,  stood  out  white  in  bold  relief  upon  a  grey  ground,  and  presented 
to  the  spectator  a  more  perfect  ideal  of  rich  ornamentation  than 
could  be  seen  elsewhere  on  any  part  of  this  wonderful  structure. 

(4)  The  lower  series  of  enclosures  opened  out  into  wide  shallow 
areas,  bounded  by  low  narrow  sinuous  ridges,  almost  unnoticed  when 
dry,  but  strongly  defining  the  differences  of  elevation  when  covered 
by  the  overflow.  When  seen  full  and  overflowing  from  above,  these 
receptacles  appeared  as  segments  of  azure,  outlined  with  arcs  of 
creamy  white,  infinite  in  variety  of  size,  from  a  semicircle  a  few 
inches  in  diameter,  to  long  and  wavy  outlines  of  from  60  or  60  feet, 
enclosing  pools  from  one  to  six  feet  in  width,  with  a  few  larger 
areas  showing  a  deeper  blue  outlined  in  firmer  lines. 

'  In  this  series  of  ^^  cups  "  the  silica  was  deposited  by  rapid  evapo- 
ration in  a  granular  form,  and  when  dry  had  the  dazzling  bril- 
liancy of  frost-work ;  yet  so  firm  and  adherent  were  the  particles 
that  they  were  with  diffictdty  crushed  or  scraped  away,  the  outer 
rim  or  edge  being  more  compact  than  the  interior. 

The  upper  and  lower  portions  of  the  Terrace  were  distinctly 
separated  by  the  great  wall,  popularly  known  as  the  Giant  Buttress^ 
which  extended  its  level  summit  in  a  wavy  outline  for  more  than  80 
feet,  supporting  the  shallow  pools  of  the  Upper  Terrace.  Its  front 
was  draped  with  overlapping  wool-like  fringes  and  stalactitic  pen- 


Digitized  by  LjOOQ  IC 


ITB.  J.  XABTIK  OK  THE  TEBBACBS  07  BOTOVAHANA.  171 

dants,  from  which  the  overflow  trickled  in  a  glistening  ahower4 
This  was  the  most  conspicuous  portion  of  the  whole  structure,  the 
gradual  descent  of  the  formation  on  either  side  leaving  the  centre 
overhanging  more  than  twelve  feet  ahove  a  hasin  which  heautifully 
reflected  its  curious  architecture. 

This  natural  division  was  also  marked  by  a  level  path  varying  in 
width  from  2  to  20  feet,  which  extended  right  across  the  face  of  the 
Terrace  from  east  to  west,  broken  only  by  a  few  steps  near  the 
centre. 

Upon  this  belt,  and  almost  exactly  in  the  centre  of  the  Terrace, 
was  the  rough  protruding  rock  known  from  its  peculiar  shape  as  the 
.Boar's  Head. 

A  little  further  towards  the  east  was  the  Broken  Basin,  a  circular 
pool  12  feet  in  diameter,  about  26  inches  deep,  of  similar  height 
upon  its  outer  front,  the  only  warm -water  basin  on  the  White 
Terrace  deep  enough  to  be  used  as  a  bath  ;  its  temperature  varied, 
according  to  the  overflow,  from  120°  to  90^,  its  interior  surface  was 
rough  like  concrete,  and  a  sedimentary  deposit  was  disturbed  when 
bathing.  Some  time  ago  an  opening  must  have  been  roughly  hewn 
out  of  the  rim,  forming  a  depressed  lip  about  12  inches  across  and  4 
inches  deep,  through  which  the  overflow  poured  into  another  shallow 
basin  below. 

The  deposition  of  sinter  here  must  have  been  very  slow,  as 
scratches  and  markings  made  in  the  hollow  of  the  broken  lip  two 
years  since  were  barely  covered  by  a  thin  glaze. 

The  Middle  Terrace. 

The  central  portion  of  this  part  of  the  structure  was  distinguished 
by  a  series  of  massive,  rugged,  and  rippled  perpendicular  elevations, 
many  of  which  exceeded  six  feet  in  height ;  some  were  decorated 
with  pendent  wool-like  fringes,  some  with  deeply  engraved  parallel 
lines,  and  others  with  small  upturned  scales.  The  central  ones  were 
approached  on  either  side  by  lower  ridges,  which  together  formed  an 
ascent  of  about  two  hundred  steps.  At  increasing  distances  from 
the  centre,  these  elevations  were  again  and  again  reduced  until, 
near  the  margin,  they  merged  into  wide  incrusted  slopes  marked  by 
lines  of  interlacing  ripples  which  formed  protecting  ridges  less  than 
half  an  inch  in  height. 

These  elevations,  although  presenting  the  characteristic  lines  of 
level  surface,  formed  compact  platforms,  tables,  or  steps — only  one 
depression  ocourriDg  in  the  whole  series,  and  that  but  a  small  muddy 
pool. 

Although  the  normal  overflow  covered  the  whole  of  the  Terrace, 
any  diminution  in  quantity  left  many  of  these  central  masses  dry. 
The  deposition  of  silica  appeared  to  be  scarcely  sufficient  to  preserve 
the  compact  character  of  the  surface,  and  those  parts  most  exposed 
to  the  action  of  the  atmosphere  were  disintegrating  and  becoming 
loose  and  fragmentary. 

It  seems  but  reasonable  to  suppose  that  these  central  elevatiopa 
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had  been  formed  before  the  lateral  slopes  were  cleared  of  Tegetation, 
as  such  masses  could  scarcely  have  been  deposited  by  aqueous 
agency  if  such  a  iree  outlet  as  the  sloping  sides  had  been  open  to 
the  escaping  flood. 

The  Eastern  Wing  of  the  Terrace,  divided  from  the  Middle  Terrace 
by  a  dump  of  stout  manuka  trees,  formed  a  steep  slope  of  sinter 
deposit  rippled  into  small  wavy  lines.  Under  the  trees  some  very 
nterestiug  features  of  new  formation  were  observed,  the  prostrate 
branches  forming  the  foundation  of  ridges,  and  drifting  twigs  and 
leaves  collecting  in  the  hollows  became  incrusted  and  cemented, 
forming  receptacles  similar  in  character  to  those  upon  the  Great 
Terrace. 

The  Western  Wing  was  separated  by  a  deep  cleft  and  some 
smaller  clumps  of  bush.  Its  deposit  was  similar  in  character  to 
that  of  the  east  wing.  Its  lower  portion  was  mo^e  extensive  and 
formed  wide  shallow  areas,  bounded  by  ridges  of  from  one  to  three 
inches  in  height;  these  frequently  contained  beautiful  tree-like 
Accretions,  which  rising  on  a  stem,  spread  their  branches  on  the 
surface,  the  largest  specimens  extending  over  four  inches. 

The  Cold-water  Basins  formed  the  front  extension  of  the  lower 
central  portion  of  the  Terrace.  Viewed  from  above,  they  exhibited 
an  extraordinary  combination  of  circular  and  crescented  areas, 
extending  from  five  to  twenty  feet  across,  of  pale,  opalescent  blue, 
outlined  by  broad  rims  of  grey  and  brown,  with  encroaching 
margins  of  siliceous  mud. 

From  below  they  formed  an  ascending  series  of  from  one  to  four 
feet  in  height,  with  rough  perpendicular  walls,  in  some  instances 
with  a  slightly  proj«;ting  cornice,  streaked  with  vertical  lines  of 
white,  grey,  and  brown,  mingled  with  various  stains. 

Their  depth  appeared  to  correspond  to  their  height.  The  surface- 
water  was  cloudy  from  suspended  silica,  and  the  basins  full  of  a  fine 
siliceous  ooze,  gelatinous  and  cold.  The  contents  of  these  receptacles 
showed  every  stage  of  consolidation,  and  many  had  already  become 
compact  tabular  blocks.  The  conversion  of  the  alkaline  silicates 
into  carbonates  by  exposure  to  the  atmosphere  would  precipitate 
the  silica  in  the  forms  observed  in  these  basins. 

The  outward  trend  of  every  curve  in  this  wonderful  series,  and 
the  gradual  descent  from  the  apex  or  summit,  seems  to  indicate  their 
origin  from  the  great  cauldron  above.  The  theory  of  the  formation 
of  the  structure  from  siliceous  deposition  only  fails  to  account  for  the 
erection  of  such  regular  basins  at  such  a  distance  from  the  source, 
the  cooled  overflow  leaving  here  so  little  surface-deposit;  and 
further  the  excavation  of  the  basin-hollows  could  scarcely  hare  been 
effected  by  the  same  agency  as  that  by  which  they  were  now  con- 
solidating. 

The  Lower  Plateau  skirting  the  Terrace  on  the  lake-border  marked 
by  its  regular  gradations  the  gradual  lowering  of  the  lake-level 
through  a  distance  of  about  four  feet.  Along  the  edge  of  the 
Terrace  it  formed  a  sinter  pavement,  loose  and  fragmentary,  readily 
detached  in  surface-layers  of  about  an  inch  in  thickness.    In  many 
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places  it  was  broken  tliroogh  by  clamps  of  trees  or  small  sbrabs, 
and  many  rush-covered  patches  appeared  on  the  softer  parts. 

Towards  the  lake  the  mai^in  became  uncertain  and  treacherous, 
and  the  boundary  between  terrace-deposit  and  lake-mud  was  unde- 
fined. 

Changes  in  Appearance. 

The  want  of  a  series  of  systematic  observations  of  the  rate  and 
form  of  deposit  can  never  be  supplied. 

Comparing  photographs  and  notes  taken  in  1883  with  experiences 
two  years  later,  it  was  found  that  marked  changes  were  talung  place 
upon  the  upper  part  of  the  Terrace. 

The  surface  previously  covered  by  an  acicular  deposit  had  now  a 
more  granular  character,  and  instead  of  crunching  under  foot  like 
hoar-frost,  it  had  the  yielding  nature  of  a  layer  of  snow. 

The  overflow  had  also  worn  a  slightly  depressed  channel,  leading 
^m  the  cauldron  across  the  platform,  between  the  two  shallow 
upper  basins  already  described.  The  flood  rising  to  the  lip  of  the 
cauldron  flowed  through  this  channel  and  poured  down  the  centre 
of  the  Terrace. 

The  erosion  of  this  stream  was  evidently  deepening  its  own 
channel  and  smoothing  the  surface  of  those  masses  over  which  it 
poured,  while  it  threatened  in  time  to  alter  the  whole  appearance 
of  the  Upper  Terrace. 

As  the  water  rose  more  rapidly  than  it  could  escape  by  this  new 
channel,  it  nezt  filled  the  circular  outer  basin  (No.  2),  and  then  the 
other  large  area  (No.  3) ;  a  further  rise  spread  over  the  western 
end  of  the  platform  and  down  the  trees  on  that  side,  the  receptacles 
on  the  east  side  being  supplied  by  a  cooler  stream  overflowing  from 
the  basin  (No.  3). 

This  change  of  direction  firom  that  of  the  previously  charac- 
teristic uniform  overflow  was  also  apparent  iu  the  orange  coloration 
which  was  extending  over  the  eastern  tiers,  probably  due  to  con- 
fervas. The  temperature  of  the  water  in  these  depressions  was  only 
100°,  while  in  those  at  the  same  level  on  the  western  side  it  was  3C^ 
warmer. 

Before  attempting  an  explanation  of  the  peculiar  architecture 
of  the  Terrace,  it  will  be  necessary  t-o  take  into  account  the  enor- 
mous amount  of  material  removed  from  the  hill  in  excavating  the 
crater  and  cauldron ;  from  careftQ  measurements  this  cannot  be 
estimated  at  less  than  2}^  million  cubic  feet,  an  amount  equal  to  a 
deposit  of  eight  feet  in  thickness  over  the  entire  area  of  the 
Terrace.  This  detritus  must  either  have  been  carried  away  with 
the  overflow  into  the  lake  or  deposited  upon  the  hill-slopes. 

Observing  that  the  erosive  action  of  the  overflow  was  cutting  a 
channel  through  the  hard  siliceous  pavement  of  the  upper  platform, 
the  torrent  would  certainly  have  opened  a  gorge  through  the  soft 
rock,  if  in  its  initial  form  the  Terata  Geyser  had  exhibited  similar 
characteristics  to  those  with  which  we  have  been  familiar. 

Or  had  its  earlier  activity  been  more  feeble  and  intermittent,  the 


Digitized  by  LjOOQ IC 


174  MR.  /.  XARTIir  ON  THB  TBBRACE8  OF  BOTOMAHAKA. 

overflow  would  have  spread  its  surface-deposits  over  the  faoe  of  the 
hill,  as  exhibited  in  the  sinter  formations  of  other  hot  springs  in 
the  district. 

It  also  appears  quite  evident  that  the  siliceous  lining  of  the  great 
cauldron  could  not  have  been  deposited  until  the  process  of  excava- 
tion was  nearly  complete,  and  that  the  solid  precipitous  walls,  the 
comparatively  level  floor,  and  the  perfectly  level  encircling  rim  must 
have  acquired  stability  of  form  before  the  deposition  of  silica  upon 
their  surface. 

The  extension  of  the  platform  in  front  of  the  cauldron  and  the 
massive  walls  and  basins  which  characterize  the  structure  suggest 
to  the  carefal  observer  the  probability  that  their  formation  was  due 
to  the  deposit,  in  a  plastic  condition,  of  the  material  thus  removed 
from  the  crater. 

The  phenomena  of  mud  volcanoes  exhibited  at  the  plateau  of 
Botokanapanapa  afibrd  to  the  geologist  valuable  indications  of  the 
probable  appearance  of  the  Terata  cauldron  in  the  earlier  stages  of 
its  activity.  This  circular  area,  of  similar  size  to  the  crater  of  the 
White  Terrace,  was  situated  in  a  hollow  of  the  same  hill,  a  few 
chains  further  towards  the  west,  where  the  continued  or  intermit- 
tent action  of  steam  escaping  through  felspathic  tuff  had  gradually 
converted  the  rock  into  a  perfectly  level  lake  of  mud  and  clay. 
The  surface  was  covered  with  a  semi-liquid  layer  from  which  rose 
a  large  number  of  miniature  cones  and  craters  varying  in  diameter 
from  2  to  20  feet,  the  former  emitting  steam,  with  occasional  spats 
of  mud,  the  latter  bubbling  and  seething  like  boiling  paste  or  porridge. 
Around  the  edge  or  outer  rim  of  the  area  the  mud  was  sufficientiy 
compact  to  form  a  Arm  and  safe  footpath,  while  towards  the  centre 
it  became  very  soft  and  hot. 

Extending  through  a  narrow  outlet  over  the  slope  towards 
Eotomahana,  the  mud  overflow  preserved  tibie  same  uniformity  of 
level  until  it  fell  abruptly  over  a  rounded  breastwork  which  was 
encroaching  upon  the  vegetation  on  the  hill-side  ;  the  surplus  water, 
thick  and  creamy  at  first,  deposited  its  solid  matter  in  hollows  and 
upon  obstructions,  and  finally  escaped  clear  through  the  scrub  to 
the  lake. 

If  this  condition  had  been  succeeded  by  a  gradual  increase  of 
thermal  activity,  it  seems  but  reasonable  to  suppose  that  the  softer 
clays  around  ^e  centres  of  action  would  be  slowly  removed,  to 
accumulate  as  masses  of  deposit  upon  the  slopes  below.  Inter- 
mittent discharges  of  siliceous  water  would  carry  forward  streams 
of  plastic  clay,  which  on  meeting  level  ground  would  spread  out  and 
form  sweeping  curves  of  low  elevation ;  this  deposit  would  rapidly 
harden,  as  it  dried  upon  the  outer  surface,  into  a  cement  like 
concrete ;  other  following  deposits  resting  upon  those  already  laid 
would  form  a  series  of  terraced  steps.  Succeeding  streams  of 
water  penetrating  through  surface-cracks  would  excavate  the  still 
soft  and  plastic  interior  and  redcposit  the  solid  material  thus  re- 
moved, in  the  form  of  overhanging  lips  with  pendent  or  stalac- 
titic  fringes,  or   as  smaller  intermediate  steps,  instances  of  which 
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can  be  observed  at  the  white  mud  craters  of  Wairakei^  near 
Taupo. 

The  comparatiye  study  of  local  phenomena  thus  appears  to  favour 
the  theory  that  the  initial  activity  of  Terata  was  very  similar  to  that 
of  Eotokanapanapa,  and  that  the  successive  periods  which  mark  the 
history  of  the  formation  of  the  White  Terrace  correspond  with  the 
increasing  activity  of  its  source. 

The  hill  surrounding  Terata  being  pierced  by  numerous  steam- 
jets,  it  is  exceedingly  probable  that  a  large  number  around  a  common 
centre  originally  combined  to  form  a  crater-lake  of  seething  mud. 
As  activity  increased,  the  outer  wall  of  the  crater  would  be  occa- 
sionally broken  down,  and  escaping  mud-<streams  would  be  as 
frequently  liberated.  These  periodical  overflows  would  form  by 
superimposition  upon  the  hill-slopes  the  foundation  of  this  curious 
and  complex  terraced  series.  The  earlier  streams  moving  slowly 
through  the  vegetation  on  the  hill-side,  spread  out  upon  the  level 
ground  at  the  base,  forming  that  beautiful  series  of  curves  previously 
described  as  the  Cold-water  Basins.  The  excavation  of  these 
basins  would  be  easily  effected,  if,  after  the  induration  of  their  outer 
walls,  running  water  penetrated  through  surface-cracks  before  the 
consolidation  of  their  central  mass. 

The  central  steeps,  which  rise  immediately  above  these  basins, 
appear  to  have  been  built  up  by  the  masses  of  plastic  clay,  which 
issued  at  successive  periods  as  the  wall  of  the  crater  yielded  to  the 
increasing  activity. 

The  upper  platform,  with  its  massive  circular  outworks,  would 
have  been  formed  as  the  enlargement  of  the  crater-gap  increased  to 
its  historic  dimensions,  and  the  level  surface,  including  that  of  the 
encircling  rim,  indicates  a  period  when  this  entire  area  was  in  a  soft 
and  plastic  condition. 

As  the  eruptive  force  augmented,  and  as  intermittent  geyser- 
fountains  succeeded,  the  smaller  vents  within  the  area  would  tend 
to  unite  in  one  enlarged  vertical  tube.  The  argillaceous  contents, 
reduced  to  an  exceedingly  fine  state  of  subdivision,  would  by  pro- 
longed boiling  be  removed  and  replaced  by  a  siliceous  cement,  the 
more  compact  encircling  rim  being  left  entire  around  the  cauldron. 

The  numerous  tiers  of  shallow  receptacles  known  as  the  Upper 
Series,  hot-water  basins,  or  '  cups '  appear  to  owe  their  regular  out- 
lines to  the  successive  waves  of  sUiceous  material  which  overflowed 
periodically  during  the  excavation  of  the  cauldron.  Evaporation 
would  cause  this  material  to  harden  rapidly  from  its  outer  surface, 
and  thus  the  lines  of  elevation  would  be  maintained  when  the  softer 
interior  was  removed  by  succeeding  currents.  Percolation  of  water 
through  the  pores  would  increase  the  deposit  of  silica  within  the 
interstices  of  the  mass  and  further  harden  the  basin-walls.  Thus 
deposition  and  removal  combined  to  produce  that  exquisite  variety 
of  form  which  characterized  these  horizontal  lines  of  deposition. 

The  curious  depressions  upon  the  Upper  Platform  are  also  readily 
explained  upon  the  hypothesis  that  the  crust  of  the  upper  strata  of 
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argillaceous  deposit  was  broken  through,  and  the  softer  parts  of  the 
interior  removed. 

Thermal  activity  within  the  cauldron  having  at  length  removed 
the  softened  rock,  the  deposition  of  siliceous  incrustation  in  all  its 
varied  forms  of  elaborate  crystalline  ornamentation  would  decorate 
the  foundations  previously  laid  with  that  enchanting  beauty  which 
was  the  glory  of  the  White  Terrace. 

Otukapuaranga,  or  the  Pink  Terrace,  situated  on  the  opposite  side 
of  Botomahana,  about  a  quarter  of  a  mile  further  towards  the  west, 
had  a  frontage  of  140  feet,  and  at  a  distance  of  495  feet  rose  to  the 
height  of  85  feet.  Of  similar  but  older  formation,  and  resembling 
the  White  Terrace  in  its  essential  features,  it  differed  in  many 
important  details. 

The  colour  from  which  its  name  was  derived  was  characteristic 
only  of  the  older  deposits,  which  a  new  smooth  white  enamel  was 
slowly  obliterating.  There  were  also  numerous  indications  of 
diminution  in  the  activity  of  its  source,  and  of  a  probable  change  in 
the  constituents  of  its  overflow. 

The  structure  may  bo  considered  in  four  divisions,  corresponding 
to  differences  in  the  angle  of  inclination,  viz. : — 

1.  The  Front  Plateau. 

2.  The  Middle  Terrace. 

3.  The  Upper  Platforms. 

4.  The  Basin  or  Cauldron. 

(1).  The  Front  Plateau  extended  as  a  gentle  slope  30  feet  wide 
along  the  frontage,  where  it  rose  abruptly  about  2  feet  above  the 
lake. 

The  overflow  being  confined  to  a  central  space  45  feet  wide,  the 
other  portions  were  partially  overgrown  with  moss  and  scrub, 
except  at  a  narrow  channel  formed  on  the  eastern  margin. 

(2).  The  Middle  Terrace,  or  Terrace  proper,  consisted  of  sixteen 
well-deflned  tabular  elevations  averaging  4  feet  in  height,  ap- 
proached by  numerous  subordinate  or  intermediate  steps,  reduced  on 
the  margins  to  rippled  and  irregular  cascades,  which  formed  an  easy 
ascent. 

(3).  The  upper  levels,  a  series  of  wide,  smooth  platforms,  rising 
by  slight  elevations,  extended  completely  across  the  Upper  Terrace, 
a  distance  of  224  feet.  Here  were  situated  the  "  Baths,"  a  series  of 
eight  hot-water  basins,  which  were  the  only  depressions  on  the 
Terrace. 

The  Baths  were  smooth  shallow  cavities,  crescentic  in  outline, 
averaging  9  feet  by  3  feet,  with  a  depth  of  from  2  to  3  feet, 
ranging  in  temperature,  according  to  distance  from  the  Cauldron, 
from  90°  to  130°. 

The  four  principal  bathing-pools  were  situated  near  the  centre  on 
rising  grades,  with  an  elevation  of  one  foot,  the  massive  fronts  of 
the  upper  baths  projecting  considerably  over  the  basin-area  below. 

(4).  The  Cauldron  measured    about  150x160  feet,  and  was 
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BorFonnded  by  a  level  rim,  in  width  from  5  to  30  feet.  The  great 
hasin  appeared  to  be  always  full  of  dcep-blae  boiling  water,  edged 
with  sulphur  and  enshrouded  by  a  veil  of  steam.  Usually  oyerflowing 
without  agitation,  it  was  occasionally  disturbed  by  wave-like 
upheavals.  Its  margin  could  only  be  approached  at  one  part  of  its 
circumference,  where  soundings  gave  a  depth  of  fifteen  feet,  and  the 
wall  just  below  the  surface  was  seen  set  with  spiny  ridges. 

Near  the  centre  of  the  boiling  lake  was  a  dome  or  mass  of  spongy 
sinter,  which  could  be  seen  only  when  the  steam  drifted  away  and 
the  surface  was  unruffled. 

Sy  the  terrible  catastrophe  of  June  10, 1886,  the  waters  of  lakes 
Botomakiriri  and  Eotomahana  were  drawn  into  the  newly  opened 
fissure,  which  had  originated  at  the  base  of  Ruawahia  or  Tarawera, 
and  by  the  extraordinary  explosions  which  succeeded,  the  terraces 
of  Eotomahana  were  blown  away,  and  wide  steaming  areas  of 
desolation  are  all  that  remain  to  mark  the  site  of  theee  once  world- 
renowned  structures. 

(For  the  DiBcrssioir  on  this  paper,  see  p.  188.) 
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14.  The  Eruption  of  Moxtnt  Takawera.    By  Captain  F.  W.  Hutton, 
F.G.8.     (Read  February  9,  1 887.) 

Tae  eruption  of  Mt.  Tarawera,  in  the  North  Island  of  New  Zealand, 
took  place  on  the  10th  of  June,  1886.  I  was  not  able  to  leave 
Christchurch  at  once,  but  arrived  at  Eotorua  on  the  26th  of  June. 
During  my  stay  in  the  district,  which  lasted  till  14th  of  July,  I  exam- 
ined liotomahana  and  Okaro,  and  went  across  the  Eaingaroa  plains 
to  Galatea.  Subsequently,  with  Prof.  F.  D.  Brown  and  Prof.  A.  P. 
Thomas,  I  visited  Lakes  Eotoiti  and  Eotoehu. 

Description  of  the  District, 

About  25  miles  south-west  of  Lake  Taupo  is  Ruapehu  (fig.  1),  a  trun- 
cated cone  9195  feet  high,  covered  with  perpetual  snow.  Until  lately  it 
was  thought  to  be  extinct,  and  is  so  described  by  Dr.  von  Hochstetter ; 
but  for  several  months  past  steam  has  occasionally  been  noticed 
issuing  from  the  summit,  and  on  the  16th  of  Apnl  last,  Mr.  L. 
Cutten,  Surveyor,  ascended  the  mountain  and  found  the  crater  on 
the  top  to  be  300  feet  deep,  with  hot,  eddying,  and  steaming  water 

Fig.  1. — Sketch  Map  of  the  North  Island,  of  New  Zealand^  showing 
area  affected  by  the  Eintption  of  10th  June,  1886.  (Scale 
200  miles  to  1  inch.) 


^^^1    Tarawera  ash.  ^^^1    Botomahana  ash. 

at  the  bottom,  which  had  melted  the  snow  all  round  for  40  feet, 
although  about  lOO  feet  above  the  water  there  was  a  fringe  of  ice. 
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The  next  day  a  large  column  of  steam,  100  feet  high,  ascended  from 
the  crater.  No  earthquakes  are  recorded  in  the  neighhourhood 
during  the  whole  of  this  time.  Between  Euapehu  and  Taupo  lies 
ToDgariro,  the  principal  cone  of  which,  Ngauruhoe,  as  well  as  two 
other  smaller  cones  to  the  north,  constantly  emit  steam.  Ngauruhoe 
was  in  active  eruption  on  July  6,  1870. 

Ahout  130  miles  N.N.E.  of  Tongariro  is  White  Island,  or  Waikari, 
in  the  Bay  of  Plenty  (fig.  1).  It  is  a  solfatara,  860  feet  high,  and  sur- 
rounded hy  water  1200  feet  deep  half  a  mile  from  its  shore.  Between 
them  is  a  zone,  20  or  30  miles  hroad,  abounding  in  solfataras,  mud 
Tolcanoes,  fumaroles,  geysers,  and  hot  springs,  which  has  been 
called  the  Taupo  zone  by  Dr.  von  Hochstctter.  The  scene  of  the 
recent  eruption  is  in  the  centre  of  this  zone,  about  halfway  between 
Tongariro  and  White  Island. 

Mt.  Tarawera  stands  on  the  eastern  side  of  the  lake  of  the  same 
name.  It  is  a  flat-topped  ridge  about  three  miles  long  and  nearly 
half  a  mile  broad,  surrounded  by  rocky  precipices,  rising  abruptly 
from  a  plateau  and  sending  out  a  long  spur  to  the  north-east,  as 
well  as  a  shorter  one  to  the  south.  The  highest  point  of  the  ridge 
is  3609  feet  above  the  sea  and  is  called  Ruawahia ;  immediately  to 
the  north  is  a  col,  about  500  feet  deep,  which  separates  from  the 
main  part  of  the  ridge  a  smaller  and  rather  lower  portion  called 
Wahanga.  The  southern  peak  of  the  ridge,  that  which  looks  over 
Botomahana,  is  called  Tarawera  by  the  Maories,  but  it  is  only  one 
end  of  the  ridge  of  which  Ruawahia  is  the  other,  and  Europeans 
generally  apply  the  name  Tarawera  to  the  whole  mountain,  including 
Wahanga.  It  presented  no  appearance  of  being  a  recent  volcano  ; 
there  was  no  crater  on  the  top,  which  seems  to  have  undergone 
extensive  denudation ;  and  the  Maories  have  no  tradition  of  its 
ever  having  shown  signs  of  activity. 

Botomahana  was  some  two  or  three  miles  south  of  Tarawera  (fig.  2). 
It  was  a  shallow  lake,  about  a  mile  long  and  a  quarter  of  a  mile  broad, 
surrounded  by  numerous  fumaroles  and  hot  springs  among  which 
were  the  famous  White  and  Pink  Terraces.  It  drained  into  Lake 
Tarawera  by  the  Kaiwaka  stream.  Its  height  above  the  sea  is 
given  by  Hochstetter  as  1088  feet.  A  little  to  the  north-east  of 
Kotomahana,  under  the  spur  from  Mt.  Tarawera,  was  a  small  lake 
called  Botomakiriri,  on  the  shores  of  which  were  curious,  circular 
crater-rings  *.  About  two  and  a  half  miles  south-west  of  Rotoma^ 
hana  is  another  small  lake  called  Okaro  ;  it  lies  immediately  under 
Kakaramea,  a  pointed  hill  formed  of  fumarole  clays  (decomposed 
rhyolite)  from  the  sides  of  which  steam  constantly  escapes ;  but 
there  were  no  hot  springs  in  Okaro. 

The  rocks  found  in  the  district  are  all  volcanic,  chiefly  rhyolite, 
which  is  generally  the  stony  variety  called  liparite,  but  occasionally 
it  is  vitreous.  South  of  Botomahana,  however,  and  probably  on  the 
southern  slopes  of  Mt.  Tarawera,  a  dark- coloured  augite-andesite 
occurs.  Near  the  hot  springs  the  rocks  are  all  decomposed  into  soft 
fumarole  clays,  white,  red,  yellow,  and  grey  in  colour. 
*  Hoohstetter's  *  New  Zealand/  p.  419,  and  figure. 
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Fig.  2. — Map  of  the  country  around  Tarawera  Volcaiw  after  the 
Eruption  of  lOth  June,  1886.     (Scale  5  miles  to  1  inch.) 
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Account  of  the  Eruption. 

Earthquakes  of  a  local  character,  hut  sometimes  severe,  have 
occasionally  heen  felt  in  the  Tarawera  distriot  ever  since  Europeans 
have  inhabited  the  country ;  but  during  the  last  few  months  they 
had  become  much  more  frequent,  not  enough  so,  however,  to  excite 
alarm  or  even  to  arouse  a  suspicion  that  anything  unusual  was  going 
to  happen.  Although  Euapehu  had  been  seen  to  steam,  Tonga- 
riro  and  White  Island  remained  in  their  ordinary  condition.  The 
hot  springs  at  the  Kotorua  had  been  gradually  declining  in  volume 
and  temperature  ;  but  this,  as  well  as  the  low  level  of  the  lake,  was 
no  doubt  due  to  the  exceptionally  dry  season  that  had  passed. 
At  the  end  of  May  a  wave,  said  to  be  a  foot  or  eighteen  inches  high, 
crossed  Lake  Tarawera ;  it  was  unaccompanied  by  an  earthquake, 
and  to  this  day  remains  unaccounted  for.  On  Monday,  7th  of  June, 
a  party  of  excursionists  from  Wairoa  visited  Botomahana  accompanied 
by  the  well-known  guide  Sophia,  and  they  reported  nothing  unusual 
there.  Wednesday  was  fine  at  llotorua,  but  showery  at  Wairoa, 
and  the  night  was  fine  and  calm  everywhere. 

At  about  12.30  a.k.  on  the  10th,  earthquakes  commenced,  slight 
at  first,  but  gradually  increasing  in  intensity,  when  at  1.15  a.k. 
Wahanga  broke  out  with  a  vivid  flash  of  light  followed  by  loud 
explosions ;  only  a  small  cloud  was  seen,  which  appears  to  have 
subsided  and  all  was  again  quiet.  At  1.45  a.k.  the  main  eruption 
commenced  with  a  roar  from  Euawahia,  and  a  black  column,  glowing 
with  reflections  from  red-hot  rocks  below,  shot  upwards.  At  2.10 
A.M,  a  violent  earthquake  occurred,  and  Tarawera  (proper)  exploded 
with  a  deafening  noise,  sending  up  a  broad  si«am-column.  At  2.80 
the  whole  mountain-top,  from  Tarawera  to  Wahanga,  was  apparently 
on  fire,  throwing  out  immense  quantities  of  red-hot  scoria.  The 
steam-column,  which  was  at  first  continuous  all  along  the  mountain, 
separated  into  seven  or  more  distinct  portions,  and  the  huge  black 
doud  spread  slowly  out  from  the  top  in  the  well-known  mushroom 
shape.  Forked  lightning,  blood-red  in  colour,  flashed  from  the 
column,  while  the  edges  of  the  spreading  doud  glittered  and  sparkled 
with  innumerable  electrical  scintillations,  making,  together  with 
the  rocket-like  showers  of  red-hot  stones,  a  scene  which  is  described 
as  marvellous  in  the  extreme. 

At  2.30  A.H.  another  and  quite  distinct  column  of  steam,  a 
quarter  of  a  mile  in  breadth,  sprang  from  the  ground  far  to  the 
west  of  Mt.  Tarawera.  As  seen  from  the  hill  behind  Ohinemutu, 
on  Lake  llotorua,  this  column  went  straight  up  to  the  west  of  the 
hill  called  Moerangi,  and  consequently  it  must  have  been  in  the 
direction  of  Kakaramea.  In  Wairoa  also  it  was  thought  that 
Eakaramea  had  broken  out ;  but  it  is  now  known  that  the  most 
southern  and  western  crater  is  two  miles  north  of  Kakaramea.  This 
column  of  steam  must  therefore  have  come  from  what  are  known  as 
the  Okaro  craters,  between  Kotomahana  and  Kakaramea.  At  3.30  a 
series  of  violent  earthquakes  commenced,  which  lasted  till  6  a.ic. 
It  was  then  that  Botomahana  exploded,  throwing  out  a  column  of 


Digitized  by  LjOOQ IC 


182  CAPT.  p.  W.  HUTTOK  OH  THB 

Bteam  wliich  ont-topped  that  from  Mt.  Tarawera  and  obscured  it. 
No  shower  of  red-hot  Btones  accompanied  this  explosion  ;  the  cloud 
appeared  quite  black  except  where  relieved  by  lightning-flashes  from 
the  column  and  electrical  coruscations  round  the  margin. 

The  sounds  now  were  frightful ;  even  at  Botorua,  15  miles  distant, 
it  was  necessary  to  shout  as  loud  as  possible  in  order  to  be  heard 
two  yards  o£f.  Mixed  with  the  deafening  roar  of  escaping  steam 
were  loud  explosions  from  underground,  and  long  rolls  of  thunder 
from  above,  as  well  as  a  hissing  noise  caused  by  the  solid  particles 
in  the  air  rubbing  together.  So  continuous  were  the  lesser  noi?es 
that,  near  the  scene  of  eruption,  the  louder  explosions  were  not  noticed, 
although  the  earthquakes  caused  by  these  explosions  are  said  to  have 
occurred  at  Wairoa  very  regularly  every  ten  minutes.  But  while 
the  lesser  noises  were  soon  dissipated,  the  loud  explosions  travelled 
far,  being  heard  at  Auckland  and  even  at  Blenheim,  230  miles  away. 
The  red-hot  stones  ejected  from  Mt.  Tarawera  were  distinctly  seen 
at  Gisbome,  75  miles  off,  and  must  therefore  have  risen  more  than 
1500  feet  above  the  top  of  the  mountain.  At  Wairoa  hot  stones 
and  scoria  began  to  fall  at  about  2.30  a.m.  At  3  a.v.  icy-cold  mud 
came  down,  the  weight  of  which  caused  the  roof  of  Mr.  Hazard's 
house  to  give  way  at  3.40,  and  that  of  McRae's  Hotel  at  4.30.  This 
mud  fell  until  past  5  a.ic.,  and  was  followed  by  fine,  dry,  flour-like 
ash,  which  continued  until  9  a.k. 

Meanwhile  the  black  cloud  swept  away  to  the  east  and  to  the 
north.  From  7  to  9  am.  total  darkness  prevailed  along  the  east 
coast  from  Tauranga  to  the  East  Cape,  while  ash  continued  to  fall 
until  the  afternoon. 

The  crisis  was  over  at  5.30  a.m.,  the  most  violent  period  lasting 
for  three  hours  only  ;  but  the  rapidity  of  the  decline  differed  much 
in  the  craters  on  the  mountain  and  those  on  the  plain. 

At  10  A.v.  on  the  10th  of  June,  the  eruption  from  the  mountain 
was  confined  to  the  south  end,  or  Tarawera  proper,  and  this  con- 
tinued very  active  until  midnight;  but  on  the  morning  of  the  11th 
all  was  quiet,  small  steam-jets  only  issuing  along  the  ridge.  The 
eruption  from  the  moimtain,  therefore,  lasted  less  than  24  hours. 

The  craters  on  the  plain,  at  Botomahana  and  Okaro,  continued 
throwing  up  immense  volumes  of  steam  with  some  stones  and  mud, 
although  with  gradually  diminishing  force.  On  Sunday  the  13th, 
the  column  of  steam  was  calculated  by  Mr.  Humphries,  Surveyor,  at 
New  Plymouth  to  reach  22,000  feet  above  the  top  of  the  mountain 
and  to  be  1 1  or  2  miles  broad ;  but  this  of  course  does  not  accurately 
measure  the  violence  of  the  eruption.  Sufficient  energy  continued 
in  these  craters  to  enable  them  to  eject  stones  for  about  ten  days, 
although  most  of  them  were  thrown  to  small  heights  and  fell  back 
again  into  the  craters.  Since  then  they  have  slowly  decreased,  but 
large  volumes  of  steam  are  still  emitted  from  Botomahana  and  can 
be  seen  for  many  miles  around. 

No  steam  was  noticed  from  either  Buapehu  or  Tongariro  on 
the  morning  of  the  10th ;  but  on  the  12th  and  13th  Tongariro  was 
steaming  as  usuaL    No  change  whatever  appears  to  have  occurred 
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at  White  Island  during  or  after  the  eruption.  The  hot  springs  at 
Waiiakei^near  Taupo,  are  described  as  being  in  an  extraordinary  state 
of  actiyity  on  the  10th  ;  while  during  the  eruption  many  new  ones 
broke  out  at  Ohinemutu,  and  the  temperature  of  most  of  the  old  ones 
was  raised.  Also  during  the  eruption  the  shore  of  Lake  Eotx)rua, 
from  Ohinemutu  to  Eotorua,  sank  several  inches,  this  being  probably 
due  to  the  earthquakes  causing  a  settlement  of  the  land  round  the 
old  springs. 

The  earthquakes  which  accompanied  the  eruption,  although  de- 
scribed as  violent,  did  very  little  damage ;  but  they  appear  to  have 
been  stronger  in  a  south-west  and  north-east  direction  than  towards 
the  north-west.  In  Ateamuri  on  the  Waikato,  which  is  28  miles  from 
Tarawera,  a  tumbler  was  thrown  from  a  box,  and  at  Taupo,  38  miles 
distant,  bottles  were  broken  on  a  shelf.  Nothing  more  violent  than 
this  seems  to  have  taken  place  at  Wairoa,  only  5  or  6  miles  off ; 
while  at  Eotorua  nothing  was  knocked  down,  and  a  brick  chimney 
20  feet  high  has  sustained  no  damage  whatever.  No  earthquakes 
were  felt  at  Lichfield  or  at  Oxford,  although  they  were  felt  acutely 
at  Taoranga  and  Maketu  on  the  coast. 

Results  of  the  Eruption  (see  fig.  2). 

The  openings  in  the  ground  formed  during  the  eruption  have,  as 
yet,  been  only  hastily  examined ;  and  although  Mt.  Tarawera  has 
been  ascended  and  Botomahana  has  been  walked  round,  no  accurate 
survey  has  been  made,  consequently  our  knowledge  of  what  has 
happened  is  incomplete  and  must  remain  so  until  the  summer.  The 
following  account  is  founded  on  my  own  observations  round  three 
sidee  of  the  mountain  and  on  photographs  which  have  been  taken 
from  many  places,  including  the  summit  of  Mt.  Tarawera. 

A  large  open  fissure  about  four  miles  long  and  600  feet  broad 
mils  along  the  top  of  the  ridge  from  Wahanga  to  Buawahia  and  then 
descends  on  the  western  side  of  Tarawera  to  the  plain.  Another  fissure 
exists  on  the  eastern  side  of  Tarawera,  but  it  is  uncertain  whether 
these  fissures  join.  There  is  also  a  large  crater  on  the  southern 
end  of  Tarawera,  probably  connected  with  this  second  fisflure.  A 
comparison  of  photographs  of  the  mountain,  taken  from  Wairoa  and 
from  near  Te  Ariki  before  and  after  the  eruption,  shows  that  there 
is  no  appreciable  change  in  the  outline  of  Wahanga;  Tarawera 
Peak  looks  also  much  as  it  was  before  the  eruption,  but  along  the 
ridge  between  Tarawera  and  Buawahia  the  accumulations  from  the 
fissure  have  slightly  changed  the  outline,  although  no  cone  has  been 
formed.  These  accumulations  are  said  by  Mr.  Percy  Smith's  party, 
who  ascended  the  mountain  on  the  2dth  July,  to  be  about  100  feet 
in  thickness. 

Botomahana  is  much  enlarged  and  has  now  precipitous  walls 
about  150  feet  high,  the  whole  of  the  sinter  terraces  having  been 
blown  away.  The  bottom  is  covered  with  mud,  in  which  are 
several  circular  holes  either  emitting  steam  or  filled  with  water. 
On  the  northern  part  there  is  a  large  crater-ring  occupying  the  site 
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of  Botomakiriri  and  the  White  Terraces.  Between  it  and  Kt. 
Tarawera  a  new  lake  has  been  formed,  with  precipitous  sideSy  about 
a  mile  in  length  and  a  quarter  of  a  mile  broad^  but  of  irregular 
outline ;  whether  this  lake  is  connected  with  Botomahana  or  not,  I 
do  not  know.  Between  the  northern  end  of  the  new  lake  and  the 
southern  end  of  the  western  fissure  on  Mt.  Tarawera  is  another 
crateriform  hollow,  which  is  not  connected  with  the  lake  or  with  the 
fissure.  South  of  Botomahana,  in  the  vaU^  of  the  Haumi,  are  the 
Okaro  craters.  There  appear  to  be  six  or  seven  of  them,  situated  on 
a  line  which  curves  round  to  the  south  towards  Kakaramea.  These 
are  not  connected  by  a  fissure.  They  are  flat-edged,  more  or  less 
cylindrical  holes,  in  which  the  surface  rocks  can  often  be  seen,  and 
none  of  them  has  thrown  up  a  cone  more  than  a  few  feet  high. 
The  first,  or  southern  crater,  is  two  miles  from  Kakaramea  and 
has  been  estimated  by  Mr.  Percy  Smith  at  250  yards  long  by 
100  wide  and  120  deep ;  the  sides,  however,  are  falling  in,  and  it 
will  soon  become  conical.  The  third  crater,  called  the  Black 
Grater,  is  divided  into  two  by  a  narrow  ridge  of  old  rock  which  has 
been  left ;  it  is  situated  at  the  foot  of  a  low  hill,  and  when  seen 
from  a  distance,  in  certain  directions,  this  hill  looks  like  a  scoria 
cone.  Prom  this  deceptive  appearance  it  has  been  called  Mt. 
Hazard ;  but  the  hill  is  part  of  the  old  surface,  although  of  course 
covered,  like  the  rest  of  the  neighbourhood,  by  several  feet  of  ash 
and  stones. 

Products  of  the  Eruption. 

The  materials  ejected  are  of  two  kinds,  augite-andesite  and 
rhyolite,  and  each  is  in  both  the  compact  and  the  vesicular  state. 

The  Augite^ndesiUy  when  compact,  is  greyish  black,  vesicular  in 
places,  and  with  opaque,  white,  angular  fragments  of  decomposed 
rhyolite  or  felsit^.  It  is  an  andesite  lava  that  has  overflowed 
and  included  rhyolite ;  S.  G.s=2-67.  The  ground-mass  is  a  brown 
glass  with  magnetite  globulites,  and  it  contains  numerous  felspar 
laiha  which  show  no  fluxion-structure,  except  that  they  are  arranged 
round  the  white  rhyolite  fragments  parallel  to  their  sides.  One 
slide  showed  a  quartz  crystal  broken  across  and  faulted.  In  the 
vesicular  state  it  is  black  scoria,  very  opaque ;  but  in  thin  edges 
near  the  vesicles  it  is  seen  to  be  a  yellowish- white  glass  full  of  glass- 
inclusions,  globulites,  and  other  impurities.  In  contains  fragments 
of  quartz  as  well  as  of  rhyolite.  I  saw  one  broken  crystal  with 
aggregate  polarization,  probably  partially  decomposed  hornblende. 

The  Bhyolite  is  of  two  kinds.  The  first  is  a  pale-grey,  stony  rock 
with  abundance  of  quartz  grains,  fragments  of  a  white  mineral  like 
kaolinized  felspar,  and  some  pyrites.  The  ground-mass  is  opaque, 
but  when  very  thin  is  seen  to  be  crypto-crystalline,  probably  a 
devitrified  glass.  It  contains  abundance  of  quartz  and  fragments 
of  decomposing  sanidine  with  aggregate  polarization  in  which 
occasional  traces  of  Carlsbad  twinning  are  recognizable.  There  is 
also  a  green  mineral  with  aggregate  polarization,  probably  horn- 
blende, and  magnetite  or  ihnenite.     With  reflected  light  the  base  is 
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white  streaked  with  green.  This  decomposed  rhyolite  is  a  very 
common  surface-rock  in  the  district.  The  second  kind  is  a  soft, 
dead-white,  fine-grained,  compact  rock,  with  minute  black  specks  of 
hornblende  or  black  mica,  and  crystals  of  pyrite,  as  well  as  occasional 
small  grains  of  quartz.  The  gronnd-mass  is  a  white  glass,  with 
innumerable  smaU  glass-inclusions,  which  are  pale  pinkish  violet  by 
transmitted  light.  It  contains  quaxtz,  pyrites,  and,  rarely,  sanidine 
not  twinned.  The  vesicular  state  of  these  rocks  is  white  glassy 
pumice  with  quartz  grains  more  or  less  abundantly  developed. 

Erom  the  mountain  came,  chiefly,  vesicular  fragments  of  pumice 
and  scoria,  the  latter  in  much  larger  quantities  than  the  former. 
Many  of  the  fragments,  even  those  of  small  size,  are  composed  partly 
of  pumice  and  partly  of  scoria  with  well-deflned  junctions.  The 
ash  that  accompanied  these  fragments  is  pale  brownish  grey,  and 
contains  much  white  and  brown  glass  as  well  as  quartz,  sanidine, 
plagioclase,  augite,  and  what  appears  tx>  be  a  weakly  pleochroic  brown 
hornblende. 

From  the  craters  on  the  plaius  came  angular  fragments  of 
compact  rocks  and  lapilli,  chiefly  rhyolite,  without  any  pumice  or 
scoria.  The  ash  that  accompanied  them  is  pale  French-grey,  and 
contains  much  devitrifled  glass  and  abundance  of  quartz  with 
occasionally  sanidine,  plagioclase,  and  green  augite. 

The  different  ejectamenta  are,  of  course,  mixed  together ;  but  still 
a  difference  in  distribution  can   be  made  out.     That  from  the 
mountain  spread  to  the  south-west  only  as  far  as  Eakaramea,  but 
along  the  coast  it  extends  from  Eatikati  on  the  north,  to  Tolago  Bay 
on  the  east.     It  is  tolerably  evenly  spread,  the  heavier  scoria  at  the 
bottom  aud  the  lighter  ash  at  the  top,  and  thins  out  very  gradually. 
On  the  £aingaroa  plains,  about  ten  miles  south-east  of  Mt.  Tarawera, 
the  thickness  of  the  depofdt  is  five  or  six  inches;   while   at  the 
Southern  Cross  Petroleum  Co.'s  works,  near  the  Waiapu   Eiver, 
between  89  and  90  miles  distant,  it  is  one  inch  thick,  but,  of 
course,  much  finer.     This  ash  fell  dry,  and  it  was  warm  for   a 
distance  of  eighteen  miles  from  the  mountain.    The  compact  rocks 
from  the  craters  on  the  plains  were  not  thrown  more  than  two  or 
three  miles,  and  the  ash  is  much  more  limited  in  its  distribution 
than  that  from  the  mountain.     On  the  south-west  it  went  to  the 
base  of  Eakaramea  ;  to  the  west  it  follows  nearly  the  same  line  as 
that  from  Tarawera,  while  its  easterly  limit  lies  through  the  east 
end  of  Botoiti  to  Maketu,  but  it  gradually  passes  into  the  deposit 
from  the  mountain.     Bound  the  craters  it  fell  hot  and  dry,  but 
farther  off  as  intensely  cold  mud,  almost  freezing  ;  and  further  off, 
again,  it  fell  as  dry  dust.    The  mud  seems  to  have  fallen  in  pellets 
more  or  less  rounded.     I  collected  some  of  these  out  of  the  trees  at 
Pakaraka,  near  Botokakahi ;  they  were  of  all  sizes  up  to  an  inch  in 
diameter,  and  some  had  a  small  piece  of  scoria  in  the  centre.    They 
must  have  formed  in  the  air  like  rain-drops.     One  of  them  had  a 
leaf  halfway  through  it,  which  it  had  knocked  off  in  its   fall, 
proving  that  it  was  not  frozen  hard.     On  the  morning  when  the 
mud  fell  there  was  a  severe  frost,  and  it  fell  so  hard  that  it  was 
Q.  J.  G.  S.  No.  170.  o 
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easy,  even  for  horses,  to  walk  over  it ;  but  it  soon  got  soft,  owing 
probably  to  thawing.  This  mnd  deposit  thins  out  very  rapidly,  the 
thickest  portion  forming  an  oval,  from  Lake  Okaro  to  beyond 
WaitAngi,  ten  or  twelve  miles  long  and  hye  or  six  broad  (see  fig.  2). 
Beyond  this  to  the  north  it  thins  out  gradually,  and  it  did  not  fall 
as  mud  much  beyond  Taheke.    The  following  table  shows  this : — 

Distance  from  Thickness  of 

Botomahana.  Deposit, 

miles.  inches. 

Papawera  Plateau 2  J  39 

Wairoa    6  30 

Taheke    18  2} 

Tauranga    43  1 

Mayor  Island 63  J 

Alderman  Islands   90  | 

These  differences  between  the  two  deposits  are  due  to  the 
difference  in  the  amount  of  water-vapour  accompanying  the  different 
eruptions.  The  steam  from  the  openings  on  the  mountain  was  com- 
paratively small  in  quantity  and  did  not  fall  as  rain,  being  dissipated 
in  the  atmosphere ;  the  ash  was  thus  widely  and  evenly  spread  by 
the  wind.  The  enormous  volumes  of  steam  which  escaped  from  the 
craters  on  the  plains  condensed  in  the  higher  r^ons  of  the 
atmosphere  into  rain-drops,  which,  in  their  fall,  brought  down  large 
quantities  of  ash  that  otherwise  would  have  been  carried  further. 

Bound  the  craters  the  deposit  varies  from  10  to  50  feet,  but 
appears  to  be  very  irregular ;  for  Prof.  Thomas  informs  me  that  east 
of  the  new  lake,  at  the  foot  of  Tarawera,  the  Manuka  {LepUh- 
gpermum)  is  not  covered,  and  the  thickness  is  not  much  more  &an 
six  inches. 

At  Wairoa  there  are  two  layers  of  scoria  separated  by  several 
inches  of  mud,  the  lower  of  the  layers  resting  on  the  ground,  and 
the  whole  covered  by  about  two  feet  of  mud.  These  two  scoria- 
layers  no  doubt  mark  two  outbreaks  from  the  mountain,  probably 
when  the  two  fissures  were  formed.  The  last  outbreak  must  have 
taken  place  between  3  and  3.30  a.m.,  or  just  before  the  explosion  of 
Botomahana;  it  seems  therefore  likely  that  the  western  fissure, 
which  runs  towards  Botomahana,  was  formed  at  that  time,  or  about 
an  hour  and  a  quarter  after  the  eastern  fissure. 

The  ash  began  to  fall  at  the  Southern  Cross  Petroleum  Co.'s 
Works  near  Waiapu,  at  4.20  a.m.,  and  at  the  East  Cape  at  5  a.m., 
at  Botoma  and  Botoiti  at  4  a.m.,  while  it  was  not  noticed  at  Tauranga 
until  5.30  A.U. ;  so  that  it  passed  much  more  rapidly  to  the  east 
than  to  the  north.  It  ceaseid  at  Botoiti  at  10  a.u[.,  and  at  Waiapu 
between  10  and  11  a.m.  ;  but  along  the  coast  of  the  Bay  of  Plenty 
it  continued  to  fall  until  the  afternoon.  The  correct  time  is, 
however,  uncertain ;  for,  being  dry,  the  wind  blew  it  up  in  clouds. 
The  night  was  generally  calm,  but  at  Waiapu  a  strong  N.W.  wind 
was  blowing.  At  3  a.m.  at  Wairoa  a  S.W.  gale  commenced,  which, 
between  4  and  6  A.if .,  extended  all  over  the  eastern  part  of  the 
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Korth  Island  as  a  southerly  or  south-westerly  gale.  The  spread  of 
the  deposit  seems  therefore  to  he  due  to  the  ash  from  Mt.  Tarawera 
haying  heen  thrown  into  an  upper  stratum  of  air  where  the  wind 
was  westerly,  and  this  wind  changed  afterwards  to  the  south.  The 
eruption  from  the  plains  did  not  hegin  until  later,  and  it  was  spread 
by  the  southerly  wind  only. 

Cause  of  the  Eruption. 

The  immediate  cause  of  the  eruption  of  Tarawera  was,  no  doubt, 
the  reheating  of  the  old  lava-streams  of  the  mountain  which  were 
pieyiously  saturated  with  water.    The  proofs  of  this  are  : — 

(1)  A  complete  series  can  be  made  from  compact  andesite,  with 
finagments  of  decomposed  rhyolite,  to  the  same  rock  highly  yesicular 
but  still  showing  fragments  of  the  quartz  of  the  rhyolite. 

(2)  A  similar  series  can  be  made  from  decomposed  rhyolite  to 
quartzose  pumice. 

(3)  The  Black  Crater  threw  out  blocks  of  compact  andesite-lava 
which  had  oyerflowed  rhyolite,  the  two  being  intimately  connected 
at  the  line  of  junction,  but  not  passing  one  into  the  other.  A 
similar  intimate  connexion  of  scoria  and  pumice  is  seen  in  fragments 
ejected  from  Mt.  Tarawera ;  and  it  is  hardly  possible  that  the  same 
intimate  connexion  between  two  similar  rocks  could  have  been 
brought  about  in  two  different  ways. 

(4)  It  follows,  therefore,  that  the  scoria  and  pumice  are  remelted 
andesite  and  rhyolite  lava-streams.  However,  some  of  the  scoria 
may  have  had  a  deep-seated  origin,  as  it  does  not  always  contain 
pumice. 

This  reheating  must  have  taken  place  locally  in  the  mountain  and 
not  very  far  from  the  surface,  as  the  reheated  rocks  have  undergone 
atmospheric  decomposition.  It  could  not,  I  think,  have  been  due  to 
crashing,  because  (1)  the  earthquakes  preceding  the  eruption  were 
not  violent,  many  people  both  at  Wairoa  and  Eotoma  not  being 
awakened  until  after  the  eruption  had  commenced.  And  (2)  as 
several  millions  of  tons  of  rock  have  been  fased  and  ejected,  it 
follows,  according  to  the  Rev.  0.  Pisher  *,  that  several  tens  of 
millions  of  tons  must  have  been  crushed  and  not  fused.  This 
unfosed  rock  was  certainly  not  ejected  with  the  fused,  and  the  open 
fiflsure  on  the  top  of  the  mountain  shows  solid  rock  on  each  side. 
There  is  therefore  no  evidence  of  this  enormous  quantity  of  crushed 
bat  unfused  rock,  and  for  other  well-known  reasons  its  existence  is 
highly  improbable. 

The  only  possible  hypothesis  seems  to  be  that  molten  rock  came 
up  from  below  into  the  mountain  and  heated  the  surface-rocks; 
and  this  is  rendered  more  probable  by  the  fact  that  Ruapehu  has 
al8o4)een  lately  heated  up  without  any  earthquakes  having  been 
felt.  The  cause  of  the  ascent  of  the  molten  rock,  wheti^er  by 
ooduded  vapour  or  by  pressure  caused  by  movement  of  the  earth's 

*  '  Phyucs  of  the  Earth's  Crust/  p.  230. 

o2 


Digitized  by  LjOOQ IC 


188  CAPT.   p.  W.  HUTTOK  OK  THE 

crust,  need  not  be  here  considered ;  for  I  do  not  see  that  the  present 
enipiion  throws  any  new  light  on  the  question. 

The  eruptions  that  took  place  on  the  plains  were  only  hydro- 
thermal  in  character^  no  great  heat  being  developed.  They  followed 
the  eruption  of  the  mountain  and  were,  no  doubt,  caused  by  the 
earthquakes.  Their  position  shows  that  they  are  in  some  way 
connected  with  the  fiissure  on  the  mountain,  but  they  cannot  be 
directly  connected  with  it ;  for,  if  that  had  been  the  case,  they 
would  have  ejected  scoria  like  the  mountain,  and  the  explosion  of 
Botomahana  would  probably  have  preceded  that  of  ^e  Okaro 
craters.  Probably  molten  rock  was  injected,  as  a  dyke,  into  the 
fissure  below  the  surface,  and  the  earthquakes  caused  the  surface- 
water  to  approach  this  dyke  sufficiently  close  to  be  heated  and 
flashed  into  stetoi.  These  explosions,  therefore,  furnish  evidence 
that  water  cannot  find  its  way  to  molten  rook  by  means  of  open 
fissures. 

Discussion. 

The  Frbsidbrt  spoke  of  the  value  of  the  descriptive  portions  of 
Mr.  Martin's  paper.  He  had  enjoyed  great  opportunities  of  observa- 
tion, and  the  series  of  photographs  sent  over  by  him  was  of  extreme 
interest.  As  regards  the  theoretical  portion  of  the  paper,  there 
was  room  for  some  difference  of  opinion.  Mr.  Martin  had,  how- 
ever, based  his  theory  on  the  study  of  similar  structures  in  different 
stages  of  growth. 

Beferring  to  Oapt  Hutton's  paper,  he  said  that  tiie  New-Zealand 
geologists  had  shown  great  energy  in  studying  the  eruption. 
Dr.  Hector  started  at  once ;  some  of  his  photographs,  taken  at  an 
early  stage  of  the  eruption,  along  with  maps  and  specimens,  were  on 
the  table.  Captain  Hutton  came  somewhat  later,  and  among  his 
discoveries  were  the  augite-andesites  which  were  found  associated 
witii  the  prevailing  rhyoUtes.  He  was  rather  disposed  to  regard 
the  latter  as  quartz-dacites.  He  referred  to  the  differences  of 
Qpinion  as  to  the  origin  of  the  eruption. 

Prof.  Sbblst  regretted  that  Mr.  Palmer,  who  was  on  the  spot  at  the 
time  of  the  eruption,  a^'  whose  travelling  companion  was  killed 
under  a  crushed  roof,  could  not  be  present.  His  views  were  slightly 
different  from  tiiose  of  Capt.  Hutton ;  there  was  no  eruption  seen  of 
scoriae  and  stones,  nothing  but  grey  volcanic  ash  and  fine  mud  covering 
the  country.  At  the  earliest  moment  possible  after  the  eruption 
Mr.  Palmer  reached  Botomahana,  which  was  empty,  but  boiling 
and  spouting  at  the  bottom.  He  considered  that  the  Terraces  had 
probably  been  blown  away,  but  that  their  sites  were  covered  up  by  mud 
and  hidden  by  steam.  The  water  of  the  lake  had  gone  to  furnish 
some  of  the  steam  which  had  issued  from  Tarawera.  There  was  no 
evidence  of  the  outburst  being  a  true  volcanic  eruption. 

The  Pbxsidsnt  considered  that  Mr.  Palmer  might  not  have  been 
in  the  best  possible  position  for  ascertaining  the  effect  of  the  erup. 
tion  In  feet  there  were  two  eruptions ;  of  the  one  from  the  moun- 
tain the  scoriae  are  sent  by  Capt.  Hutton.    Those  first  on  the  spot 
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would  see  nothing  of  these,  as  they  were  coyered  up  by  the  finer 
ejection.  Dr.  Hector  considered  that  the  stones  thrown  out  were 
liot  bnt  not  molten.  There  can  be  no  doubt  that  the  sites  of  the 
Terraces  are  gone,  for  Dr.  Hector  says  that  fragments  of  sinter  are 
abundant  in  the  materials  ejected  from  Botomahana,  and  this  is 
confirmed  by  the  microscope.  Capt.  Hutton  contested  the  purely 
hydrothermal  naturo  of  the  eruptions  from  the  mountains. 
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15.  Etioekge  0/  Glacial  Actiok  in  the  Carbonifebous  and 
Hawkesbubt  Sektbb,  New  South  Wales.  By  T.  W.  Edg- 
woRTH  David,  Esq.,  F.G.S.    (Head  February  9, 1887.) 

LfTT&ODUOTOBT. 

The  series  of  rocks  in  New  South  Wales  which  are  coal-bearing, 
or  intimately  connected  with  the  coal-bearing  division,  and  are 
referable  to  the  Mesozoic  and  Palseozoic  eras,  have  been  classed  pro- 
visionally by  the  Government  Geologist,  Mr.  C.  8.  Wilkinson,  F.G.8., 
FX.S.,  &c.,  as  follows  :— 

{Freshwater. 
700  feet  thick. 

{Fresh  water. 
800  to  1000  feet  thick. 


Mesozoic. 


Triassic. 


I  9.  Wianamatta  series. 


[8.  Hawkesbury  series. 


Passage  beds. 


Permian. 


7.  Clarenoe  series,  indud- 1 

ing  the  Narrabeen  V  Fresh  water, 
series.  J 


«  /  Upper  coal-measures. 
\  Fresh  water. 


r6.  Newcastle  series 

U  Bast  MaitUnd  »rie.-  {^^:""»«^ 


Pa]ffiozoic. ' 


Oarboniferous. 


/" 4.  Upper  Marine  series*"    Branzton  series. 

8.  Greta  series 

2.  Lower  Marine  series. 
^^  1.  JApidadendron-Beri&B  =    Fresh  water. 


r  Lower  Ooal-measiiies. 
\  Fresh  water. 


Evidence  of  ice-action  has  been  observed  in  the  Carboniferous 
Marine  series  (No.  4),  and  phenomena  which  appear  to  be  referable 
to  a  similar  agency  in  the  Hawkesbury  series  (No.  8). 

I.  CAEBOivrFEBors  Glacial  Beds. 

References  hy  previous  observers  to  Oladal  Beds  of  Carhonifenms 
age  in  Australia. 

The  first  description  of  boulder-beds  in  New  South  Wales,  so  far 
as  I  am  aware,  is  that  given  by  the  late  Dr.  T.  Oldham*,  quoted  by 
E.  D.  Oldham  in  the  *  Eecords  of  the  Geological  Survey  of  India,'  voL 
zix.  part  i.  1886,  p.  43.  With  reference  to  the  Carboniferous 
marine  beds  at  Wollongong,  Dr.  Oldham  says : — "And  still  further, 
many  of  the  lower  beds  of  the  Australian  group,  there  so  abundantly 
rich  in  marine  fossils,  are  very  similar  to  many  of  the  beds  in  the 
Indian  Talchfr  series.     There  is  the  same  mixture  of  pebbles  and 

*   Mem.  QeoL  Sunr.  India,  toL  iii.  p.  209. 
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large  rolled  masses  in  a  matrix  of  fine  silt ;  and  much  of  this  silt  is 
of  exactly  the  same  peculiar  bluish-green  tint  so  characteristic  of 
these  beds  in  this  country,  and  which  when  once  seen  can  never  be 
Btistaken/'  &c. 

Dr.  Oldham,  howeyer,  does  not  suggest  a  glacial  origin  for  this 
formation.  The  next  account  of  Carboniferous  (?)  Boulder-beds  is 
that  given  by  the  late  Sir  E.  Daintree  in  his  '  Beport  on  the  Geology 
of  the  District  of  fiallan,'  Melbourne,  1866,  page  10,  where  he 
describes  part  of  the  Bacchus-Marsh  beds  in  Victoria  as : — ''  Strata 
mainly  composed  of  fine  mud,  dotted  throughout  with  various-sized, 
generally  rounded,  pebbles,  and  those  pebbles  mostly  unknown  in 
the  vicinity,  and  some  not  yet  seen  in  place  as  far  as  the  Geological 
Bnrvey  has  extended  a  minute  examination."  Some  of  the  granite 
boulders  are  stated  to  be  over  a  ton  in  weight,  and  to  be  imbedded 
in  soft  mud. 

The  first  suggestion  of  the  possibility  of  ice  having  played  some 
part  in  the  formation  of  these  rocks  was  made  in  the  same  Export  by 
Sir  £.  Daintree ;  and  his  views  therein  expressed  are  upheld  by  Dr. 
A.  R.  C.  Selwyn,  F.R.S.  &c.,  then  Director  of  the  Geological  Survey 
in  Victoria,  in  "Notes  on  the  Physical  Geography,  Geology,  and 
Mineralogy  of  Victoria,"  published  at  Melbourne  in  the  Official 
Catalogue  of  the  Intercolonial  Exhibition,  1866-1867,  page  16. 
The  passage  reads  as  follows : — ''  The  character  of  the  conglomerate 
beds  before  mentioned  near  Darley  and  on  the  Wild  Duck  Creek 
is  such  as  almost  to  preclude  the  supposition  of  their  being  due  to 
purely  aqueous  transport  and  deposition.  It  is,  however,  very 
suggestive  of  the  results  likely  to  be  produced  by  marine  glacial 
transport ;  and  the  mixture  of  coarse  and  fine,  angular  and  water- 
worn,  material,  much  of  which  has  clearly  been  derived  from  distant 
sources,  would  also  favour  this  supposition.  Grooved  or  ice-scratched 
pebbles  or  rock  fragments  have,  however,  not  yet  been  observed." 

The  next  mention  of  ice-action  in  Carboniferous  rocks  in  Aus- 
tralia is  made  by  Mr,  E.  L.  Jack,  F.G.S.,  Government  Geologist 
of  Queensland,  in  his  Eeport  on  the  Bowen-river  Coalfield,  dated 
November  23, 1878  (printed  in  Brisbane,  1879),  page  7.  In  the 
middle  (marine)  series  he  describes  conglomerate  beds,  chiefly 
occurring  in  the  lower  part  of  the  series,  as  follows : — '<  The  included 
pebbles  are  generally  of  granite,  slate,  schist,  quartzite,  and  other 
metamorphic  rocks,  with  a  few  of  porphyrite.  The  pebbles,  which 
are  not  always  well  rounded,  have  a  remarkable  tendency  to  arrange 
themselves  in  groups  in  some  of  the  conglomeratic  sandstone  beds — 
a  disposition  which  may  possibly  be  owing  to  their  having  been 
dropped  in  heaps  from  the  floating  roots  of  trees,  but  much  more 
likely  &om  floating  ground-ice.  Large  isolated  boulders  of  granite 
ftc.  occur  here  and  there  in  the  midst  of  strata  of  fine  sandy  or 
muddy  material.  These  could  hardly  have  been  brought  to  their 
present  positions  except  by  glacial  action." 

The  marine  fossils  associated  with  these  beds  prove  them  to  be 
homotaxial  with  the  Wollongong  beds  described  by  Dr.  Oldham, 
and  of  true  Carboniferous  age.    But  it  is  doubtful  whether  they  can 
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be  correlated  with  the  Bacchua-Marsh  glacial  beds,  the  only  fossil 
found  in  the  latter  being  Qangamapterts^  a  plant  of  doabtful  geolo- 
gical horizon. 

In  1884  Mr.  C.  S.  Wilkinson  examined  the  Upper  Marine  Coal- 
measures  (No.  4  in  the  table)  in  the  neighbonrhood  of  Branxton, 
near  Maitland,  and  observed  in  the  road-cutting  west  of  the  railway 
station  a  very  coarse  conglomerate  containing  large  subangular 
boulders  of  clay-slate  and  other  rocks  foreign  to  the  district,  which 
he  considered  to  be  erratics ;  no  ice-scratches,  however,  were  at  that 
time  noticed. 

It  was  reserved  for  Mr.  E.  D.  Oldham,  A.E.S.M.,  Deputy 
Superintendent  of  the  Geological  Survey  of  India,  on  a  visit  to  the 
Colony  in  1885,  to  make  the  important  discovery  of  the  presence  of 
boulders  and  pebbles,  unmistakably  striated  and  polished  by  ice,  in 
a  railway-cutting  at  Branxton,  close  to  the  spot  where  the  erratics 
were  first  found  by  Mr.  Wilkinson.  Mr.  Oldham  has  described  i^ese 
beds  in  the  *  Becords  of  the  Geological  Survey  of  India,'  vol.  xix. 
part  i.  1886,  page  44.  The  marine  faima  associated  with  this 
formation  shows  it  to  be  homotaxial  with  the  Bowen-river  and 
Wollongong  beds. 

Carboniferous  Olacidl  Beds  at  Orass^ree. 

Since  this  discover}'  by  Mr.  Oldham,  the  author,  when  commen- 
cing a  survey  of  the  Northern  Coal-field  of  New  South  Wales  in 
1886,  found  another  extensive  glacial  deposit,  probably  of  the  same 
age,  at  Grass-tree,  near  Musdebrook,  28  miles  north-westerly  from 
Branxton.  A  fine  section  of  the  Carboniferous  glacial  beds  is  exposed 
here  in  the  railway-cutting,  showing  them  to  extend  for  at  least  a 
mile  horizontally,  and  to  have  a  thickness  of  not  less  than  30  feet. 

The  deposit  here  consists  of  reddish-brown  to  greenish-brown 
shales,  and  is  crowded  with  round  and  subangular  fragments  of  rock, 
from  pebbles  no  larger  than  marbles  up  to  blocks  j  ton  in  weight. 

The  matrix  in  wluch  the  boulders  are  imbedded  is  a  fine  calcareous 
sandy  shale,  reddish  to  rusty  brown  near  the  surface,  and  passing  at 
a  depth  of  15  feet  first  into  a  pale  greenish  brown,  then  into  a 
leaden  grey.  At  intervals  of  from  3  to  20  yards  spherical  concre- 
tions from  i  to  2  feet  in  diameter,  as  round  as  cannon-balls,  occur 
in  the  shale.  When  broken  open  these  are  found  to  be  composed 
at  a  nucleus  of  carbonate  of  Ume  surrounded  by  a  shell  of  shale 
partly  cemented  by  calcareous  matter. 

From  the  surface  downwards,  for  about  15  feet,  there  is  an 
appearance  in  the  shale  suggestive  of  bedding,  but  due  probably  to 
tiie  formation  of  ferruginous  bands  in  the  shale  through  tho  perco- 
lation of  surface-water  carrying  iron  in  solution.  Lenticular  patches 
of  gravel  may  be  obeerved  in  places  filling  contemporaneously  eroded 
hollows ;  but  stratification,  if  it  exists,  is  not  strongly  marked. 

Most  of  the  boulders  in  the  beds  are  more  or  less  rounded, 
angular  fragments  being  rare.  Their  shape  is  very  irregular,  but 
generally  one  end  is  more  pointed  than  the  other,  and  as  a  rule 
their  outlines  are  less  convex  than  those  of  water-worn  pebbles. 
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Ho6t  of  the  stones  presented  the  appearance  of  having  been  ground, 
and  showed  a  dull  polish,  and  many  exhibit  well-marked  striss. 
The  proportion  of  the  boulders  possessing  the  requisite  grain, 
hardness,  and  durability  to  receive  and  preserve  delicate  ice- 
Bcratches  was  small  as  compared  with  the  number  unfitted  for  such 
purpose.  Those  which  are  most  decidedly  striated  are  dark  clay- 
stones,  fine-grained  quartzites,  and  slates.  These  are  scratched  on 
the  top,  bottom,  and  sides.  The  strisB,  although  plainly  visible, 
aie  not  deeply  cut,  and  no  grooves  were  observed.  Most  of  the 
boulders  are  partially  covered  with  a  thin  crust  of  carbonate  of  lime, 
the  derivation  of  which  is  obvious  from  the  calcareous  nature  of  the 
shales.  The  largest  specimen  of  the  glaciated  blocks  exhibited  was 
found  by  the  author  firmly  bedded  in  shale  at  a  depth  of  15  feet 
from  the  surface.  The  other  specimens  were  a]so  obtained  in  position. 
The  largest  boulders  are  those  of  day-slate,  granite,  and  apHte. 

The  following  is  a  list  of  the  different  varieties  of  rooks  observed  to 
occur  as  boulders  in  the  shale : — quartz  and  felspar-porphyry ;  clay- 
slate  ;  dark  felspar-porphyry  or  porphyrite  ;  quartz-felsite,  frequentiy 
showing  fiuxion-structure ;  quartzite,  reddish  brown,  greenish 
brown,  and  dark  blue  with  iron  pyrites ;  quartz ;  black  quartz  (?) ; 
coarsely  crystalline  quartz  and  felspar-porphyry ;  felsite;  diorite  (?); 
dayetone;  shale;  felspathic  quartzite;  granite;  aplite;  gneissic 
granite ;  chloritic  quartz-porphyry ;  decomposed  vesicular  trap  and 
hornblende-schist. 

The  nearest  parent  rock  from  which  some  of  the  boulders  could 
have  been  derived  is  about  30  miles  distant. 

The  largest  boulder  measures  3  feet  x  1  foot  4  inches  x  7  inches. 
The  beds  have  such  a  fresh  appearance  that  when  viewed  from  a 
short  distance  they  might  eaisily  be  mistaken  for  Pleistocene 
moraines.  No  evidence  as  to  their  total  depth  could  be  obtained 
at  Orass-tree.  At  Branxton,  however,  Mr.  Wilkinson  roughly 
estimates  their  thickness  at  not  less  than  1000  feet. 

Fossils  were  not  found  by  the  author  in  the  Grass-tree  beds,  but 
there  is  stratigraphical  evidence  for  correlating  them,  provisionally, 
with  those  at  Brsmxton. 

At  present,  all  that  can  be  truly  stated  is  that,  at  Branxton, 
gladal  beds  exist  of  undoubted  Carboniferous  age,  and  similar  beds, 
presumably  of  the  same  age,  at  Grass-tree.  The  coarse  marine  con- 
glomerates of  the  lower  Goal-measures,  near  Wallerawang  in  the 
western  coal-field,  containing  large  smooth  blocks  of  Devonian 
quartzite,  are  believed  by  Mr.  WiMnson  to  be  also  partiy  of  glacial 
origin. 

IL  Probable  Iok-aciiok  nr  the  Tbiassic  Hawkesbttrt  Series. 

Two  phenomena  observed  in  the  rocks  of  the  Hawkesbury  series 
appear  to  indicate  that  ice  was  present,  to  a  certain  extent,  during 
their  deposition. 

These  are : — 

{1.  Disrupted  angular  fragments  of  shale. 
2.  Contemporaneously  contorted  current-bedding. 
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1.  Disrupted  Angular  Fragments 
of  Shale. 

The  first  mention  of  evidence 

of  ice-action  in  New  South  Wales 

.  was  made  by  Mr.  Wilkinson,  in 

^  connexion  with   certain    appear- 

^  ances  in  the  shale  beds  interstra- 

^  tified  with  the  sandstones  of  the 

gl  Hawkesbury   series,  in   a    paper 

^  read  before  the  Royal  Society  of 

^  New  South  Wales,   December  4, 

^  1879    (see    Transactiona    of  the 

§  Royal  Society  ofNew  South  Wales, 

t  .      *.  vol.  xiii.  p.  106, 1880.) 

§^  He  makes  the  following  state- 

^  ment : — "  In  the  sections  exposed 

1^  in  the  quarries  at  Port  Macquarie, 

^  W  oolloomooloo,  Flagstaff  Hill,  and 

^  other  places,  may  be  seen  angular 

^  boulders  of  the  shale  of  all  sizes 

.-s"  up  to  20  feet  in  diameter,  em- 

0  bedded  in  the  sandstone  in  a  most 
^  confused  manner,  some  of  them 
!j  standing  on  end  as  regards  their 
^  stratification,  and  others  inclined 
^  at  all  angles.  They  contain  the 
4  same  fossil  plants  that  are  found 
C  in  the  beds  of  shale  from  which 
h  they  have  evidently  been  derived. 

<S  These     angular    boulders     occur 

^  nearly  always  immediately  above 

,g  the  shale  beds,  and  are  mixed  with 

,2  very  rounded  pebbles  of  quartz; 

1  they  are  sometimes  slightiy  curved 
^  as  though  they  had  been  bent 
"§  whilst  in  a  semi-plastic  condition, 
^  and  the  shale  beds  occasionally 
^  terminate  abruptly,  as  though 
•§  broken  off.  Had  the  boulders  of 
^  soft  shale  been  deposited  in  their 
J  present  position  by  running  water 
^  alone,  their  form  would  have  been 
*=>  rounded  instead  of  angular.      It 

.|  would  appear  that  the  shale  beds 

■§  must  have  been  partly  disturbed 

^  by  some  such  agency  as   that  of 

moving  ice,  the  displaced ,  frag- 
ments of  shale  becoming  com- 
mingled with  the  sand  and  rolled 
pebbles  carried  along  by  the  cur- 
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rents,  •  .  .  These  boulder  accumulations  occur  in  irregular  patches 
apparently  throughout  the  Hawkesbury  series.'' 

This  series  is  ixesh  water  or  estuarine,  classed  on  stratigraphical 
and  pakeoph3rtological  grounds  as  Triassic,  and  cannot  therefore  be 
corrdated  with  the  Wollongong  or  Bowen-river  series. 

2.  ConUmporaneoudy  cotUorted  Currentrhedding. 

The  author  is  not  aware  that  any  description  has  yet  been  pub- 
lished of  this  remarkable  structure,  so  frequently  seen  in  the  curreni>- 
bedded  sandstones  of  this  series.  The  nature  of  this  structure  is 
shown  on  the  accompanying  figure  (p.  194).  That  the  crumpling  of 
the  beds  was  contemporaneous  is  evident  from  the  undisturbed 
character  of  the  overlying  current-bedded  sandstones. 

The  contortions  have  evidently  been  caused  by  some  extensive 
lateral  thrust,  such  as  would  be  produced  by  the  grounding  of 
floating  ice ;  but  more  extended  observation  will  be  necessary  ere 
this  can  be  demonstrated. 

Note. 

lu-action  in  Siluro-Devonian  beds  in  New  South  Wales. 

Two  miles  north  of  the  town  of  Temora,  Mr.  Wilkinson  reports 
the  occurrence  of  gold-bearing  conglomerates,  which  he  believes  are 
of  Siluro-Devonian  age.  The  boulders  are  much  rounded,  polished, 
and  in  some  cases  striated.  The  blocks  consist  chiefly  of  quartz 
imbedded  in  a  clayey  base ;  the  largest  have  a  diameter  of  4  feet. 

DlBCUSSION. 

Mr.  Cbutiwbll  dieseDted  from  Mr.  David's  dassiflcation  of  the 
Australian  Coal-beds.  He  thought  the  Wianamatta  and  Hawkes- 
buy  beds  equal  the  Mymyddyslwyn  and  Pennant  beds  (Upper 
Carboniferous)  of  South  Wales.  He  considered  the  appearance  of 
glacial  action  due  to  agencies  still  prevalent  in  Australia,  such  as 
the  effect  of  melting  snow  and  floods  in  the  higher  Cordillera. 

Frof.  Born  Dawkiks  considered  the  evidence  required  further 
inquiry.  Striated  pebbles  were  not  alone  sufficient  evidence  of 
glacial  action,  they  might  be  produced  by  earth-movements  after  the 
consolidation  of  rocks.  The  speaker  could  see  nothing  distinctly 
glacial  in  the  specimens  exhibited. 

He  also  sympathized  witli  the  doubts  expressed  by  the  last 
speaker  as  to  the  classification  of  the  rocks  adopted  by  Mr.  David. 
He  could  detect  no  break  in  the  sequence,  and  he  had  found  Olos- 
sopteris  to  the  west  along  with  Lepidodendroid  plants  of  Mount 
Yietoria. 

One  of  the  specimens  on  the  table  was  from  Old  Bed  Conglo- 
merate, striated  by  earth-movements.  He  asked  for  information 
about  the  Punjab  specimens  exhibited.  They  had  a  singularly 
artificial  appearance. 

Mr.  GooncHHJ)  said  the  stone  from  the  Upper  Old  Bed  was  firom 
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Ciimberland,  and  was  an  example  of  stiiation  produced  after  the 
rock  had  been  consolidated. 

Dr.  Blaitfobd  gave  an  account  of  the  boulder  from  the  Punjab 
Olive  Bed  on  the  table,  and  pointed  out  that  the  occurrence  of  large 
blocks  in  fine  shales  had  been  first  noticed,  and  this  observation  had, 
in  both  India  and  Australia,  been  followed  by  the  discovery  of  stri- 
ated surfaces. 

The  marine  beds  described  by  Mr.  B.  Oldham  could  not  have 
been  formed  by  fioods  or  violent  water-action,  for  the  shales  con- 
taining the  boulders  held  imbedded  delicate  bivalves,  with  both 
valves  united,  and  fine  FenestellcB;  the  boulders  must  have  been 
transported  by  a  different  agency  from  the  fine  sediment. 

Prof.  Seblbt  admitted  the  difficulty  of  judging  the  fragments  ex- 
hibited without  seeing  the  sections.  He  could  see  no  evidence  of 
glacial  action  in  the  specimens  exhibited,  and  thought  that  similar 
partly  angular  blocks  might  be  gathered  on  any  coast  where  the 
difis  were  formed  of  rocks  of  like  character.  He  had  never  seen  a 
glaciated  fragment  similar  to  that  exhibited  from  the  Punjab.  The 
unworn  edges  of  the  facets  could  scarcely  have  remained  uneroded 
if  produced  by  glacial  action.  They  had  no  resemblance  to  wind- 
worn  faces. 

Eev.  E.  Hill  said  the  Punjab  boulder  might  have  shifted  its 
position  in  the  bottom  of  a  glacier.  However,  ice  does  not  neces- 
sarily imply  a  glacial  age. 

Mr.  BuTLET  agreed  with  the  last  speaker  that  the  stone  in  ques- 
tion might  have  been  fficeted  and  scored  by  the  action  of  ice. 

The  PBESiDEirr  regretted  the  absence  of  Mr.  David,  but  called 
attention  to  the  photographs  sent  by  him  as  illustrating  the  nature 
of  the  beds  in  which  l£ie  blocks  occur. 
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16.  Further  Notes  on  the  Besults  of  some  Deep  Bobinqs  in  Ebht. 
By  William  Whtcaxeb,  B.A.,  F.G.S.,  Assoc.  Inst.  G.£.  (Bead 
Januaxy  12, 1887.) 

[13ie  firesh  infonnAtion  giren  in  this  paper  is  oommunioated  by  permiflsion  of 
the  Director  General  of  the  Ghologloal  Survey.] 

Contents. 

Introductory  Remarks. 

The  Chattenden  Boring. 

The  Dover  Convict-Pruon  Boring. 

New  Boring  at  Strood. 

Boring  at  Lydd. 

Intbobitctoby  Bemabks. 

The  primary  object  of  my  paper  read  to  the  Society  in  1886  *  was 
to  describe  the  boring  at  Chatham,  which  had  reached  Oxford  Clay ; 
bat  the  paper  was  extended,  to  include  other  borings  in  Kent  which 
had  passed  throngh  the  Chalk,  and  had  not  been  brought  to  the 
notice  of  geologists. 

Sin<»  then  further  and  fuller  information  has  come  to  hand  with 
r^;ard  to  two  of  these  borings,  and  another  deep  work  has  been 
carried  through  the  Chalk  and  the  Gault  into  the  Lower  Greensand. 

I  have  thought  it  well  therefore  to  send  this  supplementary  paper 
to  the  Society,  especially  as  one  of  the  borings,  at  Dover,  has  now 
thrown  fresh  light  on  that  important  and  interesting  subject,  the 
underground  geology  of  the  London  Basin.  It  was  originally  meant 
to  incorporate  these  notes  with  others^  descriptive  of  deep  borings  in 
Surrey ;  but  as  those  borings  are  not  yet  finished,  and  as  there  is  a 
special  interest  in  the  Dover  boring,  it  seems  better  to  let  the  Surrey 
borings  stand  over,  and  to  place  the  new  Kentish  information  in  the 
hands  of  the  Society  at  once. 

With  regard  to  the  doubt  as  to  the  depth  of  the  second  Chatham 
boring,  expressed  on  p.  30,  it  should  be  noted  that  whilst  this  depth 
is  lightly  made  965  feet  from  the  gu/rfaee,  yet  it  is  only  963^  from 
the  point  from  which  the  measurements  were  made,  the  coping- 
level  being  18  inches  below  the  surface.  20|  feet  therefore  would 
seem  to  be  the  right  thickness  of  Oxford  Clay  pierced. 

•   Quart.  Joom.  Gteol.  Soc.  vol.  ilii.  pp.  26-48,  pi.  iii.    Four  errors  in  this 

Saper  have  been  noticed  on  the  wrapper  of  the  May  No.  of  the  Society's 
ounial  (1886) ;  but  they  may  be  repeated  here  with  three  others : — 
P.  29,  line  8  from  foot,/<w  460  read  45. 
P.  30,  lines  9, 10  from  foot,  for  **  below  the  450  feet  that  was  dug,"  read 

**  below  450  feet." 
P.  85,  line  5  from  foot,  for  "  180  "  read  "  280." 
P.  47.  line  15,/or  "  third  "  read  *'  half." 

P.  47,  line  16,  for  "  2640  "  read  "  1760 ; "  and/<?f  "  double  "  read  "  treble." 
PL  iii.  heading,  for  "  S.S.B."  read  «  S.S.W." 
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Thb  Cbattesdes  Bosuro. 

Since  the  publication  of  my  paper  the  boring  at  the  Ghattenden 
Barracks,  northward  of  Chatham,  has  been  successfully  finished. 
I  ventured  to  say  that  some  60  feet  more  (than  the  1103  already 
sunk  through)  should  reach  the  bottom  of  the  Gault,  but  that  de- 
sirable result  happened  in  only  59  feet  I  did  not,  however,  predict 
the  finding  of  Lower  Greensand  here,  seeing  that  there  was  so  little 
thereof  farther  south  at  Chatham ;  but  Lower  Greensand  has  been 
found,  and  has  yielded  the  wished  for  water. 

Having  visited  the  site,  seen  some  specimens,  and  got  further 
details  from  Capt.  W.  W.  Bobinsoo,  It.E.,  who  had  chai^  of  the 
work,  and  who  has  described  its  progress  *,  I  am  now  enabled  to 
amplify  the  last  two  lines  of  the  former  account,  as  below. 


Depth 

in  feet. 

290 


972? 


1162 


Oluxttenden  Boring.    Details  below  the  Tertiary  Beds, 

ThidcufiBS 
in  feet. 

Tertiary  beds  (as  before) 290 

Ohalk.  Specimens  of  claTeT  chalk  (probably  Chalk  Marl) 
at  890,  905,  920,  and  940  feet  No  springs  foand. 
Base  not  noted.  Presumable  thickness,  judging  by 
the  Chatham  sections,  say 680  or  682 

€lault,  with  some  pyrites.  Specimens,  lieht-coloured  clay 
at  1100  and  1130,  the  latter  with  Inoceramus;  just 
above  1140  a  Bostellaria;  at  1140  a  phosphatic  no- 
dule, with  the  cast  of  the  whorls  of  an  Ammonite ; 
about  1140  a  small  phosphatic  nodule,  chiefly  an 
Ammonite ;  at  1142  dark  grey  clay.  For  the  last  few 
feet  the  clay  was  dark,  but  with  green  ^;rains.  About 
9  inches  of  rock  at  the  bottom  (speomien  of  phos- 
phatic nodule,  from  1161  feet) ?  about  192  or  190 

The  chisel  then  dropped  3  feet,  and  water  quickly  rose  to 
about  107  feet  below  the  surface,  some  greenish  sand 
being  brought  up  in  the  first  ebullition.  Presumably 
therefore  the  Lower  Greensand  was  touched.  Sand 
rose  about  60  feet  up  the  tube,  and  a  specimen  of  the 
earth  being  removed  (in  February  1886)  consisted  of 
a  mixture  of  Gault  clay  with  some  green  sand. 

When  the  bottom  of  the  tube  was  cleared  out,  and  the  tubes 
were  driven  down  into  the  sand»  the  water  rose  to  within  100  feet 
of  the  surface. 

The  almost  exact  correspondence  of  the  total  thickness  of  the  Chalk 
and  the  Gault,  872  feet,  with  the  same  total  at  Chatham,  where  well 
no.  1  gives  the  figures  878,  and  well  no.  2  the  figures  875,  is  note- 
worthy. 

The  presence  of  the  Lower  Greensand  here  shows  that  in  my 
section  (Quart.  Joum.  Geol.  Soc.  vol.  xlii.  pi.  iii.),  that  formation 
should  have  been  carried  a  little  further  nordi. 

*  'The  Boyal  Engineen'  Journal/  vol.  xri.  no.  188,  pp.  161»  152  (July  1, 
1886). 
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The  Dotse  Conyiot-Pbisov  Bobiko. 

Since  the  reading  of  my  paper  the  Dover  horing  has  been  carried 
a  few  feet  deeper,  and  has  been  abandoned  from  want  of  success  in 
finding  water.  I  have  yisited  the  site,  in  company  with  Major 
Beamish,  E.E.,  who  had  charge  of  the  prison-works,  and  secured  a 
number  of  good  specimens  of  the  bottom-clays. 

The  few  small  specimens  previously  to  hand  seemed  of  rather 
doubtful  character,  partly  by  reason  of  the  attempted  personation 
therein  of  fossils,  llie  abundant  material  since  to  hand,  however^ 
disposes  of  any  doubt  as  to  the  bond  Jide  character  of  the  earlier 
specimens,  which  is  satisfactory. 

The  new  specimens  themselves  may  hardly  have  been  thought 
satisfactory  by  my  colleagues,  Mr.  G.  Sharman  and  Mr.  E.  T. 
Newton,  who  carefully  examined  them;  for,  after  washing  and 
sifting  pieces  of  many  of  these,  they  arrived  at  a  negative  result. 
They  could  find  no  sign  of  fossils,  save  for  a  solitary  specimen  of 
a  Botalia.  Whether  this  was  really  in  place  in  the  bottom-clays, 
or  had  been  carried  down  into  them  by  the  borii^-tool,  is  a  question 
not  worth  debating. 

As  we  can  get  no  information  from  fossils,  we  must  turn  to  the 
oft-abused  lithologioal  character  of  the  specimens  for  guidance,  and 
in  this  case,  I  think,  with  some  result.  Before  taking  up  this  subject, 
however,  some  corrections  may  be  made  in  the  classification  of  the 
beds  in  my  former  paper. 

In  the  first  place,  there  can  be  little  doubt  that  the  three  beds,  of 
a  total  thickness  of  five  feet,  doubtfully  classed  as  the  top  of  the 
Lower  Grreensand  are  really  the  clayey  greensand  and  nodule-bed 
that  form  the  base  of  the  Gault. 

In  the  second  place,  the  lowest  bed  bracketed  with  the  Lower 
Greensand,  though  with  doubt,  is  shown  by  specimens  to  belong 
instead  to  the  underlying  series. 

The  taking  away  of  these  18  feet  of  beds  from  the  Lower  Green- 
sand  leaves  Uiat  formation  with  a  thickness  of  31  feet  only,  and  it 
will  be  of  some  interest  to  make  out  what  divisions  of  that  formation 
are  present.  At  the  outcrop,  some  miles  to  the  S.W.,  we  have  four 
divisions : — ^the  Atherfield  Clay,  at  the  bottom,  nearly  50  feet  thick, 
much  in  excess  of  the  usual  thickness  in  Kent ;  the  Hythe  Beds, 
about  60  feet ;  the  Sandgate  Beds,  here  reaching  a  thickness  of  about 
80  feet,  though  usually  much  less ;  and  the  Folkestone  Beds,  90  feet 
thick,  at  the  top. 

Beginning  with  the  lowest  of  these,  here,  as  at  Chatham,  there  is 
no  sign  of  the  marine  Atherfield  Clay.  The  two  borings  also  agree 
in  the  absence  of  anything  like  the  sandy  calcareous  mass  of  the 
Hythe  Beds.  When  examining  specimens  from  the  lower  part  of 
the  Dover  Lower  Greensand,  it  struck  me  that  I  had  seen  something 
of  the  same  sort  amongst  the  Chatham  specimens,  and  on  turning  to 
these  it  was  found  that  the  two  sets  exactly  agreed  in  character,  as 
far  as  regards  the  bottom  eleven  feet  or  so ;  for,  on  putting  the 
specimens  side  by  side,  it  was  impossible  in  some  cases  to  see  the 
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Blightest  difference  between  them,  and  in  no  case  was  there  any 
notable  distinction.  We  may  fairly  conclude  therefore  that  this  part 
of  the  Dover  section  should  be  classed  with  the  Sandgate  Beds,  as 
was  done  in  the  Chatham  case. 

Whilst  at  Chatham,  however,  these  compact  clayey  sands  are 
overlain  by  looser  sand,  like  that  of  the  Folkestone  Beds,  at  Dover 
the  upward  continuation  of  the  Lower  Greensand  is  still  in  clayey 
sands,  though  differing  in  colour  from  those  alluded  to  above,  and 
there  seems  to  be  nothing  representative  of  the  sandy  Folkestone 
Beds.  It  seems  fair  therefore  to  conclude  that  we  have  here  the 
Sandgate  Beds  alone,  especially  as  these  are  thicker  at  the  neigh- 
bouring outcrop  than  to  the  west,  although  that  division  of  the 
Lower  Greensand  is  the  most  inconstant  of  all  along  the  outcrop  in 
Kent,  as  well  as  in  Surrey. 

B«tuming  to  the  beds  below  the  Lower  Greensand,  a  little  mistake 
in  the  published  account  should  be  put  right.  A  very  small  speci- 
men of  one  of  the  days  is  described  as  *'  mixed  with  chalky  matter." 
It  contained  some  white  specks,  which,  from  their  appearance,  were 
taken  to  be  calcareous.  When  the  larger  and  better  set  of  specimens 
was  examined,  this  was  found  to  be  a  wrong  inference ;  for  the 
peculiar  white  earth,  of  which  there  was  plenty,  gave  no  sign  of 
effervescence  when  dilute  hydrochloric  add  was  poured  on  it :  the 
acid  simply  soaked  in. 

On  a  like  test  being  applied  to  various  Cretaceous  and  Jurassie 
marine  days  a  very  different  result  followed :  as  would  be  expected, 
they  all  gave  clear  signs  of  containing  calcareous  matter. 

In  view  therefore  of  the  possibility  of  these  clayey  beds  being  of 
Wealden  age,  a  possibility  which  had  been  already  alluded  to,  it 
was  desirable  to  examine  specimens  of  Wealden  clays.  Unluckily 
our  rock-coUection  at  Jermyn  Street  was  very  poor  in  this  particular, 
and  it  was  not  until  after  some  time  that  I  was  able  to  make  the 
needful  examination. 

It  having  occurred  to  me  that  Mr.  G.  Maw  was  likdy  to  have  a 
good  collection  of  clays,  I  applied  to  him,  and  he  was  kind  enough 
to  send  me  twenty-two  spedmens  from  Wealden  beds.  These  may 
be  divided  into  three  sets. 

Firstly,  three  specimens  of  Weald  clay.  One  of  these  was  from 
a  Paludina-hed,  another  was  from  a  bed  that  rested  on  the  Horsham 
Stone,  and  the  third  came  from  between  layers  of  that  stone.  Under 
these  circumstances  it  is  not  surprising  that,  in  all,  effervescence 
ensued  on  the  application  of  hydrochloric  acid. 

Secondly,  eight  specimens  of  Wealden  days  from  Dorsetshire, 
none  of  which  caused  effervescence.  Ab,  however,  these  were  not 
like  our  Dover  days,  we  may  pass  them  by. 

Thirdly,  ten  specimens  from  the  Ashdown  Series,  at  and  near 
Hastings.  These  showed  various  points  of  likeness  to  the  bottom 
beds  of  the  Dover  boring :  none  of  them  caused  effervescence  with 
hydrochloric  acid ;  some  of  them  had  the  same  whitish  colour  and 
the  same  very  fine  texture ;  altogether  they  reminded  one  of  the 
Dover  specimens,  and  I  feel  no  doubt  that  the  beds  there  reached 
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belong  to  the  Hastings  Beds.  To  say  that  they  belong  to  the  Ash- 
down  Series,  the  lowest  diyision  of  these,  might  be  rash,  as  like  beds 
occur  more  or  less  throughout;  but  at  any  rate  there  is  a  great  pro- 
bability that  they  may  do  so. 

With  the  fresh  information  acquired  both  from  specimens  and 
from  notes,  for  which,  in  both  cases,  I  have  to  thank  Mr.  R.  D. 
Batchelor,  the  well-sinker,  I  am  enabled  to  give  the  following  much 
fuller  account  of  the  beds  below  the  Chalk  in  this  important 
section : — 


Tol 


Gaiilt,  143  feet. 


Lower  €hr«en- 
aand.  The  lower 
part  (and  pro- 
baUv  the  whole) 
Sandgste  Beds. 


Wealden. 

Probably 

^HaatinnBeds, 


a  J.  Q.  s. 


Thiokneai 
in  feet 
of  Chalk.    Specimen  of  clayey  chalk  at  6S0  feet 

''  Gkiult.  Specimens,  grey  sandy  clay  at 
721 ;  grey  sandy  clay  with  green 
srains  at  800  (both  calcareous) ; 
light-greenish  sandy  clay  or  dayey 
sand  at  813  ;  phosphatio  nodules, 
depth  not  marked.  At  the  site  there 
is  plenty  of  the  ordinary  dark  grey 
clay,  sometimes  with  green    grains, 

and  phosphatio  nodules    138 

Rocky  dead  green  sand     1 

Dead  men  sand    2 

.Hard  boulder-rock  (?  nodules)     2 

^Dead  green  sand.  Specimens,  green 
dayey  sand  at  822 ;  very  fine-grained 
greenish  olayey  sand  at  826;  fine 
greenish-erer  clayey  sand,  or  sandy 
day,  at  881 ;  a  set  of  fine-grahied 
grey  or  brownish-crey  sandy  days  or 
clayey  sands,  at  SS^  840,  841,  844, 
846, 847,  and  848,  compact  and  exactly 
like  the  meemens  from  the  Chatham 
boring  {'m  to  9^  feet)    31 

''Black  sand  and  clay.  Specimens, 
brownish-grey  day,  rather  sandy,  at 
856  and  858 ;  brownish  and  grey  clay 

at  862 13 

Brown  Clay.  Specimens,  brownish-grey, 
rather  sandy  clay  at  864 ;  grey  and 
brown  day,  with  specks  of  pale  yery 
fine  sand ;  brown  and  brownish-grey 
clay  at  875;  grey  clay,  with  pale 
yery  fine  sandy  epedka  (not  chalky, 
as  was  thought  from  the  small  sped- 

men  first  seen)   17 

Dark  sand  and  day.    Spemmens,  brown 

and  grey  day,  one  slightly  sandy,  the 

other  with  pale  specks  (as  aboye)    ...        1^ 

Bock.    All  broken  up,  no  spedmen  got. 

[Below  this  the  account  difiers  from 

that  published  before.] ^ 

Light-brown  clay.  Sped  mens,  brown 
and  grey  clay  at  882 ;  brown  clay  at 
884;  grey  day  at  885;  grey  and 
brown  day  at  886 ;  brown  day,  and 
grey  clay  with  specks  of  pale  fine 
sand,  at  888;  grey  day  at  890  (rather 
sandy)  and  893 13 

No.  170.  I 


Depth 

in  feet 

675 


813 
814 
816 
818 


849 


862 


879 

880^ 

881 

894 
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Wealden 
(continued). 


ThickneflB 
in  feet. 

Dark  clay  with  pyrites.  Specimens, 
grey  day  at  896  and  898 4 

Hard  dark  clay.  Specimens,  grey  olav 
at  899,  900,  901,  and  983,  some  with 
pale  sandy  specks 7 

Brown  day.  Spedmens,  grey  clay  at 
906;  pale  grey  pipe-clay,  with  pale 
yery  fine-grained  sandy  lumps,  the 
whole  wmtiah  and  oEdcareous  in 
appearance,  but  not  so  really  6 

Dhrk  day,  with  ra^-boulders.  (?  Some 
error  here,  specimen  at  913  being  of 
whitish  earth,  like  the  last ;  ?  former 
account  more  correct.)  Spedmens, 
grey  day,  with  light-coloured  patches, 
at  915 ;  grey  clay  at  917  (one  piece 
sandy)  and  918 14 

Very  lightrcoloured  day  5 

Darker  day.  A  small  spedmen,  marked 
937  (?  should  be  927),  is  light-grey 
day,  rather  sandy  ?   1 


Depth 
in  feet. 

898 


905 


911 


925 
930 


931 


On  comparing  the  Dover  section  with  that  of  Chatham  (described 
in  my  former  paper),  we  see  that  the  undergound  thinning  of  the 
Lower  Cretaceous  beds  has  gone  farther  at  the  latter  place  than  at  the 
former,  except  as  regards  the  Lower  Greensand,  which  is  41  feet 
thick  at  Chatham,  where  two  divisions  (the  Folkestone  Beds  and  the 
Sandgate  Beds)  are  represented,  whilst  at  Dover  we  have  but  31 
feet,  of  Sandgate  Beds  only. 

At  Chatham,  however,  all  the  Cretaceous  beds  below  this  have 
vanished  altogether,  neither  Weald  Clay  nor  Hastings  Beds  having 
been  found ;  but  at  Dover  the  latter  series  occurs,  for  the  first  time 
in  any  of  the  deep  borings  in  the  London  Basin,  and  has  not  yet 
been  pierced  through. 

In  drawing  my  transverse  section,  through  Chatham,  the  Hastings 
Beds  were  shown  as  thinning  out  before  the  Weald  Clay,  that 
seeming  to  be  the  more  likely  event.  The  reverse  is  now  proved 
to  be  the  case  at  Dover,  and  this  may  hold  at  Chatham  also. 

The  absence  of  the  Weald  Clay  is  perhaps  less  remarkable  at 
Dover  than  at  Chatham,  for  whilst  the  thickness  at  the  outorop 
south  of  the  latter  place  seems  to  be  about  600  feet,  Mr.  Topley 
remarks  that  ^*  we  have  at  present  no  means  of  estimating  the 
thickness  of  the  clay  further  east  [than  the  neighbourhood  of 
Maidstone],  but  it  probably  thins  regularly  in  that  direction,  and 
may  not  be  more  t^an  350  feet  thick  near  Hythe"*,  the  nearest 
outcrop  to  Dover,  which  place,  moreover,  is  still  further  eastward. 

It  may  be  of  use  to  notice  here  the  probable  thickness  of  the 
various  divisions  of  the  Hastings  Beds  at  the  outcrop  south-west  of 
Dover.  These  are  as  follows,  beginning  at  the  top  : — The  Tunbridge 
WeUs  Sand,  150  feet  or  more ;  the  Wadhurst  Clay,  perhaps  100  feet ; 

*  "  The  Geoloffy  of  the  Weald,"  to  which  Memoir  I  am  indebted,  also,  for 
the  thickness  of  the  diyisions  of  the  Lower  Greensand  given  aboye,  and  of  the 
divisions  of  the  Hastings  Beds. 
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and  the  Ashdown  Beds  about  160  feet — or  in  all  more  than  400  feet. 
We  should  expect,  of  course,  an  underground  thinning  towards 
Dover,  so  that,  even  supposing  the  boring  there  to  be  in  the  highest 
division  of  the  Hastings  Beds,  it  is  unlikely  that  there  should  be  any 
g:reat  further  depth  to  be  passed  through  before  a  Pre-Cretaceous 
formation  is  reached. 

At  p.  44  of  my  former  paper,  attention  was  drawn  to  the  chief 
points  that  should  guide  us  in  selecting  sites  for  trial-borings,  for  the 
purpose  of  finding  out  the  deep-seated  rocks  of  the  London 
Basin,  and  Dover  was  mentioned,  in  each  case,  as  a  good  site, 
meaning  thereby  the  neighbourhood,  and  not  merely  the  town 
itseK.  It  was  therefore  with  some  satisfaction  that  I  saw  various 
newspaper-accounts  of  the  projected  trial-boring  now  being  made 
by  the  South  Eastern  Eailway  Company  at  the  foot  of  Shakespeare's 
Cliff. 

My  previously  expressed  opinion,  which  was  shared  by  my 
colleague  Mr.  Topley,  is  strengthened  by  the  conclusions  now  come 
to  as  to  the  bottom-beds  of  the  boring  at  the  Convict  Prison,  where 
the  lower  part  of  the  Wealden  Series  seems  to  have  been  struck,  at 
the  depth  of  849  feet. 

Ab  the  well  begins  at  a  height  of  280  feet  above  the  sea,  whilst 
that  of  the  new  boring  cannot  be  much  above  the  sea-level,  the 
latter  has  a  great  advantage  in  being  at  less  vertical  distance  from 
the  deeper  beds.  The  fact  that  it  has  also  an  advantage  from  the 
southerly  rise  of  the  beds,  may  probably  be  more  than  neutralized  by 
the  inference  that  it  is  in  that  direction  that  the  Lower  Greensand 
and  the  Wealden  Beds  are  likely,  one  may  say  are  certain,  to 
thicken.  The  difference  of  level  taken  alone  would  make  the  depth 
to  the  Wealden  Beds  some  570  feet  at  the  new  boring ;  but,  for  the 
reasons  above  stated,  one  would  rather  count  on  a  idightly  greater 
depth. 

It  seems  to  me  that  it  woidd  have  been  a  far  more  satisfSekctory 
thing  to  deepen  the  existing  boring  of  the  Channel  Tunnel  Company 
at  St.  Margaret's  Bay,  about  2J^  miles  E.N.E.  of  the  Prison  boring, 
and  for  good  reasons — the  first  that  the  trial-boring  in  question  is 
already  567  feet  deep ;  the  second  that  it  is  already  some  feet  in 
the  Gault ;  and  the  third  that  it  is  in  a  direction  in  which  one  may 
reasonably  expect  further  undergound  thinning  than  that  of  which 
we  have  evidence  at  the  prison. 

NsW  BOBIKO  AT  StBOOD. 

In  the  early  part  of  last  year  another  deep  boring  in  the  neigh- 
bourhood of  Chatham  was  finished,  and  although  it  does  not  add 
much  to  our  knowledge  of  the  underground  beds  there,  yet  it  is  of 
interest  from  the  fact  of  its  success  in  getting  water  from  the  Lower 
Greensand,  and  from  its  agreement  with  neighbouring  sections  in 
the  thickness  of  the  Gaidt  found,  which  exceeds  the  previous  record 
only  by  3,  2,  and  1  j  feet  respectively.  Having  been  noticed  only 
in  newspapers,  it  is  worth  wlule  to  describe  it  here. 

p2 
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Stewart  Bros,  and  Spencer^s  Oil  MiUs. 

?  About  15  feet  above  Ordnance  Datum. 

From  an  account  in  the  Chatham  and  Rochester  Observer^  March  6, 
1886,  and  from  information  from  Messrs.  Tilley,  who  made  the 
boring. 

Water  overflows  in  large  quantity  (?  150  gallons  a  minute),  and 
it  overflowed  through  a  small  pipe  to  a  height  of  45  feet  above  the 
ground.    Temperature  62^°  Fahr. 

Thicknees.     Depth, 
ft     in.       ft    in. 
Mud  [AlluTium] 42 


in. 

0 

0 

0 

0 


I  Upper  Ohalk,  with  flints 306 
Lower  Ghalk  and  Chalk  Marl 194 
Upper  Greensand  (base  of  Ghalk  Marl).  6 
rock  at  the  base  on  one  side,  4  inches 

on  the  other) 195    2 

Lower  Greensand :  fine  sharp  greenish-grey  sand,  with 
water 14  10 


42 

347 
641 
647 


742    2 
767    0 


BoRnra  at  Ltdd. 

A  boring  has  lately  been  made  for  the  War  Office,  at  the  southern 
end  of  Kent,  which  may  be  of  interest  here,  as  the  most  easterly 
one  through  the  lowest  beds  of  the  Weidden  Series,  and  the 
following  account  may  be  of  some  value.  The  details  were  given 
me  by  Messrs.  8.  F.  Baker  and  Sons,  who  carried  out  the  work. 

Holmston  Camp,  1886. 
Water-level  9  feet  down. 


aS 

5 

< 


Shingle    16 

Boulders 4 


Thickness. 

ft. 


Marl 


in. 
0 
0 


Brown  sand    13  0 

Clay,  loam  and  sand 4  0 

Black  or  grey  sand    20  0 

(,  Pebbles   1  0 

Black  or  grey  sand    68  0 

Stiffloam    1  8 

Clean  sharp  sand    4  4 

Loamy  day    6  0 

Sand    2  0 

Clay 2  6 

Fine  grey  sand  0  9 

Sandstone  2  3 

Clay  and  loam   8  0 

Strong  blue  clay    6  6 

Stone  3  0 

Whiteday 20  6 


29      6 


Loamyolay 8.  0 

Marl   42  0 

Hard  stone 4  0 

Very  haid  stone 2  0 


Depth. 

ft 

m. 

16 

0 

19 

0 

32 

0 

36 

0 

66 

0 

67 

0 

116 

0 

116 

8 

121 

0 

126 

0 

128 

0 

130 

6 

131 

3 

133 

6 

141 

6 

147 

0 

160 

0 

170 

6 

200 

0 

208 

0 

250 

0 

254 

0 

266 

0 
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8 

I 


Milder  atone 
Touffh  oUy... 
Sandstone  ... 


Sandstone  and  olay   

Hard  tough  day    

Very  fine  olay  and  stone  

Clay  and  stone  

MUdolay    

Yeiy  hard  day  

Veins  of  peat  and  day 

Hard  day  

Very  hard  day 

Mild  sandstone,  with  water 

Hard  sandstone 

Mild  day    

Dark  clay  

Bed  and  white  mild  day 

Hard  light-coloured  day 

Hard  red  clay    

Yery  hard  dark  olay 

Yery  mild  dark  day 

Hani  light  [coloured]  day 

Yery  h^  dark  brown  stone  or  rock. 

Hard  sand  rock,  with  water 

Dark  grey  loamy  soil    

Yery  tough  dark  clay    

^Yery  hard  day  


Thickness. 

Depth. 

ft. 

in. 

ft 

m. 

2 

0 

268 

0 

4 

0 

262 

0 

I 

0 

263 

0 

2 

0 

266 

0 

2 

0 

267 

0 

2 

0 

269 

0 

3 

0 

272 

0 

2 

0 

274 

0 

3 

0 

277 

0 

12 

0 

289 

0 

2 

6 

291 

6 

1 

6 

293 

0 

2 

6 

296 

6 

2 

6 

298 

0 

4 

0 

302 

0 

4 

0 

306 

0 

31 

0 

337 

0 

6 

0 

343 

0 

7 

0 

360 

0 

6 

0 

366 

0 

4 

0 

360 

0 

3 

0 

363 

0 

2 

0 

365 

0 

3 

0 

368 

0 

7 

0 

375 

0 

4 

0 

379 

0 

13 

6 

392 

6 

10 

0 

402 

6 

A  great  number  of  specimeiis  have  been  examined,  with  Mr. 
Tople/s  assistance.  They  consist  mostly  of  pale  greyish  clays,  with 
gome  light>-coloured  mottled  clays,  and  a  few  very  fine  compact  light- 
Goloored  sands,  the  whole  being  of  like  character  to  the  beds  that  form 
the  lower  'pait  of  the  Wealden  Series,  the  bottom  of  which  would 
probably  be  reached  at  no  very  great  further  depth.  Some  of  the 
specimens  are  like  some  of  those  from  the  Dover  boring. 
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17.  On  a  Sacbtjv,  apparently  indicating  a  new  type  of  Bibd,  Obni- 
TH0DESMU8  OLUNicnTLTrs,  SeeUy^  from  the  Wealden  of  Bboox. 
By  H.  G.  Seblbt,  F.R.S.,  F.G.S.,  Professor  of  Geography 
in  King's  College,  London.     (Read  March  9,  1887.) 

[Plate  XII.] 

Thb  discoYery  of  the  pneumatic  condition  of  the  yertehrce  in  Omi- 
thosaurs  and  certain  Dinoeaurs  showed  that  they  diverge  from 
Beptiles  in  structural  characters  which  are  typically  Ornithic.  The 
augmented  numher  of  vertebra;  in  the  sacrum  in  both  those  groups 
also  shows  a  divergence  from  existing  Eeptiles,  which  is  markedly 
Avian.  On  the  o^er  hand,  the  small  number  of  sacral  vertebne 
found  in  the  Archceopteryx  has  proved  that  a  bird  may  have 
the  sacrum  no  more  complex  than  in  Ornithosaurs  and  Dinosaurs. 
The  bird's  sacrum  formerly  had  a  simpler  structure,  just  as  the 
intervertebral  articulation  was  simpler;  and  we  expect  to  find 
some  of  the  distinctive  osteological  attributes  of  existing  birds 
wanting  among  earlier  representatives  of  the  class.  This  woidd 
also  be  a  fair  inference  from  Prof.  Huxley^s  exposition  of  the  sacrum 
of  the  fowl.  Sacral  vertebra;  are  defined  by  their  nerves  uniting  to 
form  the  sacral  plexus ;  judged  by  this  test,  the  fowl  has  five  sacral 
vertebrae.  But  ossification  has  extended  beyond  them,  so  as  to 
incorporate  in  the  sacrum  the  four  anterior  vertebrae  which  were 
originally  dorso-lumbar,  and  the  five  posterior  vertebraB  which  were 
originally  caudal.  When  the  number  of  vertebrae  is  reduced,  the 
structure  of  the  sacrum  may  be  simplified.  At  the  present  day  the 
most  striking  character  of  a  bird's  sacrum  is  the  absence  of  trans- 
verse processes  extending  outward  from  the  bases  of  the  true  sacral 
vertebrae,  so  that  deep  depressions  are  formed  in  its  middle  region, 
comparable  to  the  entire  sacrum  in  some  Ornithosaurs.  These 
depressions  contain  the  middle  lobes  of  the  kidneys,  and  therefore 
may  be  presumed  to  be  due  to  the  way  in  which  the  development 
of  those  organs  governed  the  ossification.  Hence  the  presence  or 
absence  of  this  osteological  character  would  imply  no  more  than  a 
slight  difierence  in  the  deep-seated  condition  of  the  kidney  ;  so  that 
the  renal  recess  might  be  wanting,  without  implying  any  important 
difference  in  organization. 

The  specimen  which  I  am  about  to  describe  wants  the  modified 
renal  recesses  of  the  sacral  vertebrae  of  the  sacrum  (PL  XII.  figs.  2, 3), 
the  typically  Avian  saddle-shaped  intervertebral  articulation  (hg,  4), 
and  the  large  number  of  vertebrae  commonly  found  in  a  sacrum  in 
existing  birds.  It  is  in  the  Fox  collection  of  the  British  Museum, 
and  is  distingmshed  by  the  number  ~. 

This  sacrum  is  9*6  centimetres  long  and  slightly  curved,  so  as 
to  be  concave  in  length  on  the  ventral  aspect  (Rg,  3),  though  the 
original  curvature  may  have  been  less  than  the  specimen  now  shows. 
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The  bodies  of  the  vertebrsB  and  nenral  arches  are  botii  higher  in 
the  anterior  part  of  the  specimen  than  ia  the  posterior  part,  towards 
which  the  depression  steadily  augments  (fig.  3). 

Anteriorly  the  articular  face  of  the  first  centrum  is  transversely 
ovate,  as  among  many  birds,  fully  15  millim.  deep,  and  20  millim. 
wide,  as  preserved  (fig.  4).  It  is  in  the  main  flattened,  apparently 
slightly  concave  from  above  downward,  with  a  sharp  peiiphert^ 
edge,  now  a  little  broken  and  showing  fine  cellular  tissue. 

The  posterior  articular  face  is  much  smaller,  and  is  also  extended 
transversely  (fig.  5).  It  measures  over  15  millim.  wide  at  the  base, 
and  is  much  narrower  below  the  neural  canal,  towards  which  the  sides 
converge  upward.  It  is  over  9  miUim.  deep.  There  are  two  small 
abraded  tubercles  which  look  downward,  placed  at  the  outer  angles 
of  the  base.  The  articular  surface  of  the  centrum  is  flattened,  but 
slightly  concave,  and  has  a  small  prominence  extending  backward 
below  the  neural  canal;  the  whole  surface  is  inclined  obliquely 
forward  so  as  to  look  obliquely  backward  and  upward.  The  small 
articulation  for  the  caudal  vertebra,  as  compared  with  the  inter- 
vertebral articulation  in  the  dorsal  region,  is  a  character  which  has 
not  been  found  in  Binosauria,  and,  like  the  transverse  extension, 
is  Avian,  though  the  latter  character  is  also  found  among  some 
Omithosaurs.  The  small  caudal  articulation  implies  a  small  tail ; 
and  it  will  subsequently  be  seen  that  we  are  entitled  to  infer  that 
this  tail  was  of  the  type  which  characterizes  existing  birds. 

The  sacrum  includes  six  vertebrae,  which  are  perfectly  anchylosed 
together  (figs.  1, 2,  3). 

The  transverse  processes  (figs.  1, 2, 3,  t)  are  given  off  at  the  junction 
of  the  centrums.  They  extend  from  their  origin  on  the  sides  of  the 
vertebrae  up  to  the  neural  platform,  which  is  a  horizontal  lamina, 
formed  by  the  blending  of  the  neural  arches,  extending  along  the 
sacrum  on  each  side  of  the  neural  spine.  This  platform  (fig.  3,  np) 
in  its  anterior  part  is  directed  outward  and  slightly  upward ;  in  the 
hinder  part  it  is  horizontal.  The  height  from  the  base  of  the 
centrum  to  the  neural  platform  at  the  junction  of  the  first  and 
second  vertebraB  is  2*2  centim. ;  at  the  junction  of  the  fourth  and 
fifth  vertebrae  the  corresponding  measurement  is  14  millim.  The 
neural  platform  does  not  appear  to  extend  to  the  sixth  vertebra. 
The  width  of  the  neural  platform  at  the  second  vertebra  is  14 
millim. ;  at  the  fourth  vertebra  it  is  about  2  millim.  wider.  The 
nenral  spine  is  broken  (fig.  3,  ns),  but  appears  to  form  a  thin  con- 
tinuous vertical  plate  from  the  second  to  the  fifth  vertebra  (fig.  1,  ns). 
Its  base  is  3  mOlim.  wide  in  front,  but  it  is  stronger  in  front  than 
behind.  As  preserved,  it  is  only  half  a  centimetre  high  in  front, 
and  its  height  posteriorly  was  less. 

The  posterior  aspect  of  the  sixth  neural  arch  is  worn,  so  that  the 
zygapophyses  are  lost,  but  the  neural  spine  is  seen  to  be  vertically 
grooved.  The  first  vertebra  has  its  zygapophysial  facets  preserved ; 
they  have  the  characteristic  oblique,  curved,  Avian  position  resting 
flat  upon  the  neural  arch  (fig.  4,  z). 

The  sides  of  the  centrums  are  compressed,  and  the  first  two  show 
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long  concaye  lateral  depreasioiiB,  in  which  aro  impiessed  oyate 
apertures  of  a  pneumatic  character  (fig.  3,  pn). 

The  vertebral  centrums  are  nearly  equal  in  length,  but  become 
slightly  shorter  posteriorly,  and  the  sixth  is  conspicuously  short 
(fig.  2).  The  first  has  a  length  of  17  millim.,  the  second  of  16  millim., 
the  third,  fourth,  and  fifth  are  slightly  shorter,  and  the  sixth  measures 
13  millim. 

The  general  aspect  of  the  underside  of  the  oentrnm  is  fiattened, 
with  the  flattening  augmenting  posteriorly.  The  first  centrum  is 
decidedly  convex  from  side  to  side  and  concave  in  length,  but  the 
longitudinal  concavity  becomes  obliterated  wil^  the  next  vertebra. 
The  transverse  measurement  is  from  12  to  13  millim.  In  the  second 
vertebra  the  centrum  is  a  little  wider  and  flatter,  and  it  widens 
posteriorly  because  the  transverse  process  descendi9  almost  to  the 
level  of  the  base  of  the  centrum,  and  widens  transversely  in  a  direc- 
tion nearly  horizontal.     In  the  third  vertebra  the  width  is  nearly 

15  millim. ;  in  the  fourth  it  is  16  millim.,  and  in  the  fifth  and 
sixth  it  is  13  millim. 

The  first  transverse  process  (fig.  3,  t)  is  on  the  neural  arch  ;  bat  in 
the  succeeding  vertebras  they  descend,  till  the  base  of  the  fourth  pro- 
cess is  on  a  level  with  the  base  of  the  centrum ;  their  antero-posterior 
extent  gradually  increases  as  they  extend  backward.  The  sixth 
vertebra  is  at  first  less  conspicuous  than  the  others,  because  its 
transverse  process  does  not  descend  to  the  base  of  the  centrum,  from 
which  it  is  defined  by  an  emargination.  All  the  transverse  pro- 
cesses, except  the  last,  are  broken  (fig.  2),  and  the  measurement  across 
them  and  U)e  intervening  vertebra,  as  preserved,  in  no  case  exceeds 
3  centim. ;  but  the  abrasion  is  probably  slight,  since  the  processes 
are  as  long  as  in  many  existing  birds,  and  in  some  cases  the  corre- 
spondence with  birds  in  contour  and  length  of  the  processes  is 
absolute. 

The  side  of  the  sacrum  below  the  nenral  platform  and  between 
the  transverse  processes  appears  in  all  cases  to  be  excavated.  The 
transverse  process  between  the  first  and  second  vertebrae  is  vertical, 

16  millim.  high  and  6  millim.  from  front  to  back.  The  other 
processes  have  some  resemblances  with  Megalosauruty  but  appear  to  be 
vertical  (^f;.  3,  t)  and  constricted  in  the  middle,  except  the  last,  which 
\a  sub-ovate,  but  little  elevated,  12  millim.  high  and  10  millim.  wide. 

The  neural  canal  is  vrider  than  high  (figs.  4,  5). 

The  only  extinct  animals  with  which  this  type  of  sacrum  can  be 
compared  are  Dinosaurs  and  Omithosaurs.  With  described  Dino- 
saurs, notwithstanding  many  general  points  of  resemblance,  it  has 
comparatively  little  in  common.  No  genus  approaches  it  more 
nearly  than  EypsilopTiodan,  in  which  the  character  of  the  sacrum  is 
altogether  difierent  in  the  transverse  processes  of  the  first  sacral 
being  given  off  on  a  level  with  the  base  of  the  centrum,  while  in  the 
later  vertebrae  these  processes  originate  higher  up  on  the  sides  of  the 
centrum.  Mr.  Hulke  has  described  a  shallow  median  groove  as 
occupying  the  ventral  surface  of  the  centrums  of  the  sacrum  in  that 
genus ;  but  it  is  very  different  in  character  from  the  vascular  groove 


Digitized  by  LjOOQ IC 


BIKD  niOM  TUB  WBALBEV  07  BBOOX.  209 

(fig.  2,1/6)86611  in  the  median  line  of  this  fossil,  which  is  better  com- 
pared witiii  the  similar  groove  seen  on  the  sacral  centra  in  Ynltures 
and  IchthyamU  victor.  If  we  were  to  say  that  the  general  analogy 
with  Dinosaurs  ia  such  as  to  give  a  reasonable  probability  that  some 
member  of  the  group  will  be  found  to  resemble  it,  the  prediction 
would  not  seem  inadmissible ;  but  it  would  only  be  another  mode  of 
recognizing  the  approximation  of  the  sacrum  in  Dinosaurs  towards 
that  structure  in  birds.  Unfortunately  nothing  is  known  of  the 
sacrum  in  British  Dinosaurs  with  pneumatic  vertebree ;  but  if  the 
American  types  which  are  thus  characterized  may  be  taken  in 
evidence,  the  sacrum  has  nothing  in  common  with  the  sacrum 
described  which  would  tend  to  affiliate  it  to  the  Dinosauria. 

The  sacral  vertebrae  in  Ornithosaurs  are  also  united  into  a  sacrum. 
Yon  Meyer  has  stated  the  number  of  vertebrsB  in  species  from  the 
Solenhofen  Slate  at  from  5  to  6.  They  are  anchylosed  at  a  suffi- 
ciently late  period  for  the  vertebrsB  not  to  show  the  diminished 
length  seen  in  the  sacrum  of  a  bird.  There  is  a  resemblance  to 
the  fossil  in  the  transverse  form  of  the  articular  face  of  the  centrum, 
a  lees  resemblance  to  the  concave  articular  surface  of  the  first  sacral 
vertebra,  and  no  resemblance  to  the  flat  or  concave  articulation  of 
its  last  vertebra,  which  in  Cretaceous  Ornithosaurs  is  convex. 
There  is  a  general  resemblance  in  the  pneumatic  character  of  the 
bones ;  but  I  am  not  aware  that  any  Omithosaur  has  the  foramina 
similarly  situate,  or  that  the  structure  of  the  sacrum  is  such  as  this 
fossil  shows. 

Turning  to  birds,  the  form  of  the  articular  face  of  the  first  sacral 
vertebra  is  variable,  so  that  the  Gannet,  which  has  the  lower  dorsal 
▼ertebrs  almost  biconcave,  has  the  articular  face  flat,  with  a  central 
pit  in  the  first  vertebra  of  the  sacral  mass,  which  cannot  be  termed 
sacral,  since  it  carries  ribs.  There  is  therefore  no  insuperable 
difficulty  in  the  absence  of  the  typical  Avian  articulation  of  the 
first  vertebra  in  interpreting  the  sacrum  as  that  of  a  bird,  since  the 
Avian  articolation  has  already  been  found  to  be  absent  in  the  sacrum 
of  Enaliomig  from  the  Cambridge  Greensand,  and  in  that  of  Ichihy- 
omUj  figured  by  Professor  Marsh. 

In  Ickthyomisdispar  *  there  are  ten  vertebrae  in  the  sacrum  ;  but 
the  specimen  forms  an  interesting  link  with  our  fossil,  in  differing 
from  existing  birds  by  not  having  the  transverse  processes  of  the 
middle  sacral  vertebrae  elevated  from  the  centrum  on  to  the  neural 
arch.  It  is  true  that  they  rise  a  little  on  the  last  three  sacral  vertebrae 
of  IrJuhyomis  ditpar,  but  then  there  are  more  vertebrae  in  the  sacrum 
than  in  this  fossil.     IchthyomU^  however,  is  no  near  ally. 

Among  existing  birds,  I  was  led  to  seek  an  elucidation  of  the 
foesil  among  the  Penguins  rather  than  any  other  type,  because  their 
dorsal  vertebrae  present  the  opisthocoelous  deviation  from  the  Avian 
articulation,  which  has  already  offered  a  suggestive  explanation  of 
the  opisthocoelous  articulation  in  certain  vertebrae  of  some  Dinosaurs, 
towards  which  the  sacrum  may  approximate  in  a  general  way.  The 
sacrum  of  ApUnodyiea^  however,  is  typically  Avian.  Tet  in  the 
*  Ichtkyomit  victor  may  be  generioally  distinct 
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large  A,  Forgteri^  T?liich  is  not  dissimilar  in  size,  there  is  enongh  in 
common  with  the  fossil  to  make  some  comparisons  instractiye. 

In  the  skeleton  of  Aptenodytes  Forsteri^  in  the  Osteologioal  Col- 
lection of  the  British  Museum,  numbered  1197  6,  the  presacral  ver- 
tebra is  imperfectly  anchylosed  to  the  sacrum,  and  comes  away 
leaving  a  rugose  surface,  which  is  slightly  convex  from  the  ventral 
margin  to  the  neural  canal.  This  is  the  converse  condition  to  that 
seen  in  the  fossil.  But  just  as  birds  have  the  vertebraa  biconcave, 
flat,  and  opisthoccelous,  as  well  as  saddle-ehaped  in  the  interoentral 
articulation,  there  is  no  antecedent  improbability  in  an  extinct  bird 
having  the  articulation  proccelous. 

This  Penguin's  sacrum  contains  ten  vertebrsB,  and  differs  from 
the  fossil  in  many  details.  It  has  not  the  median  ventral  canal, 
nor  the  pneumatic  pits ;  but  the  Penguin  is  exceptional  among  water- 
birds  in  that  respect.  The  transverse  processes  of  the  early  sacral 
vertebrsB  of  the  Penguin  are  inclined  forward  as  they  aacend  from 
the  centrum  to  the  neural  platform,  so  that  the  process  rises  from  one 
centrum  to  the  neural  arch  in  front  of  it ;  whereas  in  the  fossil  the 
processes  are  vertical,  and  given  off  at  the  junction  of  two  centnims. 
The  middle  three  sacral  vertebrae  of  the  Penguin,  have  the  character 
already  discussed  as  typical  of  existing  birds,  the  attachments  for 
the  ilium  being  given  off  from  the  neural  arch,  and  this  is  an 
important  difference  from  the  fossil.  But  the  posterior  widening  of 
the  transverse  processes  seen  in  the  Penguin  is  well  marked  in  the 
fossil.  And  the  last  vertebra  has  the  vertically  ovate  tubercle  for 
the  ilium  upon  its  own  centrum,  and  is  conditioned  in  every  respect 
in  the  same  way  in  the  Penguin  (fig.  6)  and  the  fossil  (fig.  5).  The 
correspondence  is  almost  as  close  in  the  character  of  the  transverse 
processes  and  zygapophyses  of  the  first  sacral  vertebra.  The  resem- 
blances further  include  the  flattened  neural  platform,  which  is  better 
developed  in  the  fossil  than  in  the  Penguin.  The  neural  spine  in  the 
fossil  is  thinner,  more  as  in  ordinary  birds,  and  apparently  lower  than 
in  the  Penguin.  Another  resemblance  is  in  the  descent  of  the  trans- 
verse processes  from  the  neural  platform  in  the  first  vertebra  to  the 
base  of  the  centrum  in  the  fourth  vertebra,  in  consequence  of  which 
the  first  two  vertebree  have  their  bodies  compressed  from  side  to  side 
(fig.  3).  In  both  types  the  bodies  of  these  vertebrse  are  of  similar 
form,  the  first  rather  flattened  on  the  underside  and  concave  in 
length,  the  second  widening  as  it  extends  posteriorly.  Though  the 
centrums  in  the  fossil  are  approximately  of  equal  length,  their  length 
diminishes  in  the  middle  of  the  sacrum  in  a  way  which  is  Avian, 
though  the  shortening  is  less  than  in  existing  birds.  From  the  Avian 
form  of  the  last  sacral  vertebra  it  may  perhaps  be  legitimately 
inferred  that  the  tail  was  not  unlike  that  of  a  Penguin. 

From  this  comparison  it  is  manifest  tliat  the  differences  which  the 
fossil  shows  from  existing  birds  are  three :  first,  the  small  number 
of  vertebrsB  in  the  sacrum ;  secondly,  the  absence  of  the  sacral 
recesses  for  the  middle  lobes  of  the  kidneys ;  and,  thirdly,  the  form 
of  the  articular  face  of  the  first  sacral  vertebra.  Fossil  birds  lessen 
the  importance  of  these  differences :  first  the  Arehceopteryx  has  as 
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few  vertebree  in  the  sacmm ;  while  IcJUhyomis  dispar  has  no  renal 
recesses  in  the  middle  of  the  sacrum ;  and  the  Gannet  makes  a 
sufficiently  near  approximation  to  the  form  of  the  articulation  to 
remoye  any  improbability  as  to  its  being  a  modified  Avian  form. 

I  therefore  venture  to  submit,  on  the  evidence  of  the  resemblances 
and  considerations  which  have  been  discussed,  that  Ornithodemnus 
is  probably  a  bird ;  but  it  dilEers  from  existing  birds,  so  as  to  suggest 
Uiat  it  is  a  link  towards  lower  forms.  It  cannot  be  placed  in  any 
existing  division  of  the  class,  but  approximates  towards  Dinosaurs 
in  a  way  of  which  no  bird  had  previously  given  evidence. 

I  am  indebted  to  Dr,  Henry  Woodward,  F.R.S.,  for  facilities 
afforded  me  in  making  this  study. 


EXPLANATION  OF  FiaURES. 
Plate  XIL 

^^  neunl  i 
pbjBis; 


Plate  XIL 

lal  spine ;  t^  transvene  process ;  r,  prezygapophysis ;  pz^  postzygapo- 
B ;  wp,  neural  platform  ;  p»,  pneumatic  foramen ;  vc,  vascular  grooTe. 

Fig.  1.  Dorsal  view  of  sacrum  of  Omtthod-esmus  cluniculw, 

2.  Ventral  view  of  sacrum. 

3.  Lateral  view  of  sacrum. 

4.  Anterior  articular  end  of  first  sacral  vertebra. 

5.  Posterior  articular  end  of  last  sacral  vertebra. 

6.  Posterior  articular  is^ce  of  last  sacral  vertebra  of  AptenodyUs 

Forgieri, 

(For  the  Biscvssion  on  this  paper,  see  p.  219.) 
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18.  On  Hetebosuchvs  valdebtbis,  SeeUy,  a  Prooosliak  Cbooodilb 
from  the  Hastogs  Sand  of  Hastings.  By  H.  G.  Skblet, 
F.R.S.,  r.G.S.,  Professor  of  Geography  in  King's  CoUege, 
London.     (Bead  March  9,  1887.) 

[Plate  Xn.] 

The  specimen  in  the  British  Museam,  nnmhered  36555,  came  there 
in  the  second  Mantellian  collection,  which  was  acquired  after  Dr. 
Mantell's  death.  It  is  part  of  a  thin  ironstone  nodule,  10  centim. 
long  and  6  centim.  wide,  from  the  Hastings  Sand  of  Hastings,  mani- 
festly water-worn,  but  containing  vertebrce  which  have  not  hitherto 
been  determined.  The  nodule  (PL  XII,  fig.  7)  displays  the  remains  of 
fully  a  dozen  vertebree,  which  extend  round  the  nodule  in  parts  of  more 
than  one  coil,  so  arranged  as  to  expose  the  ventral  surface  or  bodies 
of  the  vertebrae,  towards  the  external  margin  of  the  concretion. 
These  vertebrae  indicate  a  procoelian  Crocodile  of  small  size ;  and 
although  the  remains  are  so  imperfect,  I  refer  them  to  a  new  genus, 
since  their  forms  are  different  ftom  those  of  any  Purbeck  Crocodiles 
or  other  described  Crocodilia. 

The  nodule  displays  some  other  vertebrate  remains  which  may 
possibly  belong  to  another  kind  of  animal.  Thus  in  a  transverse 
fracture  the  outlines  may  be  traced  of  two  long  ovals  which  extend 
in  the  same  axis,  and  may  represent  the  superior  aspect  of  the 
parietal  region  of  a  small  skull,  in  which  each  temporal  fossa  is  18  or 
14  millim.  wide  and  7  millim.  long.  The  external  surface  appears  to 
show  a  very  fine  punctate  ornament,  not  unlike  that  seen  in  some 
small  Purbeck  Crocodiles  ;  and  what  might  be  the  quadrate  bone  is 
seen  to  extend  in  an  outward  direction  as  it  is  prolonged  distally. 
No  procoelian  Crocodile  has  the  temporal  vacuities  elongated  in  this 
way ;  but  from  the  imperfect  preservation  and  small  size  I  am 
doubtful  whether  the  skull  should  be  referred  to  the  same  animal  as 
the  vertebrae,  on  the  hypothesis  that  it  is  to  be  included  in  the 
Procoelia. 

On  the  worn  external  surface  of  the  nodule,  somewhat  below  the 
remains  of  the  sacrum,  are  some  obscure  outlines  of  bones,  which 
can  only  be  followed  with  difficulty,  but  which  may  be  pubis  and 
ischium ;  and  in  the  position  in  which  the  acetabulum  might  exist, 
there  is  a  well- defined  hemispherical  pit.  These  bones  are  much 
smaller  than  would  have  been  expected  ;  but  their  proximity  to  the 
sacral  vertebra  makes  it  important  to  remark  that  the  acetabulum 
is  that  of  a  lacertilian,  while  the  forms  of  the  bones  which  combine 
to  form  it  are  not  crocodilian.  In  the  possibility  that  all  the 
remains  may  be  portions  of  one  animal,  this  fossil  would  diverge 
from  existing  Crocodiles  in  a  direction  of  which  no  crocodilian  has 
hitherto  given  evidence. 

The  vertebrae  include  one  late  cervical,  eight  dorsals,  and  two 
which  may  be  classed  as  sacral.     These  vertebrae  are  remarkable 


Digitized  by  LjOOQ IC 


FBOM  THB  HASmreS  BAVD.  213 

for  a  oompleteneBS  of  ossifioation  which  existing  GrocodileB  do  not 
show.  I  have  no  doubt  that  the  specimen  was  mature^  on  aoconnt 
of  the  length  of  the  neural  spines  (fig.  7,  fw).  All  traces  of  sutures 
are  obliterated,  and  there  is  no  trace  of  tiie  inflation  which,  in  living 
Crocodiles,  commonly  marks  the  line  of  the  neuro-central  suture. 
The  articular  ball  of  the  centrum  was  as  well  ossified  as  in  a  lizard 
or  serpent  (figs.  7, 8),  and  the  ridges  on  the  upper  part  of  the  neural 
arch  are  defined  with  a  sharpness  unknown  among  living  Crocodiles, 
and  suggestively  Dinosaurian.  The  most  distinctive  features,  how- 
ever, of  tiiiese  vertebrsB  are,  the  side-to-side  compression  of  the  bodies 
of  the  centrums,  and  the  comparatively  depressed  neural  arch,  with 
its  strong  zygapophysial  ridges  and  well-developed  neural  spine. 
The  inferior  y-shaped  approximation  of  the  sides  of  the  centrum, 
which  throws  the  neural  arch  out  laterally  above,  is  the  principal 
generic  character  seen  in  the  dorsal  region.  The  cervical  vertebrsB  are 
so  imperfectly  exposed  that  it  is  difficult  to  draw  generic  characters 
from  them ;  but  if  the  one  specimen  seen  is  rightly  determined,  it 
shows  a  fundamental  difference  from  procodlian  Crocodiles  in  the  ele- 
vation of  the  facet  for  the  rib  upon  the  neural  arch  to  a  position  which 
almost  adjoins  the  prezygapophysis.  But  as  these  vertebrsD  are  not 
continuous  with  the  dorsal  series,  and  there  is  no  diapophysial 
tuberde  on  the  neural  arch,  I  hesitate  to  draw  what  would  other- 
wise be  a  legitimate  conclusion  as  to  affinities  from  this  character. 

Two  or  three  cervical  vertebrae  are  present,  but  only  one  is 
partially  free  from  the  matrix.  The  second  specimen  shows  the 
outline  of  the  neural  arch  from  above ;  but  the  neural  spines,  which 
had  the  usual  anterior  position,  are  not  preserved.  The  measurement 
is  24  miUim.  from  the  prezygapophysis  to  the  postzygapophysis,  and 
about  17  millim.  from  side  to  side  over  the  zygapophysial  facets, 
while  the  least  side-to-side  measurement  in  the  median  constriction 
is  8  millim.  The  one  vertebra  which  is  partly  free,  though  badly 
preserved,  shows  the  neural  arch  to  have  been  greatly  depressed,  so 
that  the  height  from  the  base  of  the  centrum  to  the  zygapophysis  is 
about  15  millim.,  and  this  is  apparently  also  about  the  length  of  the 
centrum.  The  left  side  of  the  centrum  is  subquadrate  and  concave, 
with  a  small  circular  facet  for  the  diapophysis  external  to  and 
impressed  immediately  below  and  behind  the  prezygapophysial  facet. 
There  is  no  trace  of  a  tubercle,  such  as  is  seen  in  Crocodiles ;  though 
the  parapophysis  has  the  usual  oblong  form,  compressed  from  above 
downward,  and,  though  quite  on  the  base  of  the  side  of  the  centrum, 
is  further  distant  from  its  anterior  border  than  in  existing  Crocodiles. 
The  under  surface  of  the  centrum  b  too  imperfectly  preserved  to 
indicate  whether  a  hypapophysis  was  developed ;  but  the  emargi- 
nation  of  the  undersides  of  the  bases  of  the  parapophysial  tubercles 
defines  a  constricted  base  to  the  centrum  which  is  not  seen  in  existing 
Crocodiles. 

Seven  dorsal  vertebrae  extend  in  continuous  sequence,  and  their 
centrums  appear  to  increase  slightly  in  length  as  diey  extend  back- 
ward. All  are  marked  by  the  obliquity  of  the  cup  and  ball,  which 
is  rather  more  pronounced  than  in  existing  Crocodiles ;  but  as  the 
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inferior  margin  of  the  cup  is  in  every  case  worn,  the  ohliqtdty  appears 
greater  than  it  was  in  life.  Each  centmm  is  ahout  19  millim.  long ; 
the  articular  hall  is  well  rounded.  The  form  of  the  centmm  is 
compressed  from  side  to  side  helow,  with  the  hase  rounded.  The 
sides  are  concave,  without  any  thickening  of  the  bone  in  the  position 
where  the  neurocentral  suture  is  usually  present.  The  transverse 
processes  are  broken,  but  enough  remains  to  show  that  the  usual 
posterior  concave  incision  existed  between  the  transverse  process 
and  the  postzygapophysis.  From  the  hinder  mai^;in  of  the  transverse 
process  a  sharp  ridge  descends  in  a  concave  curve  as  it  extends 
backward  to  the  outer  border  of  the  articular  ball.  Posterior 
to  this  ridge  the  bone  of  the  neural  arch  is  impressed,  and  ascends 
to  the  postzygapophysis.  The  underside  of  the  transverse  process 
(fig.  8,  t)  which  was  compressed  from  above  downward  in  the  usual 
way,  appears  to  have  been  convex  at  its  base.  From  both  the  anterior 
and  posterior  zygapophyses  well-defined  compressed  rounded  ridges 
ascend  and  converge,  as  they  extend  inward  towards  the  nexiral 
spine.  Between  these  ridges  is  a  concave  recess  with  a  flat  base, 
forming  the  inward  termination  of  the  upperside  of  the  transverse 
process.  The  height  from  the  base  of  the  centrum  to  the  transverse 
process  is  greater  in  the  anterior  vertebrae  of  the  series  than  in 
the  later  ones.  In  the  third  it  is  15  millim. ;  towards  the  end  it  is 
scarcely  more  than  a  centimetre.  The  neural  spines  are  well 
developed;  they  ascend  vertically  in  the  anterior  vertebrsB  and 
are  inclined  slightly  forward  in  the  later  ones.  The  height  from  the 
base  of  the  centrum  to  the  summit  of  the  neural  spine  is  about  33 
millim.  The  spbe  widens  a  little  towards  its  summit,  which  is 
convex  from  front  to  back;  its  anterior  and  posterior  margins 
are  slightly  concave. 

A  lumbar  centrum  is  present,  and  exhibits  a  rather  narrow  neural 
canal. 

The  sacral  vertebrae  are  imperfectly  preserved;  there  were 
probably  two.  From  the  second  the  transverse  processes  are 
completely  lost,  but  the  first  shows  these  processes  to  have  been 
quadrate  and  strong.  As  in  existing  Crocodiles,  they  are  concave  in 
front,  flattened  above,  and,  as  they  extend  outward,  depressed  below 
the  prezygapophyses.  The  transverse  measurement  across  the 
processes,  as  preserved,  is  25  millim. 

The  vertebral  characters  described  show  divergences  from  existing 
Crocodilia,  such  as  on  the  whole  are  approximations  towards  Dino- 
saurian  types  of  Wealden  age,  a  condition  of  more  interest  from 
the  Crocodiles  of  the  Gosau  beds  having  shown  some  approxima- 
tions in  vertebral  characters  to  the  Gosau  Dinosaurs. 

A  few  isolated  vertebrae  of  similar  character  were  collected  by 
Dr.  Mantell,  from  Tilgate,  and  from  Brook  in  the  Isle  of  Wight.  A 
small  caudal  vertebra  from  Tilgate  has  the  base  of  the  centrum 
compressed  from  side  to  side  and  rounded,  with  a  concave  impression 
above  the  middle  of  the  side,  immediately  beneath  the  transverse 
process.  The  prezygapophysis  is  long  and  directed  upward  and 
outward.    The  articular  cup  is  perfectly  circular.     The  centrum  is 
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13  millim.  long.  Another  Tilgate  caudal  vertebra,  later  in  the  series, 
is  about  15  millim.  long.  It  possessed  the  transverse  process  and 
well-developed  procoelian  articulation  ;  but  the  neural  arch  is  greatly 
shortened  and  limited  to  the  middle  of  the  centrum,  as  in  some 
Dinosaurs.  The  proccelian  vertebrse  of  similar  size  are  from  Brook. 
The  specimen  36524,  however,  has  the  centrum  as  well  rounded 
from  side  to  side  as  in  existing  Crocodiles,  and  is  not  referable  to 
this  genus. 

It  may  be  interesting  to  remark  that  although  this  is  the  oldest 
proGcelian  Crocodile  hitherto  described,  the  British  Museum  contains 
a  single  cervical  vertebra,  no.  48244,  from  the  Purbeck  beds,  which 
has  a  well-defined  proccelian  cup,  and  the  cervical  neural  arch  is 
constructed  on  the  usual  crocodilian  plan. 

The  existence  of  this  form  of  vertebra  in  the  Purbeck  beds 
accentuates  the  apparent  difference  of  the  cervical  articulation  for 
the  rib  in  the  Wealden  specimen,  a  difference  sufficiently  remarkable 
to  make  more  striking  modifications  of  the  skull  and  pelvis  not 
impossible. 

I  am  indebted  to  Br.  Henry  Woodward,  F.R.S.,  for  the  facilities 
afforded  me  in  studying  and  describing  this  specimen. 

EXPLANATION  OF  FIGUBES, 

Platk  XII. 

nst  neural  spine ;  t,  transTerse  process. 

Fig.  7.  Slah,  shoTring  sequence  of  dorsal  vertebrsB  of  Seferomchus  valdentu 
Seeley. 
8.  View  of  the  saine  slab,  showing  the  underside  of  the  centrums  of  the 
dorsal  yertebne. 
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19.  On  Patbicobaubtts  mebocraiub,  SeeUy^  a  Lizabd  from  the  Cku- 
BBIDGB  Gbebnsabi),  preserved  in  the  WooD'WABDiAir  Mvbbux 
of  the  XlKiTEBfiiTT  of  CAMBBiDaE.  By  H.  G.  Seelbt,  F.R.S., 
F.G.S.,  Professor  of  Geography  in  King's  College,  London. 
(Read  March  9, 1887.)      ' 

[Plats  Xn.] 

No  lacertilian  has  hitherto  been  recorded  from  the  Cambridge 
Greensand.  The  comparative  rarity  of  this  group  of  animals  in  ^e 
deposit  is  eyidenced  by  the  fact  that  only  two  fragments  of  lizard- 
bones  are  known  to  me  to  have  been  found  during  the  whole  period 
in  which  its  fossils  have  been  collected.  One  of  these  is  a  sacral 
vertebra  with  the  transverse  processes  broken  away,  which  was,  I 
believe,  collected  by  the  Eev.  H.  G.  Day  prior  to  1869.  The  other 
is  the  proximal  end  of  a  femur  obtained  recently  by  Mr.  A.  F. 
Griffith.  Slight  as  is  the  material,  it  is  worth  recording  as  evidence 
of  a  terrestrial  animal  of  a  relatively  large  size,  and  more  nearly 
allied  to  existing  lizards  than  are  the  other  Cretaceous  representa- 
tives  of  this  order  of  animals. 

RiOHT  Femub  (PI.  XIL  figs.  9, 10). 

The  proximal  end  of  the  right  femur  now  described  is  larger  than 
the  corresponding  bone  in  tibe  largest  existing  Monitor.  It  was 
unfortunately  fractured,  subsequently  to  being  mineralized,  at  a 
point  below  the  articular  head,  just  where  the  shaft  becomes  trian- 
gular, so  that  the  length  of  the  bone  and  its  distal  characters  are 
entirely  conjectural.  The  shaft  consists  of  dense  bony  tissue,  as  in 
existing  lizards,  with  a  small  medullary  cavity.  The  fragment  is 
about  3  centim.  long.  It  has  the  characteristic  vertical  compression 
and  forward  curvature  of  the  convex  articular  head,  and  the  usual 
front-to-back  compression  of  the  inferior  trochanter,  which,  however, 
extends  further  proximally  than  in  existing  lizards.  The  fragment 
has  experienced  a  little  attrition,  and  a  thin  external  epiphysial 
layer  of  bone  is  partly  removed  from  the  proximal  articular  surface — 
a  character  of  some  interest  as  repeating  the  epiphysial  growth 
which  is  often  seen  in  existing  lizards,  but  in  a  form  no  thicker  than 
in  the  limb-bones  of  some  breeds  of  domestic  fowls,  like  Bramahs, 
when  a  week  or  two  old. 

The  proximal  articular  surface  is  semicircular  from  front  to  back ; 
it  is  2  centim.  wide.  Its  superior  outline,  viewed  from  the  proximal 
end,  is  comma-shaped,  being  a  centimetre  wide  in  front,  and  becoming 
narrower  as  it  extends  backward.  From  above  downward  the 
articulation  is  convex,  about  12  millim.  thick  in  the  middle,  and 
narrowing  away  behind.  The  convexity  of  the  anterior  part  of  the 
smooth  rounded  articular  head  is  suggestive  of  the  limb  having  been 
carried  in  a  position  well  raised  from  the  ground.  The  axis  of  the 
articular  head  of  the  bone  is  directed  inward  and  very  slightly 
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upward.  The  superior  aspect  of  the  shaft,  which  the  articulation 
terminates,  is  concave ;  and  the  concavity  runs  into  the  middle  of 
the  articulation  to  give  it  its  crescentio  or  commsrshaped  form  (fig.  9). 
In  the  Nilotic  Monitor  this  depression  receives  a  talon-like  spur  from 
the  proximal  epiphysis,  llie  anterior  margin  of  the  bone  below 
the  articular  head  is  concave  as  it  extends  distally,  but  the  pos- 
terior margin  of  the  superior  aspect  of  the  shaft  was  thicker,  tro- 
chanteroid,  and  probably  convex  in  length ;  though,  being  a  little 
abraded,  it  can  only  be  seen  to  widen  and  inflate  the  bone  below 
and  behind  the  articulation.  As  already  remarked,  the  shaft  is  tri- 
angular ;  and  I  am  disposed  to  term  the  other  two  sides  of  the  bone 
anterior  and  posterior,  as  they  lie  in  front  of  or  behind  the  inferior  or 
great  trochanter.  At  its  fracture  the  shaft  measures  one  oentim. 
from  above  downwards,  and  9  millim.  from  side  to  side ;  the  outline 
is  flat  above  and  behind,  more  convex  and  wider  at  the  inferior  tro- 
chanteric margin  than  at  the  other  angles. 

The  great  trochanteric  ridge  extends  longitudinally  on  the  middle 
of  the  underside  (fig.  10),  converging  rapidly  downward  to  the  shaft, 
and  is  vertical  to  the  superior  aspect  of  the  shaft,  like  the  stem  of  a 
capital  T :  the  thickness  through  the  bone  at  its  proximal  termi- 
nation is  about  17  millim.,  though  the  superior  proximal  expansion 
of  the  articular  surfjoce  increases  the  thickness  of  the  bone  to  about 
22  millim.  This  characteristic  lacertilian  trochanteric  process  ex- 
tends to  within  nearly  a  centimetre  of  the  proximal  extremity  of 
the  bone ;  it  is  concave  in  length,  curving  forward  proximally,  is 
about  6  millim.  thick,  and  somewhat  flattened  below,  with  the 
anterior  margin  rounded. 

The  anterior  aspect  of  the  bone  is  concave,  so  that  the  constriction 
of  this  side,  combined  with  the  concavity  of  the  superior  surface,  gives 
a  well-defined  character  to  the  articub^  head,  ahnost  like  a  neck,  if 
it  were  not  that  these  sides  converge  anteriorly  to  form  a  sharp  ridge 
which  unites  them,  and  becomes  flattened  as  it  extends  down  the 
shaft.  There  is  a  mark  of  strong  muscular  attachment,  of  which  a 
oentimetre  is  preserved,  which  commences  one  centimetre  below  the 
trochanteroid  ridge,  on  the  inferior  border  of  its  anterior  aspect. 

The  posterior  aspect  of  the  bone  can  only  be  described  as  saddle- 
ahaped,  being  convex  in  length  and  channelled  with  a  wide,  smooth, 
concave  depression,  which  lies  between  the  inferior  and  superior 
trochanters,  and  curves  forward  beneath  the  articular  head.  The 
width  across  the  trochanters,  where  greatest,  is  18  millim.  There 
is  a  small  pit  about  3  millim.  in  diameter,  which  lies  immediately 
behind  and  below  the  posterior  trochanteroid  margin,  so  as  to  be 
between  that  process  and  the  narrow  termination  of  the  articulation 
of  the  proximal  articular  surface.  Owing  to  the  posterior  thickening 
of  the  lateral  margin  of  the  great  trochanter,  its  inferior  border  is 
wider  than  the  part  which  rises  from  the  head. 

There  is  no  existing  lacertilian  which  this  fossil  closely  resembles. 
Compared  with  the  Monitor,  the  more  striking  differences  are  that 
the  fossil  has  the  articular  surface  more  developed  on  the  upper  and 
anterior  parts  of  the  head,  so  as  to  form  a  deep  concavity  in  the 
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middle  of  the  superior  aspect.  Secondly,  the  great  trochanter  ex- 
tends further  proximally ,  but  is  not  developed  to  quite  the  same  depth 
distally.  The  weli-marked  longitudinal  posterior  concavit}'  defined 
by  the  reflected  posterior  margin  of  the  trochanter  is  also  a  distinctive 
feature.  The  comparatively  thin  proximal  epiphysis  seems  to  mark 
the  beginning  of  a  condition  of  the  extremities  which  has  attained 
greater  development  in  modem  lizards.  Tet  the  configuration  of 
die  bone  is  in  no  sense  embryonic  or  indicative  of  imperfect  ossifi- 
cation, but  rather  shows  that  the  modem  lizards  have  diverged  from 
this  ancient  type  so  far  that  it  is  likely  to  belong  rather  to  a  sub- 
ordinal  modification  titian  to  an  extinct  family. 

First  Sacbal  Vkktebra  (PL  XII.  figs.  11, 12). 

It  is  impossible  to  say  that  the  vertebra  which  is  now  to  Ifb 
described  pertained  to  the  same  species  as  the  femur,  for  there  is 
no  record  of  the  exact  locality  in  the  neighbourhood  of  Cambridge 
from  which  the  specimens  were  obtained ;  but  since  there  is  nothing 
inconsistent  with  natural  association  in  the  characteristics  af  the 
two  bones,  and  the  sacrum,  while  conforming  to  the  general  plan  of 
existing  lizards,  yet  differs  from  them  in  notable  characteristics  of 
the  neural  arch,  I  have  not  hesitated  to  describe  them  as  I»^)bably 
the  remains  of  the  same  species. 

The  fossil  consists  of  the  first  sacral  vertebra  made  up  of  l^e 
complete  centrum,  the  neural  arch,  which  has  lost  the  neural  i^ine, 
and  the  prezygapophyses ;  and  the  transverse  processes  which  are 
fractured  tlu-ough  the  middle  were  probably  complete  when  the 
specimen  was  discovered.  These  parts  are  united  together  by  con- 
spicuous sutures  (fig.  11). 

The  centram  is  depressed,  11  millim.  long  and  14  millim.  wide,  to 
the  sutures  with  the  sacral  ribs,  which  form  quadrate  transverse 
processes.  The  inferior  surface  is  concave  in  length  and  convex 
from  side  to  side  in  the  middle,  becoming  depressed  laterally  and 
constricted  posteriorly  from  side  to  side,  so  that  behind  the  trans- 
verse processes  the  bone  narrows  towards  the  posterior  surface  to  a 
width  of  9  millim. 

The  anterior  articular  cup  is  about  11  millim.  wide  and  7  millim* 
deep,  transversely  reniform,  with  a  concavity  above  impressed  by  the 
neural  canal,  and  the  convexity  below.  It  may  have  been  slightly 
deeper,  since  the  inferior  margin  is  worn.  It  is  moderately  concave 
fr^m  side  to  side  and  fr^m  above  downward,  and  shows  in  the  middle 
a  small  notochordal  pit.  The  posterior  articular  surface  is  much 
smaller  and,  though  not  perfectly  preserved,  may  be  described  as 
semicircular,  9  millim.  wide  and  nearly  5  millim.  deep,  very  slightly 
convex  from  side  to  side,  but  on  the  whole  flattened,  witii  a  small 
central  notochordal  pit. 

The  neural  arch  is  sharply  defined  by  the  sutures  which  separate 
it  from  the  transverse  processes ;  but  the  suture  which  divides  it 
from  the  centrum  placed  at  the  summit  of  the  anterior  artioolar 
oup  is  only  sem  on  the  right  side.    The  width  of  the  neural  arch 
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ift  13  millim.,  but  rather  more  dorsally,  and  slightly  less  on  the 
centrum  as  the  sutures  with  the  transverse  processes  diverge  upward. 
The  prezygapophyses  are  broken  away,  but  the  width  across  them 
from  side  to  side  was  about  9  miUim.  Behind  the  transverse  pro- 
oesses  the  bone  is  notched  in,  so  that  the  neural  platform  projects 
backward  to  form  the  postzygapophyses,  and  the  measurement  is  a 
little  less  over  them  from  side  to  side  than  over  the  prezygapophyses. 
The  donal  aspect  of  the  neural  arch  is  the  most  distinctive  feature 
of  the  specimen,  each  half  of  it  being  horizontal  and  flattened,  with 
a  depression  at  fhe  base  of  the  netttal  spine,  which  was  narrow  and 
is  broken  away.  There  is  no  trace  of  sygapophysial  ridges  such  as 
occur  in  Varanua  and  some  other  lizards.  The  neural  canal  is  ver- 
tically ovate  in  front,  and  reaches  nearly  the  height  of  the  neural 
arch,  7  millim.,  while  the  transverse  measurement  is  over  5  miUim. 

The  transverse  processes  are  directed  outward  and  backward  as 
in  the  first  vertebra  of  existing  lizards  (fig.  12).  They  are  compressed 
from  side  to  side  and  from  above  downward,  so  that  the  transverse 
section  is  vertically  oblong  and  inclined  a  little  backward.  The 
process  extends  from  the  base  of  the  centrum  to  the  platform  of  the 
neural  arch,  and  is  11  millim.  deep  at  the  suture.  It  is  8  millim. 
wide  at  the  base  and  5  millim.  wide  at  the  neural  platform,  so  that 
the  flattened  anterior  aspects  look  obliquely  forward,  outward,  and 
upward.  The  posterior  aspect  is  vertical,  with  a  transverse  concavity 
in  the  middle.  The  posterior  margins  of  the  processes  appear  to 
hove  been  sharp  and  angular,  while  the  anterior  margins  are  slightly 
rounded.  Both  upper  and  under  surfaces  are  flattened  and  converge 
outward.    The  width  of  the  fragment,  as  preserved,  is  24  millim. 

The  most  distinctive  features  of  this  vertebra  are  found  in  the 
convexity  of  the  base  of  the  centrum,  and  in  the  transverse  pro- 
cesses rising  to  the  level  of  the  flattened  neural  platform. 

I  am  acquainted  with  no  form  of  sacrum  which  approximates 
toward  this  fossil  so  as  to  need  to  be  distinguished  by  further 
comparison. 

EXPLA17ATI0N  OF  FIGTJHBS. 
Flats  XIL 

(The  figuree  are  of  the  natond  siie.) 

Fig.   9.  Antero-fluperior  aspect  of  femur  of  PatHcoBom'W  fMnaratut. 

10.  Proximal  aspect  of  the  nme  bone. 

11.  Anterior  aspect  of  first  eaoral  Tertefara. 

12.  Inferior  aspect  of  first  saoral  vertefara. 

DlSCUBSIOH. 

Mr.  HiTLEE  said  OmUhodesmus  was  another  old  acquaintance  of 
his.  Several  bones  were  found  with  it,  now  lost.  He  had  looked 
upon  it  as  Fterodactylian. 

Mr.  BujfFOBD  suggested  that  the  name  Patricosaurus  should  be 
founded  on  one  specimen,  not  on  the  two,  lest  they  should  prove  to 
belong  to  distinct  animals,  and  confusion  result  as  to  which  should 
bear  the  name. 

a2 
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Prof.  Seblet  said  that  ont  of  many  thousands  of  bones  from  the 
Cambridge  Greensand  that  had  passed  through  his  hands  these  were 
the  only  fragments  of  Lizards.  He  thought  no  others  were  likely 
to  be  found  for  some  time,  and  there  was  little  chance  of  any  re- 
mains of  two  Lizards  occurring.  If,  however,  one  bone  were  to  be 
selected  as  the  type,  he  would  take  the  femur,  to  which  the  specific 
name  referred. 

With  regard  to  Omithodemnus,  he  said  that  it  differs  from  all 
Omithosaurs  in  having  a  horizontal  neural  platform  running  through 
the  sacrum,  and  from  which  a  continuous  neural  spinous  ridge  rises. 
The  transverse  processes  and  pneumatic  foramina  did  not  tend  to 
approximate  the  two  groups ;  while,  so  far  as  he  was  aware,  the 
Wealden  Omithosaurs  had  the  ventral  side  of  the  sacrum  much 
more  convex  from  side  to  side.  He  further  pointed  out  that  the 
texture  and  form  of  the  sacral  vertebre^  differed  from  those  of  known 
Pterodactyles. 
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20.  On  ABIST061TCHX78  PUBiLLirs  (Owen)^  being  Fubthhb  Notbs  on  the 
Fossiu  deeerihed  by  Sir  E.  Owev  c»  Poiulopleubon  pusiLLVSy 
Owm.  By  H.  G.  Sbblbt,  F.R.8.,  F.G.S.,  Professor  of  Geo- 
graphy in  King's  College,  London.    (Bead  March  9,  1887.) 

[Plati  xn.] 

Thb  Pakeontographioal  Society  in  1876  published  a  memoir  upon  a 
Wealden  fossil,  which  Sir  Richard  Owen  described  as  JRinkihpieuran 
pusillus.  These  bones  were  then  in  the  collection  of  the  Bev.  W. 
Darwin  Fox,  and,  with  the  exception  of  tiie  figured  dorsal  and 
caudal  vertebrsB,  subsequently  passed  into  the  British  Museum,  with 
the  Fox  Collection.  By  the  kindness  of  Dr.  Henry  Woodward, 
F.R.8.,  Keeper  of  the  Geological  Department,  I  have  been  able  to 
examine  these  remains,  and  I  would  express  my  indebtedness  for 
the  facilities  given  me  in  making  the  study  of  which  the  results 
follow. 

A  question  necessarily  arises  as  to  the  grounds  on  which  the  animal 
is  referred  to  the  genus  Poikilopleuron  (recte  PcecilopUurum),  because 
these  are  stated  to  be  *'  the  shape  and  texture  of  the  yertebrsB,  and 
especially  the  latter."  This  statement  implies  that  when  a  dorsal  ver- 
tebra was  divided  vertically  and  longitudinally,  it  was  found  to  have  a 
medullary  cavity,  comparable  to  that  seen  in  the  vertebrae  of  Poikilo- 
pleuron, In  the  caudal  vertebra  the  cavity  is  larger.  Dr.  Leidy,  who 
has  recorded  a  vertebra  of  the  Poikilopleuronrtji^  in  the  Cretaceous 
rocks  of  Colorado,  remarks  that  an  internal  cavity  of  like  character 
was  only  known  to  him  in  the  caudal  vertebrae  of  the  Ox  ;  but  it  is 
probably  not  rare  among  Dinosanrian  reptiles.  Mr.  Hulke  has  shown 
that  the  character  is  also  found  in  Megalosaurus^  and  other  genera 
with  hollow  vertebrae  have  been  described  by  Profs.  Maish  and 
Cope.  Whatever  the  value  of  this  character  may  be,  I  submit  that 
it  is  not  generic,  while  there  is  no  evidence  which  would  associate 
any  group  of  osteological  characters  with  chambered  vertebrae 
of  this  type. 

Mr.  Hulke  has  advanced  some  evidence  to  show  that  Poikilo^ 
pleuron  is  MegaloeawnAs,  and  it  will  be  admitted  that  the  corre- 
spondence in  form  and  character  of  the  caudal  vertebrae,  and  in  the 
diistal  end  of  the  tibia  in  these  OoHtic  Dinosaurs,  if  insufficient  to 
establish  absolute  identity,  at  least  proves  a  close  affinity  between 
them.  And  therefore  the  conclusion  is  legitimate  that  the  re- 
semblances found  in  the  tail  extend  substantially  to  the  sacrum,  and 
that  the  same  type  of  sacrum  is  found  in  Poikilopleuron  as  in  Mega^ 
loeaurus.  When  examining  the  validity  of  the  genus  Poikilopleuron 
Mr.  Hulke  did  not  discuss  the  sacrum,  which  constitutes  the  chief 
part  of  the  evidence  for  the  species  Poikilopleuron  ptrnUus. 

If  Sir  Richard  Owen  is  correct  in  his  description  of  the  sacrum  of 
that  fossil  in  referring  only  two  vertebrae  to  the  sacral  region,  and 
if  the  aacrom  of  MegcUosai^rus  consists  of  five  anchylosed  vertebrae, 
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it  is  manifest,  I  snbmit,  that  the  PotkUopleuron  pugUlus  and  Mega- 
losaurus  Buehlandi  belong  to  two  dissimilar  genera.  But  the 
attempted  affiliation  of  the  Wealden  fossil,  now  under  discussion, 
to  the  genus  PoihUopleuron  does  not  establish  the  sacral  characters 
of  the  genus  PoikilopleuTon,  or  fdmish  any  ground  for  associating 
the  genus  with  the  CrocodOia.  The  characters  assigned  to  this 
fossil  would  rather  go  to  show  that  it  belongs  to  a  genus  which  can 
have  no  near  affinity  to  P(nktlopleur<^n,  In  his  Report  on  British 
Fossil  Beptiles,  Sir  R.  Owen  fully  described  the  characters  of  the 
sacrum  of  Megalotaurus^  and  he  there  points  out  that  the  neural 
arch  is  shifted  in  position,  so  that  it  overlaps  the  centrums  of  two 
contiguous  yertebro,  as  in  the  Ostrich  and  other  birds  and  some 
Ghelonians,  so  as  to  cause  the  perforation  for  the  sacral  nerve  to  be 
placed  above  the  middle  of  the  centrum,  and  that  the  sacral  ribs 
are  given  off  transversely  at  the  junction  of  the  bodies  of  the  ver- 
tebrs.  When  the  fossil  named  PoUcUopleuron  pusiUus  is  examined, 
both  these  conditions  of  the  Dinosaurian  sacrum  are  found  to  be 
wanting.  Each  sacral  centrum  supports  its  own  neural  arch,  the 
neural  foramen  has  the  same  relative  position  as  in  other  parts  of 
the  verticbral  column ;  and  the  sacral  ribs  are  given  off  from  the 
bodies  of  the  vertebre,  and  not  from  the  suture  between  them.  It 
is  therefore  evident  that  the  fossil  is  far  removed  from  Megahsaurus, 
and  inferentially  from  Poikilopleuron.  Aa  it  differs  in  fundamental 
characters  from  known  Dinosaurs,  while  there  are  strong  reasons 
for  believing  it  to  be  Dinosaurian,  I  regard  it  as  the  type  of  a  new 
genus,  Aristomchus, 

Sir  B.  Owen  has  figured  some  bones  which  were  associated  with 
this  sacrum  (see  PI.  XU.  fig.  14).  There  is  a  median  symmetrical 
bone,  to  which  are  attached  portions  of  a  pair  of  rib-like  bones,  on 
which  the  author  observes,  **  the  nearest  guess  I  can  make  as  to 
their  nature  is  that  they  represent  part  of  the  series  of  abdominal  ribs 
with  their  sternum."    These  remains  I  regard  as  the  pubes. 

An  ungual  phalanx  is  figured  on  the  same  plate,  and  briefly 
described  as  being  "  of  the  rapacious  type."  This  fossil  I  think 
should  probably  be  rejected,  as  not  being  a  portion  of  the  same 
animal,  for  it  shows  all  the  characters  of  a  claw-phalange  from  the 
fore  limb  of  an  Ornithosaur,  though  it  may  be  observed  that  in 
Lcdaps  the  daw-phalanges  are  as  much  compressed  from  side  to 
side.  With  these  differences  in  the  interpretation  of  the  remains  a 
new  description  of  their  characters  becomes  a  necessity. 

I  will  first  examine  the  pubic  bones  and  assume,  as  Sir  B.  Owen 
has  done,  that  these  bones  are  in  natural  association  with  the 
sacrum,  with  which  they  are  still  closely  connected  by  matrix, 
though  they  are  displaced  and  are  twisted  round,  so  that  the  anterior 
border  is  dlrect'Cd  posteriorly. 

The  pubic  bone  is  imperfect  proximally,  and  the  expanded  portion 
which  united  with  the  ischium  and  iHum  is  lost.  The  parts  pre- 
served are  the  anteriorly  directed,  distally  extended,  rod-like  parts 
of  the  pubes,  which  converge  towards  their  distal  extremities,  where 
they  merge  in  a  horizontal  posterior  extension  capable  of  assisting 
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in  the  support  of  the  weight  of  the  body  when  at  rest.  This  type 
of  pubis,  which  Professor  Marsh  has  described  in  Allosaurus  and 
Ccdurus,  has  not  hitherto  been  detected  in  this  country,  but  may  be 
present  in  the  Wealden  rooks  in  other  species ;  for  while  studying 
this  specimen,  Dr.  Henry  Woodward  submitted  to  me  the  pubis, 
imperfect  distally,  of  a  type  very  similar  to  Ccelurus^  from  TUgate. 
This  corroboration  is  the  more  interesting  as  the  Sussex  type  of 
animal  shows  the  proximal  end  of  the  bone. 

The  pubes  are  somewhat  crushed  together  (fig.  14,  o) ;  I  accord- 
ingly drew  the  anterior  aspect  of  one  of  the  bones  in  its  natural 
position,  and  repeated  it,  reversed,  on  the  opposite  side,  so  as  to 
reproduce  the  form  wbich  the  pubic  bones  show  when  seen  from 
the  front  (see  woodcut  below),  with  the  result  that  a  close  general 
resemblance  was  established  to  the  pubis  which  Marsh  has  referred 
to  Ccdurus ;  and  without  attaching  too  much  taxonomic  importance 
to  this  fact,  it  establishes  the  interest  of  the  fossil,  in  being  a 
European  representative  of  an  American  type. 


Anterior  aspect  of  pubio  bones  of  Ariatomckus  restored,    i  nat.  size. 
a.  Unossified  extremity  of  the  yentral  keel. 

The  part  of  the  pubic  bone  preserved  in  this  specimen  extends 
distally  for  13  centimetres.  Where  the  bones  converge  distally 
they  unite  at  an  angle  of  about  60°  with  the  posterior  extension 
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which  extends  like  the  metal  of  an  adze  from  the  haft.  Where  tilie 
bones  are  fractured  proximally  they  are  compressed  from  side  to 
side,  and  extend  upward  with  a  slight  sigmoid  curve  inward,  which 
is  completed  distally  by  the  convergence  of  the  bones.  At  ihe 
proximal  fracture  the  bone  measures  12  millimetres  in  the  antero- 
posterior direction,  and  6  millimetres  from  within  outward,  with 
the  borders  rounded  in  front  and  behind,  but  a  linear  muscular 
furrow  ascends  the  inner  posterior  border  of  the  bone.  As  the  bone 
expands  a  little  in  antero-posterior  extent  as  it  extends  proximally 
it  curves  a  little  forward,  making  the  anterior  border  of  the  proximd 
end  of  the  bone  slightly  concave,  and  the  posterior  border  very 
slightly  convex.  All  the  middle  portion  of  the  bone  preserves  about 
the  same  antero-posterior  measurement  of  8  millimetres ;  but  dis- 
tally the  measurement  increases  by  an  expansion  which  is  chiefly 
behind  the  median  axis  of  the  bone,  till  at  its  line  of  junction  with 
the  posterior  distal  expansion  its  width  is  2*5  centimetres. 

The  middle  of  the  shaft  is  well-rounded  externally,  but  as  the 
bone  widens  distally  this  external  surface  begins  to  be  flattened  till 
it  merges  in  the  flat  distal  posterior  expansion.  But  the  middle  of 
tho  shaft  is  compressed  from  front  to  back,  so  as  to  form  a  sharp 
internal  edge,  and  here  the  measurement  fr^m  within  outward  is 
13  millimetres.  This  sharp  internal  ridge  is  6  centimetres  long  and 
parallel  to  the  external  outline.  In  this  region  of  the  bone  the 
anterior  face  is  convex  from  within  outward,  while  in  length  there 
is  a  very  slight  convexity.    The  posterior  aspect  is  flattened. 

Distally  for  a  length  of  fully  3  centimetres  the  bone  is  compressed 
from  within  outward.  Anteriorly  something  of  the  distal  termina- 
tion may  be  lost,  but  tho  mass  preserved  extends  posteriorly  for  9*3 
centimetres,  with  a  perfectly  straight  flat  base,  which  is  1*5  centi- 
metres wide  in  front,  and  narrows  posteriorly  to  a  few  millimetres. 
A  median  groove  deepening  in  front  extends  along  the  anterior  end 
of  the  base  for  3*5  centimetres.  The  lateral  surfaces  of  this  posterior 
keel  are  slightly  concave ;  they  converge  upward  to  a  sharp  keel, 
which  has  a  gently  convex  contour,  as  it  tapers  posteriorly  to  a 
blunt  point ;  its  depth  near  the  shaft  is  2  centimetres. 

Both  the  pubic  bones  are  slightly  displaced  distally,  where  they 
unite  with  this  keel,  and  these  junctions,  which  are  not  quite  sym- 
metrical, have  been  regarded  by  Sir  R.  Owen  as  sutures.  The 
point  is  difficult.  The  anterior  extremity  of  the  bone  was  certainly 
cartilaginous,  and  the  anterior  extremities  of  the  pubes  are  exposed, 
distinct  from  each  other,  and  distinct  from  the  keel ;  but  this  is 
hardly  conclusive  evidence  of  separate  ossification,  which  is  not 
improbable.  Proximally  a  small  fragment  of  a  thinner  bone  is 
seen,  posterior  in  position,  which  may  have  belonged  to  the  ischium. 

The  only  animcds  with  which  this  form  of  pubis  can  be  compared 
have  been  described  by  Prof.  Marsh  as  Cahirus^  with  which  genus 
Prof.  Marsh  identifies  the  specimen  now  described  *.  So  far  as  I 
can  judge  from  the  figures  given  by  Marsh,  it  is  simply  proved  to 
be  closely  related  to  Allosaurtu,  Ccdurue^  and  Qeratosaurus^  and 
*  American  Journal  of  Sdenoe,  voL  zxrii.  p.  336  (April  1884). 
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though  I  may  think  the  resemblanoe  strongest  with  Ccelunu  and 
AU<MMvaru8,  it  may  be  eqnally  strong  with  Ceratosaurus,  But  when 
Prof.  Marsh  refers  pelvic  structures  so  simQar  as  the  pubes  of 
AUotaurus  and  Ceratosauruf  to  distinct  suborders  of  the  Dmosauria, 
I  can  only  conclude,  if  these  references  are  correctly  made  and 
sostained,  that  the  pubis  is  not  always  a  bone  on  which  a  generic 
identification  can  be  based,  especially  when  it  is  imperfect  proxi- 
mally.  I  should  not  thus  have  ventured  to  question  Prof.  Marsh's 
reference  of  this  pubis  to  a  genus  of  his  own  creation  were  it  not 
that  there  is  what  I  regard  as  strong  ground  for  believing  that  the 
sacrum  associated  with  the  pubis,  no  less  than  the  dorsal  vertebra 
figured  by  Sir  E,  Owen,  belong  to  a  genus  which  can  be  but 
distantly  related  to  Ccelurus. 

Sir  R.  Owen,  in  representing  the  vertical  section  of  the  dorsal 
vertebra,  shows  that  the  centrum  is  formed  of  the  same  kind  of 
tissue,  and  ossified  in  the  same  way  as  the  vertebrss  of  Dinosaurs 
in  general,  except  that  a  fusiform  longitudinal  space  is  enclosed 
which  gives  no  indication  of  being  pneumatic,  and  appears  to  open 
into  the  neural  canal.  Now,  in  Codurus,  Prof.  Marsh  has  defined 
a  genus  which,  in  the  construction  of  its  axial  skeleton,  can  only  be 
compared  to  Omithosaurs,  having  the  bones  invested  with  a  thin 
film  of  bone-tissue  of  uniform  thickness  and  distinctive  peculiar 
texture.  This  character  is  as  well  demonstrated  in  Marsh's  section 
of  a  dorsal  vertebra  as  in  the  cervical  region.  Therefore  the  dorsal 
vertebrsB  of  ArUtosuchus  cannot  be  referred  to  Ccdurus.  Moreover 
the  mode  of  attachment  of  the  ribs  is  dissimilar.  And  hence  I 
submit,  as  the  sacrum  of  Ccdwnis  is  unknown,  there  is  no  reason  to 
suppose  that  it  would  be  at  all  like  the  sacrum  of  Aristomekus^ 
which  I  now  describe. 

There  are  five  vertebrsB  in  the  sacrum  completely  anchylosed 
together  by  their  neural  arches  (fig.  13),  and  either  anchylosed  or  in 
process  of  anchylosis  by  their  centrums.  Sir  R.  Owen  regards  the 
two  posterior  vertebree  as  sacral,  and  the  three  anterior  vertebrsB  as 
lumbar.  Here  the  difference  of  interpretation  must  be  adjusted  by 
the  definition  of  the  sacrum  which  is  adopted.  If  the  sacral  vertebrss 
are  those  from  which  strong  sacral  ribs  are  given  off  for  support  of 
the  ilium,  then  no  doubt  only  two  such  vertebrsB  can  be  counted, 
and  the  other  three  vertebree  in  which  the  ilium  is  more  or  less 
supported  on  transverse  processes  given  off  from  the  neural  arch 
may  be  termed  sacro-lumbar  vertebr©.  This,  however,  involves 
theoretical  considerations  which  cannot  be  demonstrated,  for  it  is 
impossible  to  say  bow  many  sacral  nerves  united  into  a  sacral 
plexus.  And  as  all  the  transverse  processes  have  the  same  trans- 
verse development  (fig.  18,  <;,  and  the  anchylosis  of  the  vertebrae 
shows  that  they  took  part  in  supporting  the  body,  I  adhere  to  the 
old  nomenclature,  and  regard  all  the  vertebrae  which  supported  the 
ilium  as  sacral.  I  believe  the  anterior  vertebree  also  contributed  to 
support  the  pelvic  bones,  though  their  share  in  the  work  was  less 
than  that  of  the  last  two. 

There  is  a  fundamental  difference  in  the  plan  of  structure  of  the 
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saonun  and  that  of  moat  other  BritiBh  Wealdea  reptilBB ;  for  while 
the  tranisyerBe  prooeeaes  or  sacral  ribs  in  Iguanodon,  HyloBOtaurus^ 
Megalosaurus^  &c.  are  giyen  off  at  the  junction  of  the  centrums,  the 
transverse  processes  ajre  here,  as  Sir  K.  Owen's  figure  shows,  given 
off  from  the  individual  vertebne  to  which  they  belong  (fig.  14),  aa 
in  the  American  genera  described  by  Marsh,  such  as  Morosaturus^ 
Apatosawrtu^  Atlant<>$auru$,  Siegciounu,  Broniotawrut^  &c.,  and  as 
in  OmoBawrut. 

The  five  sacral  vertebrsB  measure  12  centimetres.  The  first  two 
(fig.  14, 1,  a)  are  very  slightly  longer  than  the  succeeding  three.  The 
bodies  of  the  vertebns  are  constricted  from  side  to  side,  so  that  though 
the  flat  transversely  ovate  articular  £EU)e  of  t^e  first  vertebra  measures 
2*2  centimetres  wide  by  1*8  centimetre  deep,  the  transverse  mea- 
surement through  the  middle  of  the  centrum  is  only  7  or  8  milli- 
metres. The  form  of  the  centrum  is  thus  almost  Teleosaurian  in 
its  constriction.  The  second  centrum  has  a  slight  tendency  to  be 
flattened  on  the  ventral  side,  which  is  less  marked  in  the  third, 
while  t<he  fourth  appears  to  carry  a  slight  median  ridge.  The 
parallel  ligamentous  striations  seen  on  the  anterior  border  of  the 
first  vertebra  are  necessarily  absent  from  the  subcrenulate  juno- 
tionn  of  the  succeeding  vertebrae. 

The  neural  spine  is  very  thin  and  is  broken  away  in  every  spe- 
cimen (fig.  13,  fu),  so  that  the  greatest  height  from  the  base  of  the 
centrum,  as  preserved,  is  only  3*5  centimetres.  The  third  and  fourth 
vertebrsB  develop  additional  lateral  spines,  one  on  each  side  of  the 
median  vertical  neural  spine,  and  these  spinous  processes  directed 
outward  and  upward,  termed  metapophyses  (fig.  13,  m),  correspond  to 
those  seen  in  the  lumbar  and  caudal  vertebrsd  of  many  mammals  and 
the  sacrum  of  Megalosaurus.  Metapophyses  are  indicated  on  the 
second  vertebra  by  long  blunt  ridges,  and  on  the  fifth  vertebra  by 
short  ridges  which  are  almost  tubercles. 

The  transverse  process  from  the  first  sacral  vertebra  (fig.  14, 1)  is 
given  off  from  the  sides  of  the  neural  arch,  and  is  directed  obliquely 
upward  and  backward,  terminating  outward  in  a  narrow  vertically 
compressed  process  of  a  wedge  shape,  constricted  in  the  middle, 
flattened  behind,  sharp  in  front,  concave  below,  and  convex  above, 
with  a  strong  tubercle  in  the  middle  of  the  upper  surface. 

The  transverse  measurement  between  the  extremities  of  the  pro- 
cesses is  33  millimetres.  The  antero-posterior  extension  of  the 
process  along  its  outer  border  is  12  millimetres,  and  the  correspond- 
ing measurement  at  the  middle  of  the  constriction  of  its  sides  is  7 
millimetres. 

The  transverse  process  of  the  second  vertebra  is  in  the  anterior 
half  of  the  vertebra,  has  a  strong  base  posteriorly,  and  forms  a  ver- 
tically elongated,  somewhat  flattened,  articulated  surface,  which  is 
1*9  centimetre  deep  in  front,  where  the  vertical  border  is  concave, 
and  1*1  centimetre  deep  behind,  so  that  the  upper  and  lower  sur- 
faces converge  posteriorly  (fig.  14,  a).  Its  antero-posterior  extent  is 
1  centimetre.  The  articular  surface  is  irregular  in  contour,  weU 
defined,  and  does  not  extend  to  quite  the  same  upward  elevation  as 
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the  fint  procees.  Its  wg^g&r  aspect  is  an^fular,  with  an  oblique  ridge 
extending  outward  and  forwaid  to  its  superior  angle. 

The  transyerse  process  of  the  third  vertebra  is  on  a  level  with  the 
neural  canal  and  has  a  strong  base.  It  is  12  or  13  millimetres  long, 
is  in  the  middle  of  the  length  of  the  vertebra,  and  forms  a  vertically 
compressed  lamina  (fig.  14,  s).  It  is  slightly  convex  below  and  flat- 
tened above,  with  a  sharp  ridge  on  its  anterior  margin,  which  extends 
obliquely  inward  and  backward,  and  ascends  the  side  of  the  meta- 
pophysis,  inclined  obliquely  backward. 

In  the  fourth  vertebra  the  transverse  process  is  much  stronger. 
It  arises  teom  the  anterior  half  of  the  centrum,  and  like  the  process 
&om  the  preceding  vertebra  is  partly  on  the  centrum  and  partly  on 
the  neural  arch.  It  is  elongated  m  the  antero-posterior  direction, 
Bubreniform  on  the  articular  facet,  which  is  expanded,  and  flattened 
and  convex  below,  17  millimetres  long,  about  8  millimetres  deep 
behind,  and  less  in  front  (fig.  14,  4).  A  strong  transverse  ridge  on 
the  hinder  part  of  the  upper  surface  defines  an  anterior  concave  area, 
and  ascends  the  middle  of  the  metapophysis.  The  transverse  mea- 
surement between  the  facets  for  the  iUa,  as  in  the  previous  vertebra, 
is  about  3  centimetres. 

The  process  on  the  fifth  vertebra  is  of  about  the  same  length.  Its 
antero-posterior  extent,  ITmiUimelTes,  is  slightly  greater,  but  it  is  less 
deep.  It  is  flattened  on  the  underside.  The  outline  of  the  facet 
for  the  ilium  is  subtriangular,  owing  to  the  very  strong  development 
of  the  ridge  on  its  upper  surface.  This  ridge  extends  obliquely 
forward  so  as  to  define  an  anterior  concave  cup-like  depression,  and 
a  posterior  oblique  area  on  which  is  a  tubercle  which  represents  the 
metapophysis.  On  this  vertebra  the  facets  of  the  postzygapophyses 
are  developed  {^g.  14,  pz).  The  transverse  measurement  over  them 
is  12  millimetres ;  they  are  divided  posteriorly  by  a  deep  vertical 
furrow  which  ascends  the  neural  spine  so  far  as  it  is  preserved. 
They  have  the  usual  ovate  form,  and  look  obliquely  downward  and 
outward.  Only  the  margin  of  the  posterior  surface  of  the  centrum 
is  exposed. 

The  outlets  for  the  sacral  nerves  are  through  round  foramina, 
situate  between  the  centrum  and  the  neural  arch,  at  the  junction  of 
two  vertebrsB  (fig.  14,/).  They  are  seen  on  the  left  side  in  the 
second  vertebra,  and  on  the  right  side  in  the  third  and  fifth. 

The  half  of  the  dorsal  vertebra  preserved  has  the  centrum  2  centi- 
metres long  at  the  base  and  2*2  centimetres  long  on  the  neural  canal, 
and  this  indicates  that  the  back  was  arched.  The  articular  ends  of 
the  centrum  are  very  slightly  concave,  with  a  ligamentous  marking 
at  the  external  border.  The  middle  of  the  centrum  is  constricted 
and  rounded  at  the  base.  The  transverse  process  is  thin  and  given 
off  above  the  neural  canal.  From  the  neural  platform  an  anterior 
ridge  descends  almost  vertically,  and  another  ridge  descends  obliquely 
behind  it.  The  height  of  the  platform  from  the  base  of  the  centrum 
is  2-«5  centimetres.    The  height  of  the  centrum  is  1*4  centimetre. 

Only  a  fragment  of  a  caudal  vertebra  is  preserved.  It  is  similar 
in  form  to  that  figured  by  Sir  B.  Owen,  and  similar  to  that  attri- 
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buted  by  Marsh  to  Gcdurus^  and  is  similarly  hollow.  Whafc  is  the 
evidence  of  its  association  with  the  other  remains  cannot  now  be 
determined.  The  bone  has  a  well-marked  basal  canal,  defined  at 
its  extremity  by  the  relatively  large  conflaent  facets  for  the  chevron 
bones,  which,  subtracting  from  the  quadrate  end  of  the  bone,  convert 
it  into  a  transversely  ovate  articulation. 

I  conclude  that  this  animal  is  distinct  from  every  British  Dinosaur, 
but  that  it  is  nearly  related  to  some  imperfectly  known  types,  de- 
scribed by  Prof.  Marsh,  like  Allosaurus.  But  what  the  nature  of 
that  relation  may  be  must  remain  undetermined  untU  more  is  known 
of  the  American  Dinosauria. 


EXPLANATION  OP  FiaUBBS. 

Plate  XII. 

(The  figures  are  of  the  natural  siie.) 

Fig.  1<3.  Neural  aspect  of  sacrum  of  Arisiosuchus,  showing  the  transyerse  pro- 
cesses, metapophjsee,  and  neural  spines :  fw,  neural  spine ;  m,  me- 
tapopbjses ;  t,  t,  transTerse  processes ;  pg^  postzygapophysis. 
14.  Lateral  view  of  sacrum  and  puDes,  showing  their  association :  /  fora- 
men of  sacral  nerre ;  />,  pubic  bones ;  pz,  postz^gapophysis. 

DiBCUSSIOK. 

The  President  said  that  valuable  work  was  being  done  by  Prof. 
Seeley  in  reexamining  forms  long  since  described,  and  comparing 
them  with  the  more  recent  American  discoveries. 

Mr.  HuLKB  had  known  the  specimen  for  a  long  time,  even  before 
it  was  described  by  Prof.  Owen.  He  quite  agreed  that  the  specimen 
had  nothing  to  do  with  Poikilopleuron,  He  thought  the  three  ante- 
rior vertebras  were  different  from  the  two  posterior,  and  doubted  if 
the  first  three  were  sacral.  The  first  transverse  process  appeared 
to  him  longer  than  the  others.  The  question  as  to  whether  the 
remains  were  Crocodilian  or  Dinosaurian  was  intimately  connected 
with  this  identification  of  the  vertebrse.  There  was  also  a  question 
as  to  whether  the  bones  referred  by  Prof.  Seeley  to  the  pubis  had 
the  form  of  symphysial  union  assigned  to  them.  He  preferred  sus- 
pending his  judgment  for  the  present. 

Prof.  JSeelet,  in  reply,  said  he  thought  if  the  specimen  had  been 
before  the  Society  there  would  not  appear  to  be  much  difference  be- 
tween his  views  and  Mr.  Hulke's.  He  showed  that  the  last  vertebra 
preserved  was  the  posterior  sacral  vertebra  because  the  postzygapophy- 
ses  were  preserved,  whilst  the  first  three  of  the  five  had  approximately 
the  same  transverse  measurement  as  the  last  two.  No  doubt  the 
transverse  processes  differ,  but  this  is  the  case  in  other  Dinosaurs. 
It  was  quite  possible  that  the  pubic  bones  had  the  keel  separately 
ossified ;  but  he  thought  there  could  be  no  doubt  as  to  the  osteo- 
logical  identification. 
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21.  On  theXk)KaxLATiov  of  the  Uppsb  Jubassic  Bocks  of  the  Byfiw 
JusA  with  those  of  Englaitd.  By  Thomas  Robbbtb,  Esq.,  M.A.y 
F.6.6.,  WoodwardiaD  Museum,  Cambridge.  (Bead  January 
26, 1887.) 

Ik  the  summer  of  1884  the  author  was  sent  out  by  the  Uuiversity 
of  Cambridge,  with  a  grant  from  the  Worts  Fund,  to  study  the 
Jurassic  rocks  of  the  Jura.  He  was  accompanied  by  Mr.  E.  W. 
Small,  M.A.,  Christ's  College.  Some  of  the  results  then  obtained 
are  given  in  the  present  paper. 

The  Jura  range  of  mountains  is  formed  in  great  part  of  rocks  of 
Jurassic  age,  which  have  been  thrown  into  a  series  of  folds  running 
more  or  less  parallel  to  each  other  in  a  north-east  and  south-west 
direction.  These  folds  are  usually  quite  simple,  and  it  only  rarely 
oocors  that  the  foldings  have  gone  on  to  such  an  extent  that  the 
beds  are  inverted. 

If  one  examines  a  geological  map  of  the  district,  it  will  be  seen 
tiiat  the  surface  of  the  ground  is  occupied  principally  by  Upper 
Jurassic  Bocks ;  indeed  all  the  higher  ground  is  so  formed,  and  it  is 
only  in  the  valleys  and  gorges  which  run  transversely  across  the 
folds,  or  in  the  centre  of  the  folds  where  the  upper  portion  has 
been  removed  by  denudation,  that  older  beds  are  seen. 

In  this  paper  it  is  proposed  to  deal  only  with  the  Upper  Jurassic 
Bocks.  In  this  term  are  included  all  the  beds  which  lie  between  the 
base  of  the  Callovian  and  the  summit  of  the  Purbeckian,  and  as 
such  it  is  generally  understood  by  English  geologists.  This  classi- 
fication, however,  differs  from  that  given  by  many  foreign  authors, 
rinoe  what  is  here  included  in  the  Upper  Jurassic  is  equivalent  to 
their  Middle  and  Upper  Jurassic. 

It  is  proposed  to  give,  first  of  all,  a  general  description  of  these 
rocks  SB  seen  in  the  district  visited,  and  then  to  attempt  their  corre- 
lation with  the  Upper  Jurassics  of  England.  The  Jura  itself  has 
been  fiilly  described  by  Swiss  geologists  and  others,  and  the  follow- 
ing memoirs  refer  more  particularly  to  the  geology  of  the  portion  of 
the  Jura  with  which  it  is  proposed  to  deal : — 

(1)  Qbbppib,  J.  B.    Essai  g^logique  sur  le  Jura  Suisse.    Dele- 
mont,  1867. 

(2)  Qbbppih,  J.  B.    Mat^riaux  pour  la  Carte  Gf^ologique  de  la 

Suisse  (Jura  Bernois  et  districts  adjaoents).    Berne,  1870. 

(3)  Jaocabd,  a.    Mat^riaux  pour  la  Carte  Geologique  de  la 

Suisse  (Jura  Yaudois  et  Neuch&telois).    Berne,  1869. 

(4)  Dbsob  and  Gbbssly.    Etudes  G^logiques  sur  le  Jura  Neu- 
ch&telois. 

A  compete  Hst  of  papers  on  the  geology  of  the  central  part  of 
the  Jura  is  given  by  Jaccard  {op.  eit»  p.  331). 


Digitized  by  LjOOQ IC 


230  MB.  t.  SOBtRTB  OF  THS  TTPPER  JTTSiJBBIC  BOCKS 

Since  the  publication  of  Oppel's  work  *I>ie  Jnra  Formation*  in 
1856-68,  but  little  has  been  done  towards  the  correlation  of  the  Ju- 
rassic beds  of  the  Jura  with  those  of  England,  and  since  that  time 
many  new  discoveries  have  been  made  both  in  England  and  in  the 
Jura,  which  tend  to  make  the  task  of  correlation  somewhat  more  easy. 

The  district  yisited  is  included  in  the  cantons  Berne,  Nench&tel, 
and  Yaud ;  and  as  the  rocks  in  the  north  part  of  the  Jura  differ 
considerably  from  their  equivalents  in  the  central  Jura,  we  may 
conveniently  divide  the  area  into  two  parts,  a  northern  and  a 
southern.  The  northern  district  contains  the  greater  part  of  the 
Jura  Bemois,  its  southern  boundary  being  a  line  running  east  and 
west  through  St.  Imier.  The  southern  district  includes  the  re- 
maining portion  of  the  Jura  Bemois,  together  with  the  whole  of 
the  Neuch&telois  and  Yaudois. 

Before  commencing  the  description  of  the  geology  of  the  above 
districts,  it  is  necessary  to  state  ^at  much  vtJuable  assistance  was 
received  from  the  following  geologists,  who  accompanied  us  on  most 
of  the  excursions  made  in  their  respective  districts,  and  to  whom 
the  success  of  our  expedition  was  in  great  measure  due : — 

M.  Mathey,  at  Del^mont;  Prof.  Koby,  at  Porrentruy;  Prof. 
Bollier,  at  St.  Imier ;  Prof.  Jaccard,  at  Lode  and  NeuehAtel ;  Prof. 
GoUiez,  at  Ste.  Croix. 

I  have  also  to  thank  Prof.  Eenevier  of  Lausanne  for  a  letter  of 
introduction  to  the  above-named  gentlemen ;  and  to  Prof.  Hughes  I 
am  indebted  for  much  help  and  advice. 

1.  The  Nobthkbn  ob  Bsbvois  Distbiot. 

The  geology  of  the  Jura  Bemois  has  been  fully  described  by 
Greppin  in  the  works  already  referred  to  (1  and  2),  and  there  is  a 
geological  map  of  the  district  by  the  same  author.  He  gives  (*  Jura 
Bemois,'  &e.  p.  210)  the  following  classification  of  the  upper  series 
of  the  Jurassic  Bocks : — 


Jura  blimo  on 
Supdrieur 


I.  PurbeoldeiL 

n.  Portlandien. 
in.  YirgulieiL 
lY.  Eimm^ridgiea  (or  Ft^roodrifin). 

Y.  S^quanien  (or  ABtartienV 
YI.  Saaraden  (or  GaraUien}. 


I.  Qzfordien. 
I.  OallovieD. 
Jura  Bmn  Bathonien,  &o. 


JuraMoyen{  jj   OaUovien. 


As  already  stated,  the  group  of  rocks  with  which  it  is  proposed 
to  deal  ia  included  in  the  above  "  Jura  Bup^eur  "  and  "  Moyen." 

The  "  Callovien,"  the  lowermost  division  of  the  upper  Jurassics, 
is  subdivided  into : — 

2.  Le  fer  sous-oxfordien. 

1.  La  zone  h  Ammonites  maerocepTiahis. 

The  opinion  of  the  Swiss  geologists  is  not  unanimous  as  to  the 
true  position  of  these  beds.    Greppin  sttftes  (op,  cit)  that  in  the 
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north-east  part  of  the  distriot  these  beds  immediatelj  overlie  the 
Calctdre  rouof  sableux,  and  in  the  south-west  region  the  Dalle  naeree^ 
both  of  which  are  included  in  the  Bathonian.  They  are  overlain  in 
the  southern  chains  by  the  Galeaire  d  Seyphies  vnfdrimir,  and  in  the 
northern  chains  by  the  C<mehe  mameuse  d  Cidaris  Iceuitucula^  i.  e, 
Oxfordian.  M.  Mathey  considers  that  the  DaUe  nacrSe  overlies  the 
Zone  d  Ammonites  macroeepkaius.  (**  Coupes  G^ologiques  des  Tunnels 
du  Doubs,"  eztr.  from  Denkschriften  d.  Schweiz.  Gesellsoh.  f.  d.  ges. 
Natnrw.  Band  xjox.  pp.  7  and  15.)  Choffat  supports  the  same  view 
(Esquisse  du  Callovien  et  de  I'Oxfordien,  pp.  19,  20).  He  would 
also  exclude  the  Callovian  from  the  Jura  superieur  (Jornal  de 
Sciencias  Mathematicas,  &c.  no.  xl.,  1885),  an  opinion  which  is.oon- 
troverted  by  Neumayr  (Neues  Jahrb.  f.  MinenJ.  Geol.  &c.,  1884, 
pp.  227-230).  The  most  generally  accepted  view,  however,  appears 
to  be  that  which  is  adopted  by  Greppin. 

The  Zone  of  A.  macroeephalu»y  both  by  its  fauna  and  petrological 
eharacters,  is  easily  recognized.  It  is  described  as  a  rough,  red, 
grey,  or  blackish  limestone,  alternating  with  clays  of  the  same 
colour,  and  having  a  thickness  of  from  3  to  6  feet. 

The  exposures  in  it  are  not  numerous,  since  it  usually  forms  low 
ground.  A  small  section  was  seen  on  the  roadside  above  Mont- 
melon,  showing  the  following  beds : — 

1.  Oolitheoorallien. 

2.  Terrain  k  chaiUes. 

3.  Oxfordisn. 

4.  (Nothing  seen ;  probably  oocnpied  by  the  oUyey  portion  of  the  OalloTien.) 

5.  OaUoTien,  a  ooaree  oolitio  ferruginous  limestone  with  fossils. 

The  beds  immediately  overlying  and  underlying  the  Callovian 
were  not  shown. 

A  rock  possessing  the  same  lithological  characters  as  the  above- 
mentioned  Callovian  was  pointed  out  to  us  by  M.  Mathey,  amongst 
the  material  obtained  from  the  Glovelier  tunnel,  where  ^ese  beds 
were  cut  through. 

The  following  fossils  were  obtained  by  us  from  these  two  loca- 
Hides: — 

CaUoviofn  Foesiis. 


Montmelon. 

Gloyelier 
Tunnel. 

Belemnitee  hastatus,  jB^atni; 

Ammonites  hectieus.  JR^**-. ............... 

.         ancens.  Rein 

■■       tumidus,  Rein 

Bakerin,  Sow 

i 

*           ! 

Turbo  bijugatus,  Quenst 

Terebratula  dorsonlicata.  Suess 

iJdiyiK^TienA,  ^ 

1           1 

Digitized  by  LjOOQ IC 


232 


MB.  T.  BOBEBTB  OV  THE  TTPPEB  JT7RA88IC  BOCKB 


The  fer  sous-oxfordien  indudeB  the  zone  of  Ammonites  athleta, 
A.  omatus,  and  the  days  with  pyritmis  fossils.  The  lower  port  of 
the  substage  is  formed  of  grey  or  brown  calcareous  days,  enclosing 
numerous  femiginons  oolitic  grains  ;  its  upper  part  consists  of  blue 
or  black  clays  containing  crystals  of  selenite  and  pyritized  fossils. 
Its  thickness  is  estimated  at  from  3  to  6  feet. 

The  clays  form  low  ground,  and  sections  in  them  are  rare.  The 
dark  clays  with  pyritous  fossils  were  seen  at  the  river-side,  a 
short  distance  east  of  Soyhi^re,  and  they  also  occur  at  Ch&tillon. 
Similar  beds,  but  considerably  thicker,  are  exposed  in  the  Combe 
Chavatte,  below  Caquerelle,  and  they  were  also  seen  as  far  south  as 
Le  Cernit  north  of  Tramelan. 

The  clays  in  the  upper  part  of  this  substage  are  predsely  similar, 
both  in  their  lithological  character  and  their  fossils,  to  the  Oxford 
Clay  of  England. 

The  following  fossils  were  obtained  from  the  localities  given 
below.  It  must  be  remembered,  however,  that  this  does  not  repre- 
sent the  whole  fauna  of  these  clays,  but  only  the  fossils  collected 
by  us  or  presented  to  us  by  the  geologists  named  in  the  intro- 
duction* 


Fossils  from  "  lefer  sous-oocfordx 

P 

1 

ll 

1 

£ 

BelemnitoB  hastatus,  Blamtf. 

* 

* 
* 

# 

1^ 

# 

* 

« 

* 

# 

* 

* 
* 

* 

* 
* 

Oweiiiii  Pratt  

Ammonites  Marin,  I/Orb 

Euffenii.  Basv 

hecticus,  Rein 

BabeanuB,  i^'Orft 

conTolutuB,  Quenst 

Nucula  elliotica,  PhU, 

»  1  .:. 

Leda  Diana,  D'Orh 

* 
* 

# 

« 

lachryma,  Quengt.    

Pleurotomaria  Munsteri,  Rom 

Turbo  Meriani  Goldf. 

Alaria  bispinoBa,  Phil, 

Ououlbea  concinna,  Aforr.  j-  Lye 

Pentacrinus  pentagonalis,  Goltif.  

Terebratula  impreBsa,  v.  Buck    

Bhynchonella  Thurmanni,  VoUg   

» 

... 

... 

The  Oafordian  rocks  always  occupy  low  fertile  ground,  and  present 
quite  a  contrast  to  the  features  produced  by  the  overlying  beds, 
which  usually  stand  out  in  bold  relief,  forming  ridges  supporting 
a  meagre  vegetation.     The  hollows  or  valleys  in  wludi  the  Oxfor- 
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dian  beds  lie  are  known  as  *  Combes  Ozfordiennes.'    The  rocks 
of  this  stage  are  divisible  into : — 

2.  Le  Terrain  k  chaHles  mamo-calcaire. 
1.  Le  Calcaire  k  Scyphies  inf^rieor  *. 

In  the  northern  part  of  the  Jura,  the  lower  part  of  the  Ozfordian 
is  seen  overlying  the  Mames  d  fossiUa  pyriteux  as  a  grey  or  black 
clay,  fairly  fossiliferous.  The  typical  locality  for  this  substage  is 
Hobel,  south  of  Basle,  and  Greppin  gives  a  list  of  fossils  from  this 
place  (op.  eiU  p.  63). 

The  Terram  d  chailles  mamo^ealcaire  is  composed  of  yellowish- 
grey  days,  alternating  with  limestones  of  the  same  colour,  and  con- 
taining sp7Urit€8  or  chatUes, 

In  the  gorge  at  Thiergarten,  near  Bel^mont,  the  upper  Jurassics 
are  cut  through,  and  here, underlying  the  'Terrain^  chailles  siliceux,' 
about  110  feet  of  Ozfordian  are  exposed,  consisting  of  altematioDS 
of  bluish  clays  and  limestones. 

They  are  also  seen  in  the  quarry  south-east  of  Liesberg  (see  section 
fig.  1,  p.  234)  as  yellowish  limestone  separated  by  sandy  clays  of 
tiie  same  colour,  passing  up  into  bluish  days  with  thin  limestones. 
Similar  beds  also  crop  out  below  the  *  Terrain  h  chailles  siliceux,' 
south  of  St.  Ursanne  station. 

In  the  'Combe  Chavatte,'  the  Oxfordian is  from  100  to  130  feet 
tiiick,  and  consists  of  bluish  marly  days  with  intermediate  beds  of 
limestone ;  some  of  the  latter  are  fairly  thick  and  regular,  whilst 
others  are  nodular.  These  beds  are  seen  lying  between  the  Clay  with 
pyritous  fossils  and  the  'Terrain  h  chailles  siliceux,'  and  these 
yielded  the  following  fossils : — 

PhoIadomTa  exaltata,  Ag,  I  Pleuromya  yarians,  Ag, 

pauacxMta,  ^y.  |         Bh3mohoneUa  Thurmaimi,  Fo^^r. 

Further  south,  at  Paturale  and  Le  Cemil  (north  of  Tramelan), 
above  the  Clays  with  pyritous  fossils,  come  grey  marly  beds  con- 
taining nodules  of  impure  limestones,  from  which  the  following 
fossils  were  obtained : — 


AmmoniteB  oordatus,  Sow, 

conTolutus,  Queiut. 

sdoiferos,  0pp. 

hecticuB,  Sein, 

perarmatos,  Sow, 

Fleurotomaria  Muuteri,  Rom. 
Aflterte  robuflta.  Lye, 
Modiola  bipaitita,  Sow, 


Trigonia  perlata,  Ay, 
Lima  subantiquata,  Rom, 

duplioata,  Sow, 

Pholadomya  ezaltata,  Ay. 

oonciima.  Ay. 

Terebratula  iiudgnis,  Sehiib. 
bisuffiiroinata,  Schl. 


The  CaraUian  has  been  divided  by  Thurmann  into  three  sub- 
stages,  and  this  classification  is  adopted  by  Greppin : — 

3.  Le  Calcaire  h  N^rin^. 

2.  Oolithe  Corallienne. 

1.  Terrain  h  chailles  siliceux  f. 

*  Qrepidii,  in  his  '  Baaai '  &c.,  includes  this  substage  in  the  *  OaUovien.' 
t  Ghr«ppin,  in  1867,  included  this  in  the '  Oxfordien.' 
Q.J.G.S.  No.170.  B 
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The  T^rain  d  chaiUes  nlieetix  is  somewhat  variable  in  character, 
but  is  usually  composed  of  hard,  compact  limestones,  often  siliceous 
and  separated  by  clayey  beds ;  its  upper  part  is  often  oolitic.  Dis- 
seminated through  the  series  are  numerous  nodules,  which  are 
usually  siliceous,  and  the  fossils  are  sometimes  silicified. 

The  following  sections,  amongst  others,  were  observed  in  the 
rocks  of  this  substage.  At  Thiergarten,  near  the  south  end  of  the 
gorge,  the  *  Terrain  k  chailles  siliceux '  is  seen  to  consist  of  coarse 
bluish  limestone  with  clayey  partings ;  scxme  of  the  limestone  bands 
are  nodular,  and  the  whole  thickness  of  the  series  is  about  98  feet. 

Fig.  l.^Section  in  QiMLrry  tvtar  Boadside,  south-east  of  Liesbery. 

II I 


Ba&onian. 


Kothing  seen*  pro- 
bably OalloTiaJi 
and  Ozfordiaa. 


Ozfordian. 


Terrain  &  ohaillea    Cormllian 
ailiceuz.  Oolite. 


A  better  section  is  shown  in  the  quarry  south-east  of  lies- 
berg  (fig.  1).  Overlying  the  Ozfordian  are  some  thin  beds  of 
yellowish  limestene,  succeeded  by  greyish  limestone  separated  by 
bands  of  dark  clays,  the  whole  being  about  160  feet  thick.  These 
beds  are  worked  for  hydraulic  lime  and  are  very  fossiliferous. 

Similar  beds  were  seen  above  Montmelon,  and  again  on  the  east 
and  west  side  of  St.  Ursanue  station. 

At  the  *  Combe  Chavatte,'  further  to  the  west,  these  beds  are 
more  siliceous  and  contain  silicified  fossils. 

At  Pichoux  and  again  at  Gobat  the  '  Terrain  a  chailles  siliceux  ' 
is  said  to  be  wanting  unless  represented  by  some  limestones  three 
metres  thick,  which  form  the  uppermost  part  of  the  Oxfordian 
(Greppin,  op.  cit,  p.  66). 

The  following  fossils  were  obtained  from  rocks  c^  this  substage : — 


Belemnitee  bastatus,  Blainv 

Ammonites  coidatuB,  iSbto 

conTolutus,  Queiist 

hectious,  Eein 

Pleu rotomaria  MimHteri ,  Bom .   . . 

PbasiaDella  striata,  Sow 

Ghemnitzia  heddingtoneneiA,  Sow. 

Natica  cl^menia,  ePOrb.    

Fholadomya  pauoiooeta,  ^.. ....... 


Localiiy, 


'  Liesberg. 
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LooaUi]/, 


laesberg. 


St.  Unaime  TunneL 


Fholadomya  oonoixma,  J^ 

laviusoula,  Aff. 

lima  pectiniformiB,  8chl. 

Plicatula  semiftrmata,  EH, 

Modiola  imbricata, /Sew 

Oardium  intextnm,  MUmt, 

Fecten  globosus,  Quenst 

iiuequicofltatus,  P^/ . 

ardoulatus,  iSbA/.  

Bhynchonella  Thurmanni,  Folts ^ 

laounoaa,  Sohl. 

Terebratola  insignia,  SchUb 

delemonta^  Qpp 

Waldheimia  Imoculenta,  Sow 

Oidaria  florigemma,  P&iJ. 

Hemiddaris  orenalariB, ^. >Lie8barg. 

Pseiidodiadema  aroTienae,  Ei 

Ol^ticufl  hieroglTphicua,  Aff, 

Clolfyrites  ringens,  Aff. 

bioordata,  iW 

ICUlericriniu  eohinatoa,  QiMiM^.  

Apoorinus  polyi^phuB,  2%.  et  Et.  ) 

TneooBmilia  anniuaris,  F^^rn Thiergarten. 

laartrea  explanata,  Croldf.   lieeberg. 


Ooliihe  Corallisnne  and  Calcaire  a  NerinSes, — Passing  up  from 
the  bluish  Umestones  and  days  of  the  ^  Terrain  k  ohailles  siliceux,'  we 
come  to  a  grey  or  white  oolitic  limestone,  which  nsaally  contains 
numerous  fragments  of  shells  and  corals ;  the  whole  is  from  16  to 
33  feet  thick.  This  constitutes  the  Ooliihe  Corallienne,  Over- 
lying it  is  the  Calcaire  d  Nerineee,  a  rock  somewhat  variable  in  cha- 
racter, but  always  composed  of  limestones,  which  may  be  compact 
in  texture,  whilst  at  other  times  they  are  chalky,  tuffaceous,  and 
quite  soft ;  its  thickness  varies  from  60  to  270  feet. 

These  Gorallian  rocks  are  more  easily  denuded  than  the  overlying 
Astartian  ;  consequently,  in  the  escarpments,  where  both  are  seen, 
the  Gorallian  beds  are  always  weathered  out  into  hollows  and 
caverns,  whilst  the  overlying  strata  project  as  overhanging  ledges ; 
in  this  way,  the  beds  are  easily  recognized. 

A  good  section  of  the  Gorallian,  Astartian,  and  Pterocerian  is 
seen  on  the  roadside  at  Yorbourg,  near  Del^mont.  Aided  by 
M.  ICathey^  we  were  able  to  work  out  almost  every  bed  in  the 
above  stages.  The  section  in  the  Gorallian  here  is  as  follows,  the 
beds  being  given  in  descending  order  : — 

ft 

8.  Compact,  fine>gTained  limestone 22 

7.  Compact,  thick-hadded  limestones,  with  Nerinma .  18 
6.  Thin-badded,  coarse,  suboiystalline,  and  pisolitic 

limestones 4 

6.  Compact  limestone 15 

4.  ThicK-bedded,  white  limestone,  with  corals,  Li- 

eeras^SM 18 

3.  Irregularly  bedded  whitLsh  limestone 14 

2.  Thi&  limestones,  sometimes  oolitic 17 

1.  Greyish  oolitic  limestone  32 

b2 
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The  '  Terrains  k  chailles  silioeux,'  which  should  come  below,  are 
not  now  exposed. 

This  section  is  also  described  by  Greppin  (op,  cit  p.  87),  but  we 
could  not  make  our  measurements  quite  agree  with  those  published, 
especially  in  the  upper  part  of  the  series. 

At  the  roadside  east  of  Soyhi6re  a  quarry  is  opened  in  the  upper- 
most division  of  the  Gorallian  ;  the  rock  is  a  whitish  limestone,  part 
of  which  is  hard,  but  the  greater  portion  is  quite  soft  and  tuffaceous, 
and  the  whole  rock  is  largely  made  up  of  corals. 

These  beds  are  also  seen  at  Thiergarten,  Gourrendlin,  and  again 
near  Roche,  and  also  at  Montmelon.  Just  behind  the  station,  at 
St.  Ursanne,  is  a  thick  series  of  white  limestone ;  its  lower  part  is 
somewhat  oolitic,  but  higher  up  it  is  quite  tuffaceous  and  contains 
numerous  Gasteropods.  A  littie  further  to  the  east,  at  the  west  end 
of  the  bridge  which  spans  the  valley,  and  apparently  somewhat 
lower  in  the  series,  a  similar  tuffaceous  limestone  occurs  crowded 
with  Diceras,  Then,  again,  in  the  railway-cutting  on  the  eastern 
side  of  the  valley,  still  lower  beds  are  seen  overlying  the  '  Terrain  h 
chailles  siliceux '  as  a  well-bedded,  coarse,  oolitic  limestone.  We  have 
therefore  here  nearly  a  complete  section  in  the  Corallian  between 
the  '  Terrain  k  chailles  siliceux '  and  the  Astartian,  and  in  it  the  fol- 
lowing beds  are  recognized,  in  descending  order : — 

4.  Tuffaceous  limestones  crowded  with  G-asteropods. 

3.  Oolitic  limestones. 

2.  Tuffaceous  limestone  with  Diceras, 

1.  Oolitic  limestone. 

Purther  west,  at  Caquerelle,  these  Corallian  beds  occur  as  a  white 
oolitic  limestone,  which  has  yielded  a  large  number  of  corals. 

The  fossils  obtained  from  the  Ooliihe  Corallienne  and  Galcaire 
a  Nerinees  are  given  in  the  accompanying  list. 

Fossils  front  the  ''Ooliihe  Corallia\i\e  '  and  ^Galcaire  a  Nerlnies,'' 


I 


^  a 


I 


Purpura  Lapierrea,  Buv.... 
Cerithium  oorallense,  Buv. 

buecinodeum,  Buv 

cf.  muricatum,  Sow. 

I^erinea  speciosa,  Voltz   ... 

nodosa,  Voltz  

elegans,  Thurm 

Defrancei,  Desk 

bruntrutana,  Thurm. 

ursioina,  llvurm 

Boemeri,  PhUippi 

Nerita  canalifera,  Buv.    .. 
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Fossils  from  the  '  Oolithe  Gorallienne '  and  '  Oalcaire  a  Nerinees ' 
(continaed). 


Nerita  sigaretina,  Buv 

Turbo  t^ulatuB,  3fi^fw^. ... 

Trochufl  angulatoplicatas,  Miiiut,  . 
PileopsiB,  sp 

Patella,  «p 

CaTdium  oorallium,  Leym 

Dioeras  arietinum,  Lam, 

lithodomus  socdalis,  Thurm 

Terebratula  insignis,  8chubl»  

moraTioa,  Glock 

Bauhini,  Et. 

Pyeaster  tenuis,  Ag 

S^lina  tubnlifera,  PkU,  

airodi, -K 

TheooBmiliacraflsa,  (fOr6 

Iaxata,-fi5f. 

dichotoma,  i^o&y 

Rhabdophyllia  flabellum,  ^ 

IflBStrea  explanata,  (ro^.   

Thurmanni,  Et,    

Thamnarea  arboresoens,  B^ 

Thamnastrea  ooacinna,  (70^.   .... 

Ck>nTexastrea,  sp 

CryptoocEnia  limbate,  Goldf, 

decipieuB,  £S^ 

Helio  oomia  oorallina,  Koby    

StyloBmilia  Michelim,  Edw 

Oalamophrllia  flabellum,  Blainv. 
Dendronefiuin  coalesoene,  Goldf, 

Epismilia  multiflepta,  Kchy    

delemontana,  Koby    

mftgp^s  Koby  


6 


hi 

II 
I' 


The  Sequanian  or  Astartian  consists  of  a  greyish,  compact,  and 
often  oolitic  limestone,  with  some  marly  beds.  A  very  constant 
fossiliferons  marly  zone  occurs  about  the  middle  of  the  series. 

The  section  at  Vorbourg,  where  the  whole  of  the  Astartian  is 
deen  is  as  follows,  commencing  at  the  summit : — 

'  ft.    in. 

16.  Thinly  bedded  limeBtODfis   1    0 

15.  Thick  grey  limefttonee 14    0 

14.  limeBtonee  similar  to  Id 1    6 

13.  Thick  limestone    3    0 

13a.  Ditto  4    0 

12.  Thin  limestones    8    U 

11.  Irregularly  bedded  limestones    13    0 

10!  Irregular  limestones 30    0 

9.  Thidc,  whitish,  ooUtio  limestones  34    0 
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ft.  n. 

8.  Breociated  limeitoneB 4  0 

7.  Thick  limestones,  slightly  oolitio  14  0 

6.  Beddish,  oolitio  limestones 12  0 

5.  Compact,  oolitic  limestone 19  0 

4.  Well-bedded,  reddish  limestone,  Teiy  compact...     15  0 

3.  Grey  limestones    22  0 

2.  Thin-bedded   limestones,  marly   at   base   and 

crowded  with  fossils  30  0 

1.  Oolitic  limestones 28  0 

(Below  this  the  section  was  not  well  exposed.) 

At  Angola!,  about  three  qnarterB  of  a  mile  west  of  Soyhi^re,  there 
is  a  good  section  in  the  marls  and  also  in  the  beds  immediately  oyer- 
lying  and  underlying  tbem.  They  are  also  exposed  at  Montcliai- 
bent,  Thiei^rten,  and  Bassecourt ;  and  Astartian  limestones  are  also 
seen  above  the  Gorallian  at  St.  Ursanne. 

The  Astartian  is  largely  quarried  at  Laufon,  where  the  lime- 
stones are  for  the  njiost  part  oolitic;  fossils  are  not  abundant  in 
these  beds. 

The  fossils  in  the  accompanying  list  were  principally  obtained 
from  the  marls. 

Astartian  Foagils. 
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Pterocerian  or  Kimeridgian. — The  classical  locality  for  this 
stage  is  Banne,  near  Porrentmy,  where  it  has  heea  known  and 
worked  for  many  years.  Its  lithologicai  character  is  very  constant 
in  the  district,  heing  composed  of  well-hedded  limestones  nsnally 
very  fine  in  texture  and  light  coloured ;  there  are  also  some  thin 
heds  of  marl  present,  and  these  are  usually  very  fossiliferous.  The 
limestones  are  much  quarried  for  huilding-purposes. 

The  quarries  at  Del^mont  are  opened  in  rocks  belonging  to  this 
stage,  and  here  the  following  section  was  observed : — 


Gompact  grey  limestones . 
Fossuiferoas  marly  bed. . . . 
Thick-bedded  limestonee  . 
Oompaot  limestone   


-34  feet. 


Most  of  the  fossils  obtained  in  this  locality  come  from  the  marls, 
because,  as  a  general  rule,  the  compact  limestones  are  not  fossili- 
ferous, and  when  they  are  so,  it  is  almost  impossible  to  get  the 
fossils  out  in  a  determinable  condition. 

The  section  at  Yorbourg,  in  the  Pterocerian,  shows  compact 
limestones  of  much  the  same  character  as  the  beds  in  the  quarries 
below,  and  described  in  the  above  section. 

At  Glovelier  similar  beds  were  also  seen ;  and  in  a  small  expo- 
sore  at  the  roadside,  a  little  to  the  west  of  the  village,  the  surface 
of  one  of  the  limestone  beds  is  exposed,  which  is  crowded  with 
PUroceras,  &c. 

Limestones  like  those  of  Del^mont  were  seen  at  Conrrendlin  and 
also  at  Vermes ;  but  in  the  last-named  locality  the  beds  were  some- 
what nodular. 

In  the  neighbourhood  of  Porrentruy  these  beds  have  been,  as 
already  stated,  largely  worked.  They  are  also  quarried  a  little  to 
the  north  of  Yillars,  where  about  20  feet  of  the  limestones  are  shown, 
the  uppermost  part  being  fossiliferous. 

The  fossiliferous  Pterocerian  marls  are  also  exposed  at  the  road- 
side between  Fontenois  and  Breesancourt,  and  again  at  Gourgenay. 
In  both  these  localities  the  rock  is  crowded  with  fossils. 

Subjoined  is  a  list  of  the  fossils,  which  come  chiefly  from  the 
marls: — 

Pteroeerian  FostiU. 


Nautiliis  Maroouanos,  D*Orb. 

Natioa  gigu,  Br 

hemiephflBrioa,  DOrb.,,, 

Pteroceras  ooeani,  Iklab,  ... 
Boetellaria  Wagnevi,  Tktim. 
Pholadomya  myaoina,  Aff.  ... 

Protei,  Ag 

multioosta,  Aff. 


1 


I 
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Pteraeerian  FbniU  (contmued). 


I 

I 


•i 


I 


I 


Pholadom^  recnrra,  Jff.   

I^oioosta,  u^ 

Thraaa  inoerta,  Tnurm 

Geromja  excentrioa,  ^ 

Ludna  Bubstriata,  j^om 

Cardium  bannedaaum,  Thitmn, 

axino-obliqaum,  Ifiwrm,  {ef,  dis- 

flimile)    

Trigonia  muricata,  Rom 

Mytilus  jurensit,  Ider. 

subpectmatoB^l^Ord 

Modiola  subttquiplioata,  GMf, 

XrichiteB,  sp 

G^ryillia  tetragona,  £om.   

Ayioula  G^eflsneri,  Thumt, 

Lima  spectabilisi  Cowij.  

Hinniies  ixuequistriatuB,  If  Orb, 

Ostrea  semisolitaria,  Et.  

Terebratula  subsella,  i?  Orb 

bumeraliB,  Bom 

Bhynchonella  inoonstaiiB,  Sow 

Bemi-inoonstans,  Et 

GidariB  florigemma,  PhU.    

Hemioidaris  Tburmanni,  Ag 

AcroBalenia  aspera,  4^.  

HolectypuB  Meriani,  Desk 


Virgulian, — The  rocks  of  this  stage  occur  only  in  the  western  and 
sonthem  portions  of  the  district,  its  eastern  boundary  being  a  sinuous 
line  running  from  Soleure  to  8eprais  (Jura  Bernois).  Greppin  (op. 
€^t.  p.  115)  points  out  that  the  northern  part  of  the  Jura  was  under- 
going upheaval  during  Fterocerian  times,  and  that  land  existed  in 
the  norUi-eastem  portion  of  the  district  under  consideration  at  the 
time  when  the  Virgulian  heds  were  being  deposited ;  in  this  way  he 
accounts  for  the  absence  of  rocks  of  this  stage  in  the  north-east  Jura. 

The  Virgulian  was  at  one  time  well  exposed  in  the  neighbour- 
hood of  Porrentruy ;  at  present,  however,  the  quarries  are  Mled  up 
and  no  section  is  visible.  A  section  in  these  beds  at  Pichoux  is 
described  as  follows  (Greppin,  op,  cU,  p.  116) : — 

feet. 

Whitish  limeBtones 65 

YellowiBh  or  grey  clays  and  shelly  limestonee  with 

Exogyrav^mda    19^ 

ThicklMdBof  hard  compact  limestone  65 

Fragments  of  Virgulian  were  seen  on  the  surface  at  Waldeck, 
near  Porrentruy ;  they  consisted  of  a  reddish-hrown  limestone  with 
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Exogyra  virgula.  Farther  south,  at  Tramelan,  a  small  exposure 
was  obserred  in  these  beds,  whioh  consisted  of  yellowish  marls  and 
impure  limestones  largely  made  up  of  the  shells  of  Exogyra  virgtda. 
The  PortlancUan  beds,  which  are  so  well  developed  in  our 
southern  district,  are  almost  wanting  in  the  northern  part  of  the 
Jura.  The  only  locality  where  they  were  seen  in  the  latter  district 
is  north  of  the  railway-station  at  Moutier.  The  same  remarks  apply 
equally  well  to  the  Purheckian,  as  apparently  they  have  not  been 
found  further  north  than  Moutier ;  and  there,  overlying  the  Port- 
landian,  is  a  dark-coloured  limestone,  about  one  foot  thick,  containing 
numerous  freshwater  fossils.  In  the  absence  of  fossils  it  is  hard  to 
define  the  limit  between  the  Purheckian  and  Portlandian  in  this 
section  (see  fig.  2). 

Fig.  2. — Section  in  Baihuay-cutting  north  of  Mowtier  Station. 


4. SO  jefl -> 

a,  Portlandian ;  h,  Purbeckian. 
The  bed  marked  X  contains  freehwater  fossils  (Purbeckian). 

The  following  fossils  were  obtained  from  the  black  limestone 
referred  to  above : — 


Chara  Jaccardi,  Heer, 
Cypris  valdensis,  Sow,  (?), 
Bithynia,  sp. 


Planorbis  Ohoffati,  Maill, 
Oorbula  Forbesi,  De  Lor, 
Hydrobia  Choparti,  Sandb, 


2.  The  Sottthebw  District. 

Nearly  the  whole  of  this  district  is  described  in  Prof.  Jaccard's 
Memoir  on  the  Cantons  Neuch&tel  and  Vaud,  and  the  following 
classification  is  taken  from  his  '  coupe  th^orique,'  pi.  4,  at  the  end 
of  the  work  referred  to  : — 

'4.  Purbeckien, 
3.  Portlandien  or  N^rin^en. 
2.  Pt^roc^rien. 

,1.  Astartien. 

14.  Corallien. 
3.  Pholadomien  1  Qxfordien  Oalcaire. 
2.  Spongitien | 
1.  OalloTien. 


Groupe  Juraasique  Sup^rieur, 
or  femm^ridien 


Digitized  by  LjOOQ IC 


242  MB.  T.  B0BBBX8  OV  TVS  tJPFBB  TUBABgie  BOCKS 

The  CctUovian  preeenta  but  a  feeble  deTdopment  in  this  diatriot, 
as  compared  with  that  of  the  northern  area.  The  fer  wus-iKxrfor^ 
dxen^  which  is  so  constant  in  the  latter,  is  scarcely,  if  at  all,  repre- 
sented in  the  southern  district.  Its  total  thickness  does  not  exceed 
16  feet,  and  it  is  usually  considerably  less.  It  is,  however,  pos* 
sible  to  distinguish  two  zones  in  it-.* — 

2.  An  upper  ane,  composed  of  grey  clay,  poor  in  fossils,  and  some- 
times containing  pyrites. 
1.  A  lower  limestone,  which  is  ferruginous  and  rich  in  fossils. 

In  the  'Combe  Grede,'  near  St.  Imier,  a  somewhat  peculiar 
development  of  the  Gallovian  is  seen;  it  consists  of  a  bed  of 
greyish  chert  8  inches  thick.  The  underlying  DaUe  naerie,  how- 
ever, is  very  well  developed  here,  and  may,  in  part,  represent  the 
Gallovian  of  other  areas. 

A  better  exposure  of  it  is  shown  in  the  eastern  side  of  the  quarry 
at  Pouillerel,  near  Chaux-de-Ponds,  where  the  following  section  was 
observed : — 

1.  Oxfordien. 

2.  OalloTien,    10  ft  f  6.  Blue  nndy  olays  with  foBsilB. 

thick    \a.  Thin  band  of  ferruginous  marL 

3.  Dalle  naor^e. 

A  thicker  development  of  the  ferruginous  marl  occurs  in  a  quarry 
a  little  further  north,  and  consists  of  a  brown  limestone  and  marls 
with  ferruginous  oolitic  grains.  The  following  fossils  were  obtained 
from  this  bed  : — 


Belemnitee  hastatus,  Blainv. 
Ammonitefl  hectiouti,  Bein. 

' oouYolutus,  Quenti, 

athleta,  Phil, 

Nucula  omata,  Qttetut. 


Lima  rigida,  Sow,  ? 
Hinnites  abjectus,  Mar.  j"  Lye, 
Terebratula  dorsoplicata,  Sueas. 
CoUyrites  ellipticufl,  Ag, 
HolectypuB,  ip. 


The  Gallovian  was  also  seen  below  the  ^Spongitien'  on  the 
roadside  opposite  Brenets,  as  a  clayey  bed  with  Belmniies  Iiastatus, 
Ammonites  convolutus,  and  A.  Tueticus, 

The  Oxfordien  Calcaire  is  divided  by  ^accard  into : — 

2.  Pholadomien. 
1.  Spongitien. 

The  *  Spongitien*  is  composed  of  alternations  of  limestones  and 
days,  having  a  total  thickness  of  about  15  metres  (49  feet).  In 
some  localities  these  beds  contain  numerous  sponges ;  in  others,  again, 
such  fossils  are  either  absent  altogether  or  very  rare. 

In  the  *  Gombe  Grede '  this  lower  division  of  the  Oxfordian  consists 
of  grey  compact  limestones  with  some  marly  beds  in  its  upper  part. 
Further  west,  near  the  railway-station  at  Gonvers,  the  'Spongitien' 
is  worked  for  cement ;  the  beds  exposed  in  the  quarries  are  thin- 
bedded,  grey,  argillaceous  limestone  with  partings  of  clay. 

Overlying  the  Gallovian,  in  the  quarry  at  Pouillerel,  referred  to 
above,  about  10  feet  of  Oxfordian  are  exposed,  of  much  the  same 
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ekaraeter  as  in  the  localitieB  named  above.    The  beds  contain 

nnmerons  ciinoid  stems  and  some  sponges. 

On  the  roadside  opposite  Brenets  the  whole  of  the  '  Spongitien ' 

IB  seen  as  in  the  following  section : — 

ft. 

Pholadomien 30 

a^^^^  -        r  Well-bedded  thick  limeetone,  16  ft 1      oo 

Spongitiezi  ...  I  i,i„jartx)ne  with  ahaly  partideB,  14  ft. J     ^ 

OalloTien    6 

DalleDAcrte  10 seen. 

The  '  Pholadomien '  is  somewhat  variable  in  this  district.  In  the 
*  Combe  Grdde '  these  beds  are  very  thick  and  are  made  up  of  : — 

3.  A  series  of  thin-bedded  limestones,  sometimes  nodular,  with 
partings  of  shale. 

2.  Thick  series  of  bluish  shales,  poor  in  fossils. 

1.  Thin  limestones  and  shales  similar  to  (3). 

In  the  section  opposite  Brenets,  mentioned  above,  the  Phola- 
domian  is  30  feet  thick,  and  consists  of  thin  limestones  with 
partings  of  clay  of  about  equal  thickness. 

The  upper  beds  of  this  substage  have  been  worked  for  cement  at 
Les  Praises,  West  of  Ste.  Croix,  and  here  they  consist  of  nodular, 
grey,  argillaceous  limestones.  The  lower  part  is  more  marly. 
Similar  beds  were  also  seen  at  Les  Auges. 

The  following  fossils  were  obtained  from  the  Oxfordian  in  the 
southern  district : — 

LocalUisB, 

Ammonites  oonyolutuB,  Qu«n«^.   ...    La  Vraoomie,  St.  Sulpioe,  Lee 

Auges,  and  Combe  Grdde. 

heoticuB,  i?Mfi ComteGrtde. 

Belenmites  hastatus^  J?^at»t; Combe  Denayriez. 

Pleuromya  yarians,  Aff,   Ditto. 

VoltBii,^^ Ditto. 

Pholadomya  scutata,  Aff North  of  Ste.  Croix. 

cinffulata,  w4^.  Combe  Denayriez. 

exaltata,  Ag. Ditto. 

Anatina  undidata,  PhiU Ditto. 

Modiola  bipartlta, /SEot9.    Ditto. 

Goniomya  proboModea,  ^^. Ditto. 

Astarte  robugta,  Et Les  Auges. 

Nucula  omata^  Qutffu^. Ditto. 

Terebratula  orbis,  Quensi, Combe  Denayriez. 

bisui&rcinata,  8oM Ditto. 

Collyrites,  sp Ditto. 

The  Corallian  is  much  less  developed  in  the  southern  district  than 
in  the  northern,  and,  indeed,  appears  to  be  represented  by  a  series 
of  beds  which  correspond  only  to  the  Terrain  d  ChaUles  siliceuof  of 
the  northern  district. 

The  stage  is  described  (Jaccard,  op.  cit  p.  201)  as  consisting  of: — 

3.  A  dark  blue  clay,  which  underlies  the  Astartian. 

2.  Reddish-brown  limestone,  poor  in  fossils,  passing  down  into  a 

series  of  thin-bedded  limestones,  which  are  very  fossiliferous. 
1.  Barren  days. 
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They  do  nofc,  however^  present  the  same  lithological  character 
thronghout  the  district. 

In  the  '  Combe  Gr^e  '  the  lower  beds  of  the  Corallian  are  repre- 
sented by  limestones  containing  Bhynckondla  ineonstansy  Terehra- 
tula  iiuignisj  Oidaris^  &c.,  and  above  ti^ese  come  some  greyish  compact 
limestones,  containing  species  of  Cidaris  and  Hemiddaris, 

In  the  debris  thrown  out  from  the  Loges  tunnel,  in  which  the 
Corallian  beds  are  pierced,  the  rock  pointed  out  to  us  as  belonging 
to  this  horizon  is  composed  of  brown  and  some  grey  argillaceous 
limestones,  rich  in  fossils ;  the  following  is  a  list  of  the  principal 
ones  obtained  by  us : — 


Turbo  Meriani,  Goldf, 
lima  rigida,  Sow, 

Beneyieri,  Et.  (cf.  grandis, 

BimX 
Peoten  lens,  Sow, 
Ostroa  solitaria,  Sow, 


Terebratola  Bauhini,  Et, 
Bhynchonella  pinguis,  Op, 
Cidaris  florigemma,  Phil, 
Stomechinus  perlatus,  Ag, 
Glypticufl  hieroglyphiouB,  Ag, 


The  Aitartian  is  divided  into  two  substages — an  v^per^  cal- 
careous, and  a  lower  argillaceous  one.  The  general  character  of  the 
former  is  thick-bedded  homogeneous  limestone,  although  at  times 
it  is  oolitic.  The  oolitic  portion  of  these  beds  is  usually  fossili- 
ferous,  but  the  fine-grained  limestones  rarely  contain  fossils.  The 
lower  or  argillaceous  division  of  the  Astartian  near  Locle  is  50 
metres  (164  feet)  thick,  and  consists  of  days  and  limestones  varying 
in  character  and  thickness ;  the  limestone  is  sometimes  oolitic  and 
marly,  whilst  the  clays  are  at  times  quite  arenaceous.  In  the 
upper  part  of  this  jsubstage  there  is  a  fossiliferous  zone  with  Ter^ 
hratula  humeralis ;  and  lower  down  there  is  another  marly  bed  con- 
taining this  same  fossil  in  abundance.  Both  of  these  fossiliferous 
marly  beds  are  seen  near  the  summit  of  Mount  Chasseral,  and  again 
further  north,  on  the  other  side  of  the  St.  Imier  valley. 

On  the  roadside  opposite  Brenets  the  following  section  in  the 
lower  beds  of  the  Astartian  was  observed : — 

ft 

5.  Well-bedded  greyish  limestones 12 

4.  Marls,  with  some  thin  beds  of  limestone  containing  Melania 

striata 10 

3.  Ghreyish  limestone 20 

2.  Alternations  of  limestone  and  marls 8 

1.  Greyish  limestones  5  seen. 

The  marls  with  Terehratula  humeralis  also  occur  in  the  railway- 
cutting  near  Noiraigue. 

In  the  neighbourhood  of  Ste.  Croix  the  Astartian  is  composed  of  a 
compact  reddish  limestone,  which  is  well  seen  on  the  roadside  to 
the  north-west  of  that  town. 

The  following  fossils  come  from  the  marly  beds  near  the  summit 
of  the  Chasseral : — 


Chemnitzia  heddingtonensis,  Sow. 
Trigonia  subconoentrioa,  Et, 
Terebratida  humeralia,  Bom, 


Terebratula  suprajurensis,  Ag. 
Cidaris  florigemma,  PhU. 
Hemioidaris,  sp. 
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The  Plerocerian  is,  perhaps,  the  most  important  stage  in  the 
whole  Upper  Jurassic  series,  since  it  forms  by  far  the  greater  por- 
tion of  the  high  gronnd  in  this  part  of  the  Jora.  Its  thickness  has 
been  estimated  at  150  metres  (492  feet),  and  it  would  appear  as  if 
it  was  thickest  in  the  southern  part  of  the  Jura,  and  thins  out  to 
the  north.  On  the  whole,  it  presents  much  the  same  lithological 
character  in  the  district  under  consideration,  but  most  of  the  beds 
are  poor  in  fossils.  It  has  been  divided  into  an  upper  and  lower 
Bubstage. 

The  Lower  Pterocerian  consists  of  a  thick  series  of  coarse  greyish 
limestones  with  some  marls,  the  whole  being  usually  poor  in  fossils. 
The  following  zones  have  been  made  out  in  the  Upper  Pterocerian 
(Jaocard,  op.  cit.  p.  189)  :— 

3.  Very  compact  lithographic  limestonefl  with  Brjozoa. 

2.  White   Biiocharoid  or  crystalline  limestone  with  Bryozoa,  Nerinaa  and 

Diceras  (small). 

1.  Greyish  marls,  rich  in  fossils. 

In  the  '  Combe  Grdde '  the  following  section  was  observed  below 
the  Virgulian  : — 

3.  A  thick  series  of  greyish  limestones. 

2.  Ghreyish,  somewhat  brecciated  limestones,  with  Terebraiula  suhseUa,  Ostrea 

aoktariay  NerintBa  brurUrutanaj  &c. 
1.  Limestones  with  Nerinaa. 

Similar  massive  limestones  were  seen  near  La  Baume,  Lode. 
North  of  the  road-tunnel,  near  Noirvaux-dessous,  on  the  way  to 
8te.  Croix,  a  fossiliferous  marly  band  in  the  Pterocerian  is  exposed, 
and  overlying  it  come  some  wejl-bedded,  grey,  very  compact  lime- 
stones. Further  south,  near  Jougne,  the  Pterocerian  is  quarried, 
and  the  section  shows  about  24  feet  of  grey,  very  compact  limestones, 
with  some  brownish  marly  beds.  Rocks  of  this  age  are  also  worked 
near  Soleure,  and  the  fossils  obtained  from  the  quarries  at  St. 
Nicholas  (nor(.h  of  Soleure)  include  remains  of  Turtles  and  other 
Beptiles  and  of  fish. 

The  following  section  was  seen  in  one  of  the  three  quarries  at 
8t.  Nicholas: — 

ftw 

4.  Hard  and  somewhat  porous  limestone 5 

3.  Greenish  marls,  with  PieroceraSy  Nerinaay  TerdtratuUiy  Hemicidaris,  &c.  4 
2L  Hard,  grey,  compact  limestone,  separated  by  a  thin  marly  bed  from  (1)  7 
1.  Thick  bed  of  compact  grey  limestone. 

The  other  two  quarries  are  opened  in  rocks  having  the  same 
lithological  character  as  that  at  the  base  of  the  above  section. 

The  following  fossils  were  obtained  from  the  Pterocerian  beds  at 
tlie  localities  named  below  : — 
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Pteroeerian  Fossils. 


1 

J 

iit 

1 

.2 

r 

>§ 

The  Viryulian  is  exposed  in  the  '  Combe  G-rdde '  as  a  thick  series 
of  greyish,  compact  limestones,  with  some  marly  beds.  At  Brenets 
there  is  at  the  base  of  the  Portlandian  a  marly  bed  which  has  yielded 
Exogyra  virgula.  Further  south,  owing  to  the  absence  of  this 
fossil,  it  has  not  been  recognized  with  certainty,  although  the  marly 
bed,  which  is  more  or  less  persistent  at  the  base  of  the  Portlandian, 
may  probably  represent  it  in  part,  at  least.  According  to  Jaccard, 
however,  the  Yirgulian  is  said  to  be  wanting,  and  the  term  ^'  Port- 
landien  "  is  used  by  him  to  include  all  the  beds  between  the  base  of 
the  Purbeckian  and  the  top  of  the  Pteroeerian  in  the  Jura  Yaudois 
and  Neuch&telois. 

The  lower  division  of  the  Portlandian  consists  of  massive  grey 
and  compact  limestones,  which  are  largely  quarried.  Towards  the 
base  these  beds  are  lighter  in  colour  and  become  marly.  Fossils 
are  never  abundant  in  these  rocks,  but  they  nevertheless  contain 
fragments  of  teeth,  scales,  and  bones  of  fish  and  other  vertebrates. 

The  upper  Portlandian  is  largely  made  up  of  massive  limestones, 
which  are  often  dolomitio,  and  distributed  throughout  it  are  beds  of 
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marl^  varymg  in  ihickuess ;  the  fossils  from  these  beds  come  prin- 
dpallj  from  the  marls. 

In  the  neighbourhood  of  Brenets  and  Yillers-le-Lac  there  ^re 
several  sections  in  the  rocks  of  this  stage.  Near  Brenets  it  is  seen 
as  a  thin-bedded,  grey  limestone,  interbedded  with  fossiliferous  marly 
beds.  Then,  again,  both  sides  of  the  Lao-des-Brenets  are  formed  of 
these  Portlandian  limestones,  and  in  this  locality  present  a  striking 
resemblance  to  the  Mountain  Limestone  in  some  of  the  Yorkshire 
dales.  Similar  limestones  are  also  seen  below  the  Purbeckian 
beyond  Lode,  and  the  whole  series  is  well  exposed  in  the  gorge 
leading  from  Nench4tel  towards  Yalangin,  where  the  following 
section  was  observed : — 

6*  Thick  series  of  thin-bedded,  compact,  grey  limestoneB. 

6.  Thick,  compact,  grey  limcBtoneB. 

4.  Thin  marly  bed. 

3.  Gray  and  compact  limeetonee. 

2.  Marly  bed. 

1.  Thick  seriea  of  dark-grey  limestones. 

The  Purbeckian  of  the  Jnra  has  attracted  considerable  attention^ 
and  has  been  fully  described  by  Jaccard  and  De  Loriol,  and  again 
by  MaiUard.  Jaccard  (op.  cU.  p.  176)  makes  out  three  subdivisions 
in  this  stage : — 

An  upper  grey,  oolitic  and  fissile  marl,  about  ^  metre  (20  inches) 
thick,  containing  brackish-water  fossils.  This  bed  occurs  at  Yillers- 
le-Lac,  and  also  on  the  road  to  Yalangin,  near  Neuchatel.  In  the 
last-named  locality  it  is  represented  by  a  marly  bed,  which  contains 
numerous  scales  of  fish.  .  This  forms  a  passage  into  the  overlying 
Yalangian,  and  below  it  come  some  more  thin-bedded  marls  and 
limestones,  with  freshwater  fossils.  At  YiUers-l^^Lac  these  beds 
contain  numerous  (T^ra-spores. 

The  middle  Purbeckian  is  much  more  variable  than  the  preceding. 
Below  the  freshwater  marls  and  limestones  there  is  a  fairly  constant 
bed  of  very  porous  and  almost  scoriaceous  limestone,  wMch  passes 
down  into  clayey  beds  containing  numerous  small  bipyramidal 
quartz-crystals,  and  carbonaceous  material  is  sometimes  present,  as 
are  also  crystals  of  gypsum. 

The  lower  PurbecJctan  consists  principally  of  limestones,  and  in  it 
the  following  zones  have  been  made  out : — 

3u  Limestone  of  scoriaceous  texture  {Dolomie  eelluleuse),  13  to  16  feet 

2.  White,  and  sometimes  oolitic,  limestone  {Dolomie  sacehar&tde)^  with  Cctr- 

dium  villerense  and  Corbula  inflexa,  6  feet  6  inches. 
1.  Fissile,  thinly  laminated  limestones,  34  feet 

None  of  the  sections  observed  by  us  in  this  district  showed  these 
three  substages,  and  in  most  cases  only  a  small  exposure  was  visible. 
At  St.  Imier  greyish  marly  limestones  with  Limnced  and  Planorbis 
were  seen  belonging  to  this  stage.  The  section  at  Yillers-le-Lac, 
which  is  perhaps  the  most  typical  for  the  Purbeckian  in  the  Jura,  was, 
at  the  time  of  our  visit,  almost  completely  hidden  by  debris ;  we 
saw  some  thin  grey  Hmestones  and  marls  with  fossils,  and  below 
these-caae  da^s  wiik  gypsimi,  andthere  were  nmerous  smaU  crystals 
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of  quartz  scattered  about  the  surface  of  the  ground,  which  had 
been  washed  out  of  the  clay.  The  clayey  beds  with  carbonaceous 
material  and  gypsum  were  seen  in  the  ndlway-cutting  near  Locle. 

Marly  beds  of  Purbeddan  age  were  also  observed  north  of  Ste. 
Croix ;  and  further  south,  near  Yallorbes,  the  following  section 
occurs: — 

3.  Yalangian. 
2.  Purbeokian: — 

id)  Yesioular  and  some  oompaot  limeBtones. 
e)  Compaot  grey  limefltone. 
(b)  SoonaceouB  limestone. 
(a)  Grey  marls. 
1.  Poruandian. 

The  section  on  the  road  towards  Yalangin,  already  referred  to, 
was  also  visited ;  and  here  again  the  succession  was  not  dear,  but 
the  beds  of  Purbeckian  age  which  were  seen  consisted  of  grey  lime- 
stones and  marls. 

The  Purbeckian  of  the  Jura  is  said  to  be  conformable  to  the  Port- 
landian  beds  below,  and  to  pass  up  without  any  physical  break  into 
overlying  Yalangian ;  and  our  own  observations  support  this  view. 

From  the  description  of  the  beds  in  the  two  districts  under  con- 
sideration it  will  be  seen  that  the  various  stages  differ  considerably 
in  their  lithological  character  and,  to  some  extent,  in  their  fossil 
contents.  On  account  of  these  differences  it  is  not  always  easy  to 
correlate  exactly  the  beds  in  these  two  parts  of  the  Jura.  In  the 
accompanying  Table  (p.  249)  a  correlation  is  given  which  is  pro- 
bably approximately  correct. 

In  both  areas  we  find  the  Calloviau  underlain  by  the  'Dalle 
nacree.'  The  Calloviau  itself  is,  as  already  stated,  but  feebly  repre- 
sented in  the  southern  district,  and  the  Fer  sorm-oarfordieti^  so  well 
marked  in  the  northern  parts  of  the  Jura,  is  scarcely  represented  in 
the  Central  Jura,  unless  it  be  by  the  clayey  bed  in  the  upper  part 
of  the  Calloviau,  which  sometimes  contains  pyritous  nodules. 

In  the  '  Combe  GrMe,'  near  St.  Imier,  where  the  Calloviau  consiBts 
of  a  thin  cherty  band,  the  Calloviau  of  the  northern  district  may  be 
represented  in  part  by  the  uppermost  portion  of  the  '  Dalle  nacr^.' 

The  Oxfordian  presents  much  the  same  palsBontological  character 
in  both  districts,  and  the  correlation  indicated  in  the  table  is,  as 
far  as  can  be  gathered  from  the  study  of  the  fossils,  correct. 

The  Corallian  of  the  southern  district,  according  to  Desor  and 
Grossly  (*  Etudes  0^1.  sur  le  Jura  Neuch&telois,  p.  75),  represents 
only  the  Terrain  a  chaUlet  siliceua  of  the  Nortbem  Jura,  and  they  are 
of  opinion  that  the  OoUthe  coraUienne  and  Calcaire  a  NirinSes  are 
wanting  in  the  Jura  Neuch&telois.  About  50  per  cent,  of  the 
fossils  from  the  Corallian  of  the  Central  Jura  are  found  in  the  Terrain 
a  chaiUes  silicetuVy  whilst  only  about  8  species  (out  of  54)  occur  in 
the  Oolithe  corallienne  of  the  Northern  Jura,  and  most  of  these 
appear  also  in  the  Terrain  d  chaiUes  tiliceux.  It  is  highly  probable 
therefore  that  the  correlation  given  by  Desor  and  Grossly  is  correct. 
If  this  be  the  case,  the  question  arises  whether  any  part  of  the 
Afitartian  of  the  southern  district  is  the  equivalent  of  the  Odkairt 


Digitized  by  LjOOQ IC 


07  THE  SWISS  XTJEU.  Ajm  EKGLAND.  249 

d  Nerinees  and  Oolithe  corallienne.  From  ao  analysis  of  the  fossils 
it  appears  that  of  the  62  species  recorded  (Jaccard,  op.  cit.  p.  199) 
from  the  Astartian  marls  of  the  south  district,  35  occur  in  the  same 
beds  in  the  northern  district,  whilst  8  only  have  been  found  in  the 
Caleaire  d  NerinSes,  and  3  of  these  range  up  into  the  Astartian. 
There  are  therefore  only  6  species  which  connect  the  Calcaire  d 
NSrirUes  with  the  lower  division  of  the  AJstartian  in  the  Central  Jura. 
From  these  considerations  it  seems  probable  that  these  Astartian 
beds  represent  palsBontologically  but  little,  if  any,  of  the  upper 
portion  of  the  Oorallian  in  the  northern  Jura. 

T(d>le  of  Correlations  of  the  Upper  Jurassic  in  (he 
North  and  Central  Jura, 

NOBTHBKN  BlSTKXCT.  SoUTHKRH  DISTRICT. 

Pnrbeekian.  PurbeokiaiL 


FortlandiaiL  Portlandian. 


VirgnliaiL 


Pterooerian.  Fterooerian. 


AstartiaiL  Astartian. 


/  Galoaire  &  N^rin^es. 


a 


Oolithe  OoralUenne.  OoraUian. 


Terrain  k  ohaiUes  sili- 
oeux. 


/"Terrain  k  ohailles  mar-  Fholadomian. 

no-oalcaire. 


I 


Calcaire  k  Soyphiefl  in-  Spongitian. 

ffirieur. 


/Le  Fer  Bou8H)xfoidien.  Sup^eup. 


1^ 


Zone  of  ^771.  macroce-  Inferieur. 

phaUts.  J 


Bajkho-  r  Dalle  naor^e,  Ac  15«li«  nac^^- 
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The  Astartian  beds  in  the  two  districts  have  many  characters  in 
common,  and  are  approximately  on  the  same  horizon ;  and  the  same 
may  be  said  of  the  Pterocerian,  except  that  the  latter  is  considerably 
thicker  in  the  southern  district. 

It  has  already  been  pointed  out  that  the  Yirg^ilian  is  hardly 
represented  in  the  southern  district,  unless  it  be  by  the  marly  bed 
at  the  base  of  the  Portlandian. 

The  two  remaining  stages,  the  Portlandian  and  Parbeckian,  are 
found  principally  in  our  soutiiern  district,  and  those  recorded  from 
the  one  locality,  Moutier,  in  the  northern  district  are  probably  on 
the  same  horizon  as  those  similarly  named  in  the  southern  district. 

3.   COBBBLATION. 

When  the  Upper  Jurassic  rocks  of  the  Jura  are  compared  with 
those  of  England,  one  cannot  fail  to  notice  the  marked  dissimilarity 
which  occurs  in  their  lithological  character ;  and  this  is  best  shown 
in  the  upper  part  of  the  series,  which,  in  England,  consists  of  the  thick 
days  of  Eimeridge  and  the  more  variable  Portland  and  Purbecks, 
whilst  in  the  Jura  they  are  formed  of  massive  limestones.  There  is, 
however,  a  strong  resemblance  in  some  of  the  lower  beds  in  the  two 
areas,  and  indeed  some  of  them  are  almost  identical  in  their  litho- 
logical character.  The  difference  in  the  nature  of  the  rocks  is,  of 
course,  accompanied  by  a  difference  in  their  fauna ;  and  on  this 
account  it  will  not,  in  all  cases,  be  easy  to  establish  the  true  syn- 
chronism  of  the  stages  in  the  two  countries.  Certain  well-marked 
zones  are  present  in  both  areas,  and  these  are  of  great  service  in 
working  out  the  correlation  of  the  remaining  zones. 

Oppel,  in  his  'Jura-formation  Englands,  Frankreichs  und  des 
siidwestlichen  Deutschlands,'  correlates  the  English  Upper  Jurassics 
with  those  of  the  Swiss  Jura  as  in  the  accompanying  table,  p.  250 
(extracted  from  his  table  no.  64). 

The  classification  employed  by  Oppel  differs  somewhat  from  that 
which  is  adopted  in  this  paper.  His  zone  34  includes  the  Yirgulian 
and  Pterocerian  of  later  writers ;  zone  32  is  the  ^  Oolithe  corallienne ' 
and  the  *  Calcaire  k  N^rinees ; '  zone  30  is  the  Oxfordian ;  and  the  zones 
26-29  (inclusive)  represent  the  Gallovian,  of  which  27,  28,  and  29 
are  the  '  Fer  sous-oxfordien.' 

In  the  years  1867-60,  Marcou's  *  Lettres  sur  les  Boches  du  Jura,' 
Ac.,  appeared,  and  in  them  he  attempted,  amongst  other  things,  a 
correlation  of  the  Jurassic  beds  of  the  Franche-comte  with  those  of 
England,  and  also  refers  to  the  same  beds  in  the  Jura.  The  only 
beds  which  he  correlates  with  certainty  are  included  in  his  Groupe 
eorallien,  which  he  makes  the  equivalent  of  the  Coralline>oolite 
Grroup  of  PhOlips.  All  his  other  correlations  are  queried  (see  his 
table,  p.  101). 

Waagen,  in  1865,  in  his  '  Yersuch  einer  allgemeinen  Classification 
der  Bcluchten  des  oberen  Jura'  (table,  p.  30),  gives  the  following 
oorrelaiions  of  the  English  and  Swiss  beds.  In  the  fourth  column 
tiie  daaafication  adopted  in  this  paper  has  been  added. 
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Prof.  Blake,  referring  to  Waagen's  classification  of  the  British 
Jnrassics,  states  that  he  can  only  make  out  a  two-fold  division  of  the 
Kimeridge  Clay — an  upper ^  which  agrees  with  that  of  Waagen,  and  a 
lower^  which  indndes  the  Middle  and  part  of  the  Lower  Eimeridge 
of  Waagen ;  whilst  the  remainder  of  the  Lower  Eimeridge,  together 
with  a  portion  of  the  underlying  zone  of  did,  Jlorigemma,  Blcdke  in- 
cludes in  his  Eimeridge  Passage-beds  (Q.  J.  G.  S.  vol.  xxxi.  p.  197). 

The  following  table  is  taken  from  Benevier's  "  Tableaux  des  Ter- 
rains s^dimentaires"  (tab.  no.  5,  Bull.  Soc.  Yaud.  vol.  xiii.) : — 

JUKA  OCOIDBHTAL. 

Mamee  k  Planorbis  Loryi, 
Marnes  a  G^Tpse. 
Oalo.  dolomitique  4  Cor- 
bulan^flexa. 


Bnglakd. 
Purbeok£ed8. 
Dirt  Bed  of  Portland. 


Portland  Stone. 
Portland  Sand. 
Upper  Kimeridge. 


Eimeridge  Glay  k  Exogyra 
virgula. 


Upper  Oalc  Ghrit  et  Coral 
Bag  (pars). 

Coralline  oolite   k   Lima 

Hffida;  et 
Bancs    k    Cidari$  fiori- 

gemma. 


Oaloaire  Portlandien. 


ICames  k  Otirea  mrgtda 

(Yirgidien  infi6rieur). 
Pt^roo^rien. 


Astartien  oompactei  &o. 
Afltartien  mameux. 


Oolithe  ooralliene  k  N6- 
rin^  et  Diceras  arie- 
tina,  et 

Calcairee  ohaillenT. 


Terrain  k  ahailles  k  Glgp' 
ticua  hieroglyphicw. 


Oalo   Grit   k  Ostrea  di- 
latoia. 


Ozfordien 


f  Pholadomien. 


o^sTjo^:^-^ 


Qxford-olay  k  Jmm,  DuU' 


Mame  Oxfordienne  k  foe- 
siles  pyriteux. 


Kelloway-roek  kAmrn.  col- 
hvieMia, 


EelloYien  ferrugineux  k 
Jmm,  ancem  et  Jmm. 
maoroeephalus. 


In  the  subjoined  table  an  attempt  has  been  made  to  show  the 
correlations  of  the  authors  referred  to  above,  and  it  will  be  seen  that 
they  difler  in  several  important  points. 
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The  lower  diyision  of  the  Callovian^  or  zone  of  Ammonites  macro- 
€ep?idlu9j  as  shown  in  the  above  table,  is  regarded  by  Oppel  and 
Bieneyier  as  the  equivalent  of  the  Kelloway  Rock  of  England.  It 
is  a  well-known  fact  that  this  rock  is  local  in  its  development 
in  England,  and  can  only  be  regarded  as  the  basement  bed  of  the 
Oxford  Clay.  In  Yorkshire,  and  again  in  Wiltshire,  this  rock  con- 
tains a  fairly  distinct  fauna.  A  complete  list  of  the  fossils  from  the 
Kelloway  Bock  of  Yorkshire  is  given  by  Mr.  Hudleston  (Proo.  Geol. 
Assoc,  vol.  iv.  p.  373),  and  twelve  of  them  are  recorded  from  the  ma- 
&rac€p7uilu8'Zone  of  the  Jura.  Very  few  of  these  12  species,  however, 
are  peculiar  to  the  Kelloway  Bock,  since  most  of  them  range  up 
into  the  Oxford  Clay.  Amm,  macrocepTicHus  itself  does  not  appear  in 
Mr.  Hudleston's  list  referred  to  above,  although  a  variety  is  recorded 
from  these  beds  (Qeol.  Mag.  1882,  p.  147) ;  the  species  is,  however, 
recorded  from  the  uivicu^-shales  which  underlie  the  Kelloway 
Bock.  These  shales  also  contain  Avieula  echinata,  Rhynchondia 
coTieinna  ?,  and  Waldheimia  Xageixalis^  all  of  which  are  characteristic 
of  the  upper  part  of  the  Bathonian  of  the  Jura. 

Dr.  Wright  gives  the  following  arrangement  of  the  beds  which 
come  between  the  Oxford  Clay  and  the  Combrash  in  Wiltshire  (Proc. 
Cotteswold  Nat.  Club  for  1869,  p.  207):— 

Oxford  Olav      =zone  of  Anvm,  Jason. 
Kelloway  Rock  =zone  of  Amm,  calloviensis. 
Kelloway  Shales = zone  of  Amm.  maorocephalm. 
Oombraah. 

The  fossils  recorded  from  the  Combrash  of  Wiltshire  (Wright,  op. 
cit,  p.  200)  include  Pholadomya  Heraulti,  Avieula  echinata,  A.  cas^ 
tatay  Terebratula  intermedia,  and  Bhynchonella  concinna,  all  of  which 
occur  in,  and  most  of  them  are  characteristic  of,  the  upper  beds  of 
the  Bathonian  of  the  Jura.  Of  the  fossils  which  have  been  collected 
from  the  Kelloway  beds  of  this  part  of  England  {op.  cit.  pp.  208 
and  209)  10  have  been  found  in  the  macrocephalus-zone  of  the  Jura, 
but  only  one  of  these,  viz.  Amm.  macrocephalus,  is  peculiar  to  the 
Kelloway  beds.  Several  of  the  ojmattts-gTOup  of  Ammonites  occur  in 
the  zone  of  Amm.  macrocephalus  as  well  as  in  the  overlying  '  Fer 
Bous-oxfordien';  similarly  they  appear  in  the  Kelloway  beds  and  in 
the  Oxford  Clay. 

In  the  Bedfordshire  district  the  omatus  Ammonites  have  been 
found  low  down  in  the  Oxford  Clay,  and  the  same  thing  also  occurs 
at  Swindon  (H.  B.  Woodward,  Q.  J.  G.  S.  vol.  xlii.  p.  295). 

Erom  the  above  remarks,  it  may  safely  be  stated  that  the  fauna  of 
the  Combrash  links  it  closely  with  the  upper  beds  of  the  Bathonian, 
and  that  the  lower  division  of  the  Callovian  (zone  of  Amm.  macro- 
eephalus)  is  represented  in  England  by  the  Kelloway  Bock  or, 
when  the  latter  is  absent,  by  the  lower  beds  of  the  Oxford  Clay. 

The/«r  sousroxfordien  has  many  characters  in  common  with  the 
Oxford  Clay  of  England.  lithologically  it  is  almost  identical,  and 
there  are  several  species  of  Ammonites  common  to  both;  and, 
farther,  these  fossils  are  preserved  under  precisely  similar  conditions, 
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that  is  to  say,  they  are  pyritized.  This  sub-stage  indades  the  zones  of 
Amm,  hiarmatus,  A,  athleta^  and  A,  aneeps  of  Oppel,  who  correlates 
it  with  the  Oxford  Clay  of  S.W.  England,  and  with  the  Oxford  Clay 
and  part  of  the  Kelloway  Bock  of  Yorkshire.  Waagen  and  Eenevier 
similarly  place  it  on  the  horizon  of  the  Oxford  Clay. 

In  Yorkshire,  Hudleston  (op.  dU)  makes  a  three-fold  division  of 
the  Oxford  Clays  :— 

3.  Upper,  with  Amm,  perarTnatus,  rarely. 
2.  Middle,  with  Amm.  Eu^enii,  A.  crenctius,  &o. 
1.  Lower,  with  Bel.  Owenii,  Ammonites  Lanierti^  A,  athletOt  A  oculafitu, 
and  A  crenattts. 

JPurther  south,  in  Northamptonshire  and  Bedfordshire,  where 
there  is  but  a  thin  development  of  the  Kelloway  Bock,  the  following 
subdivisions  have  been  made  out  by  Prof.  Judd  ("  Geology  of  Butland," 
Mem.  Geol.  Surv.  p.  232)  :— 

/.  Clays  with  eordoH  ^ap  of  Ammonitee. 

0.      ,,        „    AmmomtOB  of    the   group   cmaH    and     TerebraiuXa 

tTTipressa. 
cL  Clays  with  Belemnitea  hattatus, 

c,      „        „    OweniL 

b,      „        „    Nueulanuda, 
a,  Kelloway  Sands,  Ac 

In  the  south-west  of  England  the  two  zones,  an  upper  with 
eordati  and  a  lower  with  omati  Ammonites,  have  also  been  recog- 
nized (H.  B.  Woodward,  Q.  J.  G.  8.  vol.  xlii.  p.  295). 

The  list  of  fossils  from  the  '  Fer  sou»-oxfordien '  of  the  Jura  Bemois 
given  by  Greppin  (op.  cit,  p.  58)  contains  86  species,  26  of  which 
occur  in  England  at  the  following  horizons  respectively : — 

19  species  in  Oxford  Clay. 

4         „  Lower  Calcareous  Grit. 

1  „  Corallian. 

2  „  range  from  Oxford  Clay  to  Lower  Calcareous  Grit. 

The  following  fossils,  amongst  others,  are  common  to  the  Oxford 
Clay  and  the  *  Fer  sous-oxfordien ' : — 


Belemnites  Pucosianus,  jyOrb. 
Ammonites  crenatus,  Brug. 

Lamberti,  Sow. 

Marise,  D'Orh. 

—  oordatus,  Sow. 
oculatus,  Phil. 


Ammonites  athleta,  PhU. 

Henrici,  If  Orb, 

perarmatus,  Sow. 

Leda  (Nucola)  laohrjma,  Sow. 
Terebratula  impressa,  v.  Bwh. 


It  will  be  seen  therefore  that  both  the  cardati  and  omati  Ammo- 
nites are  well  represented.  In  England  Amm.  perarmatus  is  found 
principally  in  the  upper  part  of  the  Oxford  Clay,  but  more  commonly 
in  the  Lower  Calcareous  Grit ;  in  the  Jura  it  occurs  in  the  Oxf  ordian 
as  well  as  in  the  '  Fer  sous-oxfordien,'  and  this  would  indicate  a  high 
position  in  the  Oxford  Clay  for  the  *  Fer  sous-oxfordien.'  OrypJuga 
dUataia,  our  most  common  Upper-Oxford-Olay  fossil,  is,   on  the 
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other  hand,  absent  from  the  '  Per  Boos-oxfordien/  but  is  recorded 
from  the  overlying  beds  in  the  Jura.  From  these  considerations  it 
is  clearly  seen  that  the '  Fer  sous-oxfordiea  *  is  represented  by  the  Ox- 
ford Clay  of  England ;  but  whether  the  former  represents  the  whole 
of  the  latter  is  very  difficult  to  decide.  The '  Fer  sous-oxfordien ' 
undoubtedly  contains  several  species  which  occur  in  our  Lower  and 
Upper  Oxford  Clay ;  but  some  characteristic  fossils  of  the  latter 
subdivision  are  absent,  and  have  been  found  only  in  the  beds  over- 
lying the  '  Fer  sous-oxfordien,'  and  it  is  quite  possible  that  a  portion 
of  the  Oxfordian  beds  of  the  Jura  may  be  the  equivalent  of  the 
upper  part  of  the  Oxford  Clay  of  England. 

In  our  southern  district  of  the  Jura  it  will  be  remembered  that 
Hhe  Callovian  is  but  feebly  developed  as  compared  with  that  of  the 
northern  area.  Jaccard's  list  of  fossils  (op.  cit.  p.  213)  from  these 
beds  includes  11  species  of  Ammonites  (some  belonging  to  the  cordati 
and  others  to  the  amati  group)  nearly  all  of  which  occur  in  the 
Oxford  Clay  of  England.  Amm,  Tnacrocephalus  is  not  recorded, 
nor  is  Qryphcea  dtlatata.  The  representatives  of  our  Kelloway 
Bock  and  Oxford  Clay,  or  at  least  the  greater  part  of  them,  must 
be  found  in  these  Callovian  beds. 

The  fauna  of  the  Oxfordian  beds  in  the  northern  part  of  the  Jura 
is  fairly  well  marked  off  from  the  underlying  Callovian,  indeed  it  is 
much  more  closely  allied  to  the  Corallian.  Out  of  the  154  species 
recorded  from  these  beds  (Greppin,  op,  cit,  p.  68)  55  pass  up  into  the 
'  Terrain  ^  chailles^siliceux,'  whilst  only  13  occur  in  the  CaJlovian. 
Amongst  the  154  species  there  are  no  less  than  51  English  species 
coming  from  the  following  horizons  *  : — 

Lower  Oolites 2  species. 

Oxford  Clay     3      „ 

Corallian  (including  the  Lower  Calcareous  Grit)  23      „ 

Oxford  Clay  and  Corallian 21       „ 

„        „     and  Combrash   1      „ 

Eimeridge  Clay 1      „ 

51 
The  spedes  peculiar  to  our  Oxford  Clay  are : — 

Ammonitee  orenatus,  Brag, 

flexuosuB,  Munst. 

Terebratala  impreesa,  v.  Buck. 

And  such  forms  as  Amm,  perarmatus,  Amm,  cordatus,  Amm,  convo- 
hituSf  and  Oryphcea  dilatata  are  also  present,  which  in  England 
range  from  the  Oxford  Clay  to  the  Lower  Calcareous  Grit.  The 
evidence  derived  from  these  fossils  supports  the  view  already  ex- 
pressed, that  a  portion  of  the  Oxford  Clay  of  England  is  on  the 
horizon  of  the  Oxfordian  of  the  Jura. 

*  In  working  out  the  range  of  the  English  foBnls  the  following  lists  have 
been  used : — Morris's  Catalogue  of  British  Fossils ;  Hudleston,  t  roc.  Geol. 
Assoc  ToL  T.  p.  481  ;  Blake  &  Hudleston,  Q.  J.  G.  S.  vol.  for  1877 ;  Sedgwick 
fisBay  for  1886,  MS. 
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As  stated  above,  there  are  23  species  common  to  the  OzfordiaQ 
beds  in  question  and  the  Corallian  of  England,  and  further  most  of 
the  21  species  which  range  from  the  Oxford  CitLj  to  the  Corallian 
are  more  characteristic  of  the  latter  than  of  the  former.  Of  the  23 
species  which  occur  in  the  Oxf  ordian  of  the  Jura  and  the  Corallian  of 
England,  10  are  found  in  the  Lower  Calcareous  Grit,  6  of  which  are 
pecuHar  to  that  horizon,  and  11  out  of  the  21  species  which  range 
from  the  Oxford  Clay  to  the  Corallian  have  not  been  found  above 
the  Lower  Calcareous  Grit.  The  6  species  peculiar  to  the  Lower 
Calcareous  Grit  are : — 

Ammonites  canaliciilatu8»  MUntt, 

H©nrici,i>'06. 

Fholadomya  concim)a,  Ag, 

dngulata,  Jy. 

Bhynchonella  GChurmamii,  Br. 
MillericrinuB  eohinatuB,  8chl. 

The  last-named  species  is  one  of  the  most  characteristic  fossils  of 
the  lower  beds  of  the  Corallian  of  England ;  in  the  Jura,  however, 
it  passes  up  from  the  Oxfordian  into  the  Terrain  h  chailles  siliceux, 
and  the  same  may  be  said  of  Bhynchonella  Thurmanni. 

The  fauna  of  the  Oxfordian  of  the  Jura  has  certainly  a  distinct 
Corallian /acies,  and  appears  to  be  closely  allied  to  the  lower  part 
of  the  English  Corallian.  From  palseontological  considerations, 
therefore,  this  stage  must  be  regarded  as  the  equivalent  of  the 
Lower  Calcareous  Grit,  together  with  a  part  of  the  underlying 
Oxford  Clay. 

In  the  southern  district  of  the  Jura,  68  species  are  recorded  from 
the  Spongitian  (Jaccard,  op.  cit.  p.  209),  and  24  from  the  Pholado- 
mian  (ibid.  p.  207).  Nine  species  of  the  former  occur  in  England, 
7  of  which  are  Corallian  and  2  Oxford  Clay.  The  24  Pholadomian . 
fossils  include  4  British  species,  2  coming  from  the  Corallian  and 
the  same  number  irom  the  Oxford  Clay.  The  evidence  obtained 
from  these  fossils  points  to  much  the  same  conclusions  as  those 
arrived  at  above. 

The  Terrain  a  chailles  siliceux  has  yielded  178  species  (Greppin, 
op.  cit.  p.  80) ;  as  already  stated,  55  of  these  are  common  to  the 
Oxfordian,  whilst  11  pass  up  into  the  Galcaire  d  iVerinceff,  excluding 
those  fossils  which  range  up  from  older  beds.  The  fossils  from  the 
^  Terrain  a  chailles  siliceux '  include  52  English  species,  34  of  which 
are  exclusively  Corallian,  8  range  from  the  Oxford  Clay  to  the 
Corallian,  and  the  remaining  10  are  Lower-OoHte  forms.  There  is 
little  doubt,  therefore,  that  the  *  Terrain  k  chailles  siliceux '  of  the 
Jura  is  on  the  same  horizon  as  some  part  of  the  English  Corallian. 
The  latter  has  been  fully  described  by  Blake  and  Hudleston  (Q.  J.  G.  8. 
vol.  xxxiii.  p.  260),  and  they  have  made  out  the  following  sub- 
divisions of  these  beds  (op.  cit.  p.  389) : — 

6.  Supraooralline  Beds. 

5.  Coral  Bag. 

4.  Goralline  Oolite. 

8.  Middle  Calcareous  Grit. 

2.  The  Lower  Limestone  or  Hambleton  Oolite. 

1.  Lower  Oaloareous  Grit. 
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The  qaestion  arises  how  many  of  these  subdivisionB  represent 
the  ^  Terrain  h  chailles  silicons.'  We  have  already  seen  that  the 
Oxfordian  is  on  the  horizon  of  the  Lower  Calcareous  Grit,  and  some  of 
the  fossils  from  the  '  Terrain  k  chailles  siliceox '  also  connect  it  with 
the  Lower  beds  of  the  Corallian,  as  for  example : — 


Gervillia  ayiculoides,  Sow. 
Waldheimia  buooulenta,  Sow, 
Khjnohoiiella  Tharmanni,  Br. 


MiUeriorinuB  echinatus,  Schl. 
Girphffia  dilatata,  Saw, 
BelemmteB  hastatuB,  Blainv. 


None  of  these  occur  above  the  Hambleton  Oolite  in  England. 
The  siliceous  beds  in  the  Jura  also  contain : — 


Ammonites  plioatilis,  Sow, 
Chemnitzia  neddingtonenais,  Sow, 
Ostrea  duriuacula,  Phil. 
Lima  pectinifonnis,  Schl. 
Terebratula  inaigniB,  Schiib. 
Cidaria  florigemma,  Phil. 
Hemiddaria  intermedia,  Fkm, 


Fhaaianella  Btriata,  Sow, 
Trigonia  monilifera,  Ag, 
MytiloB  pectinatuB,  Sc^. 
GlyptiouB  hieroglypbiouB,  Ag. 
StomecdiinuB  ffyratuB,  Ja. 
Clypeus  subuuituB,  Y.  f  B. 
MoDtliTaitia  dispar,  PhU. 


All  of  these  are  characteristic  of  the  Coralline  Oolite  and  Coral  Bag. 
The  sub-zone  of  Cidaria  florigemma  (Coral  Rag)  is  marked  in  England 
by  the  abundance  of  this  Echinoid^  and  it  is  in  fact  almost  limited 
to  this  horizon*.  In  the  Jura  it  makes  its  first  appearance  in  the 
*'  Terrain  ^  Chailles  siliceuz,'  and  extends  up  to  the  Pterocerian  ;  as 
far  as  was  seen  by  us,  however,  it  occurs  abundantly  only  in  the 
*  Terrain  a  Chailles  silioeux.'  Qlypiicus  hieroglyphicus  is  also  fairly 
common  in  these  beds  in  the  Jura,  although  it  is  said  to  range 
into  the  overlying  '  Oolithe  coraUienne '  and  *  Calcaire  k  Nerinees'; 
in  England  it  is  confined  to  the  Coral  Eag.  On  palseontological 
grounds  therefore  the  *  Terrain  h  Chailles  siliceux,'  while  probably 
representing  some  portion  of  the  lower  divisions  of  the  Corallian 
(«.  g,  the  Hambleton  Oolite),  must  also  be  regarded  as  the  equivalent 
of  the  other  subdivisions  of  the  Corallian  of  England,  up  to  and 
including  a  part  at  least  of  the  Coral  Rag. 

It  has  already  been  shown  that  the  Corallian  of  the  southern  dis- 
trict in  the  Jura  probably  represents  only  the  *  Terrain  k  Chailles 
siliceux '  of  the  district  further  north.  Jaccard  (o/).  cit,  p.  204)  gives 
a  list  of  55  species  from  these  beds,  20  of  which  occur  in  the  British 
Corallian,  and  12  belong  exclusively  to  the  Coral  Rag  and  Coralline 
Oolite.  Here,  again,  the  evidence  is  clearly  in  favour  of  the  corre- 
lation indicated  above  for  the  ^  Terrain  k  Chailles  siliceux.' 

The  Oolithe  coraUienne  has,  as  already  shown,  been  recognized 
only  in  the  northern  district  of  the  Jura,  and  has  yielded  a  fauna 
consisting  of  44  species,  10  of  which  occur  in  the  Coral  Rag  and 
Coralline  Oolite  of  England.     These  10  species  include — 


Ammonites  plicatiliB,  Sow, 
Nerinna  Bonneri,  Goldf. 
— —  visiugiB,  Rom, 
Ceiithium  limieforme,  Rom. 


Trigonia  Meriani,  Ag. 
Terebratula  insignis,  Schub. 
GlypticuB  hieroglyphiouB,  Goldf' 


It  iB  recorded  fhnn  the  Eimeridge  PaBBage-beds  by  Prof.  Blake. 
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The  fauna  connects  these  beds  also  with  our  Coral  Rag,  and  they 
must  be  regarded  as  belonging  to  that  horizon. 

The  ^  Galcaires  k  N^rin^,'  which  are  the  same  as  the  Dkeras-hedB 
of  Oppel,  are,  by  him,  stated  to  be  probably  represented  in  England 
by  part  of  the  Eimeridge  Clay,  and  probably  also  by  the  Upper 
Calcareous  Grit  (pp.  cit,  tab.  p.  806) ;  in  his  tab.  no.  64,  however, 
be  places  them  on  the  horizon  of  the  Upper  Calcareous  Grit  (?). 

The  list  of  fossils  from  these  JV'mruva-beds  contains  192  species 
(Greppin,  op.  cit.  p.  88),  28  of  which  are  British ;  2  only  of  these 
are  restricted  to  our  Eimeridge  Clay,  viz.  Turbo  Julii  and  Eostellaria 
mosensis,  4  are  Lower-Oolite  forms,  whilst  the  remaining  22  species 
are  Corallian.     Out  of  these  22  species — 

13  occur  in  the  Coral  Eag. 

2  occur  in  the  Coralline  Oolite. 

3  occur  in  the  Coral  Bag  and  Coralline  Oolite. 

4  range  from  Oxford  Clay  and  Lower  Calcareous  Grit 
—      to  the  Coral  Bag. 

22 

The  Coral  Bag  and  CoraUine  Oolite  species  include — 

HemicidariB  intermedia,  Flem. 


Nerinsea  BoDmeri,  Goldf. 

clymene,  1/Orb. 

Turbo  princeps,  Gold/. 
Pecten  qualicoBta,  Et. 
Terebratula  insignia,  Schiib. 
Oidaris  florigemma,  PMl. 


GlypticuB  bierogljphicofl,  Gold/. 
Pseudodiadema  radiata,  PhiU, 
Theooemilia  annulariB,  Flem, 
Thamnafltrea  conoinna,  Go^f. 
Stylina  tubulifera,  PhU, 


All  of  them  belong  to  our  Coral-Bag  fauna.  It  has  already  been 
stated  that  these  iVertYicpa-limestones  are,  in  some  localities  in 
the  Jura,  crowded  with  corals,  and  here  they  were  undoubtedly  the 
sites  of  old  coral-reefs.  Many  of  the  corals  in  these  reefs  are  similar 
to  those  which  occur  in  rocks  having  much  the  same  character  in 
England,  and  which  are,  for  the  most  part,  of  Coral-Bag  age,  although 
not  exclusively  so,  since  some  are  known  from  the  Upper  Calcareous 
Grit,  as,  for  example,  the  reef  at  Bingstead  Bay  (Blake  and  Hudle- 
ston,  Q.  J.  G.  S.  vol.  xxxiii.  p.  272).  The  most  striking  diflference 
between  the  coral  fauna  of  the  British  Corallian  reefe  and  those  of 
the  Jura  is  the  larger  number  of  species  in  the  latter.  Prof.  Koby 
informed  us  that  about  200  species  had  been  described  from  these 
coral-bearing  beds  at  Caquerelle.  This  richer  coral  fauna  in  the 
Jura  may  be  due  to  a  more  suitable  climate  for  coral-growth  having 
existed  there  than  in  England.  Neumayr  has  shown  that  tropical 
conditions  prevailed  in  the  region  of  the  Jura  during  Jurassic  times, 
whilst  in  England  the  climate  was  more  temperate.  The  mere  presence 
of  coral-reefis  in  the  '  Calcaire  k  Nerindes '  of  the  Jura,  and  in  the 
Coral  Bag  of  England,  does  not  by  any  means  prove  that  they  are  of 
the  same  age ;  when,  however,  the  number  of  fossils,  corals  as  well 
as  higher  forms  of  life,  which  are  common  to  both  are  taken  into 
consideration,  it  seems  highly  probable  that  they  belong  to  approx- 
imately the  same  period.  The  '  Calcaire  k  Nerinees '  contains  no 
Upper-Calcareous-Grit  and  only  two  Kimeridge-Clay  fossils,  so  there 
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is  littiie  or  no  evidence  to  show  that  they  represent  any  part  of  our 
Upper  Calcareous  Grit  or  Kimeridge  Clay.  It  is  possible,  and, 
indeed,  appears  to  be  highly  probable,  that  the  period  during  which 
coral-reefs  flourished  in  the  Jura  may  not  haye  terminated  at  the 
same  time  as  in  England ;  if  such  was  the  case,  then  the  coral- 
reef  fauna  would  have  survived  as  long  as  the  physical  condi- 
tions were  favourable,  with  little  or  no  change.  That  such  was  the 
case  in  England  is  shown  by  the  fossils  of  the  Eingstead-Bay  reef, 
which  stratigraphicaUy  comes  immediately  below  the  Kimeridge 
Clay,  yet  its  fauna  is  precisely  like  that  of  the  Coral  Rag  (Blake  and 
Hudleston,  Q.  J.  G.  8.  vol.  xxxiii.  p.  272).  If  the  two  Kimeridge- 
Clay  species  which  are  recorded  from  the  'Calcaire  k  N^rinees'  be 
taken  as  an  indication  of  the  commencement  of  the  introduction  of 
the  Eimeridgian  fauna  into  the  Jura,  we  may  then  regard  the  '  Cal- 
caire  h,  Nerinees '  as  being  represented  in  England  by  a  portion  of 
our  Coral  Bag  and  the  whole  of  the  Upper  Calcareous  Grit,  and  what 
other  evidence  there  is  would  not  be  opposed  to  such  a  view. 

The  three  stages  which  overlie  the  Corallian  of  the  Jura,  viz.  the 
Astartian,  Pterocerian,  and  Yirgulian,  are  closely  united  together, 
both  in  their  lithological  character  and  in  their  fauna,  and  by  some 
geologists  are  included  in  one  group,  which  they  term  the  Kimer- 
idffian.  The  Astartian  is  regarded  by  Oppel  and  Waagen  as  repre- 
senting the  lower  part  of  the  Kimeridge  Clay  ;  but  Renevier  places 
it  on  ^e  horizon  of  the  upper  part  of  our  CoraUian.  Blake  (Q.  J. 
G.  S.  vol.  xxxvii.  p.  680)  correlates  the  Astartian  of  France, 
which,  from  its  fossils,  appears  to  be  the  same  as  that  of  the  Jura, 
with  the  Kimeridge  Passage-beds,  including  the  Abbotsbury  and 
Westbury  ironstone,  and  with  the  basal  portion  of  the  Lower  Kimer- 
idge Clay. 

Greppin  (op.  dt,  p.  101)  gives  210  species  from  the  Astartian  of 
the  Bemois  district,  40  of  which  occur  in  England  at  the  following 
horizons  respectively : — 

Lower  Oolites 2 

Coralline  Oolite  and  Coral  Rag 15 

Kimeridge  Passage-beds  (including  the  Abbots- 
bury  Ironstone) 7 

Kimeridge  Passage-beds  and  Lower  Kimeridge 

Clay    7 

Upper  Kimeridge   1 

Corallian  and  Lower  Kimeridge    8 

40 
The  Kimeridge  Clay  of  England  has  been  fully  described  by  Blake 
(Q.  J.  G.  8.  vol.  xxxi.  p.  196),  and  the  following  fossils,  amongst 
others,  he  regards  as  being  peculiar  to  the  Kimeridge  Passage-beds 
(including  the  Abbotsbury  Ironstone) : — 


Natica  eudora,  IfOrh, 
PleuromTa  Yoltzii,  Ag, 
■I        donaciiia,  Ag, 
Ckmiomya  parrufib,  Ag, 


Area  sublata^  If  Orb. 
Lucina  plebeia,  Contj. 
Bhjnoboiiella  inooiiBtans,  8ow, 
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These  7  species  are  found  in  the  Astartian  of  the  Jura,  together 
with  the  following  Lower-Kimeridge-Clay  fonns : — 


Strophodus  r«)ticulatus,  Ag, 
Natica  miorosoopica,  Conij. 
Pleiiromya  tellina,  Aa. 
Area  rhomboidalis,  dimtj. 


Astarto  supraoorallina,  If  Orb. 
Terebratula  Gesneri,  Et, 
OidariB  Bpinosa,  Ag. 


From  these  lists  it  will  be  seen  that  the  Lower-Kimeridge-Clay 
fanna  is  well  represented  in  the  Astartian  of  the  Jura.  As  stated 
above,  15  Corallian  species  also  occur  in  these  beds,  and  some  of 
them  range  up  into  the  Pterocerian ;  but  these  fossils  must  be  re- 
garded rather  as  the  dying-out  of  the  Corallian  fauna  than  as  indi- 
cating any  affinity  of  the  Astartian  of  the  Jura  with  the  Corallian  of 
England.  It  must  be  remembered  that  the  Astartian  beds  are 
formed  principally  of  limestones,  with  but  little  argillaceous  admix- 
ture, and  the  absence  of  the  latter  material  would  be  favourable 
to  the  prolonged  existence  of  some  portion  of  the  Corallian  fauna 
of  the  Jura ;  whilst  in  England  the  Corallian  fauna  for  the  most 
part  disappeared  at  the  introduction  of  the  great  clayey  period 
at  the  close  of  Corallian  times.  Admitting  this  to  be  the  case, 
the  Astartian  must  be  regarded  as  representing  part  of  our  Lower 
Kimeridge  day  and  Kimeridge  Passage-beds.  Blake  makes  the 
beds  with  Ostrea  deiioidea  &c.,  at  the  base  of  tlie  Lower  Eimer- 
idge,  the  upper  limit  of  the  Astartian  in  England ;  but  there 
appears  to  be  some  evidence  for  including  a  larger  portion  of  our 
Lower  Eimeridge  in  the  Astartian.  Astarte  supracorallina  has  been 
found  in  the  Jura  only  in  the  Astartian  beds,  and  this  fossil,  or  at 
least  a  form  which  is  very  hard  to  distinguish  from  it,  occurs 
fairly  commonly  in  the  Lower  Kimeridge  Clay  of  England,  and  has 
also  been  recorded  from  the  Sandsfoot  Clays  and  Grits  (Supracoral- 
line  beds  of  Blake  and  Hudleston).  In  Cambridgeshire  the  following 
zones  have  been  made  out  in  the  Lower  Kimeridge  Clay  (Sedgwick 
Essay  for  1886,  MS.)  :— 

4.  Clays  crowded  with  Exogyra  virgula, 
3.  Clays  with  Ammonites  altemans. 
2.     „         „     Astarte  supracoraUina, 
1.     „         „     Ostrea  deUcidea. 

The  fossil  characteristic  of  zone  no.  2  has  not,  as  yet,  been 
found  in  this  district  above  that  horizon.  If  the  range  of  Astarte 
supracoraUina^  which  is  characteristic  of  the  Astartian,  be  of  any 
value  in  indicating  the  limits  of  the  equivalents  of  the  beds  in 
the  two  areas,  the  clays  containing  this  fossil  in  England  should 
certainly  be  included  in  the  Astartian.  The  other  Lower-Kimeridge 
fossils  which  are  present  in  the  Astartian  of  the  Jura  also  support 
this  view. 

The  fauna  of  the  Astartian  beds  in  the  southern  district  of  the 
Jura  has  much  in  common  with  that  of  the  northern  district,  and  a 
comparison  of  their  fossils  with  that  of  the  Lower  Kimeridge  of 
England  points  to  much  the  same  conclusion. 
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The  PUrocerian  fanna  of  the  northern  part  of  the  Jura  contains 
181  spedes  (Qreppin,  op.  ciU  p.  110)  ;  31  of  these  pass  down  to  the 
Astartian,  14  also  occnr  in  the  Virgnlian,  and  17  are  common  to  the 
Astartian,  Pterocerian,  and  Virgolian,  and  there  are  6  species  which 
have  a  somewhat  wider  range ;  this  leaves  ahout  120  species  peculiar 
to  the  Pterocerian.  The  181  species  include  34  which  have  heen 
met  with  in  EngUnd  in  the  following  beds  respectively : — 

Lower  Oolites 2 

Corallian     8 

Eimeridge  Passage-beds  and  Lower  Eimeridge . .  14 

Portland  Beds    3 

Ranging  from  Coral  Eag  to  Kimeridge  Passage- 
beds    5 

Bangiog  from  Upper  Calcareous  Grit  to  Portland 

Beds    2 

34 

The  14  Kimeridge-Clay  species  include  6  which  pass  up  from  the 
Astartian ;  the  following  are  the  remaining  8  species : — 

Ammoiiites  rotondatus.  Sow. 
Keritopais  delphinula,  IXOrb, 


rientopflis  delpmnuiA,  v  inv, 
Pholadomya  acutioosta,  Sow. 
Protei,  Ag, 


«Trigoiiia  muricata,  Gold/. 

»Astarte  pesolina,  Coivtj. 
Cardium  pseudoaxinos,  Thumt, 
Ostrea  Bruntrutaius  Tkurm. 


The  two  species  marked  *  are  also  recorded  from  the  Virgulian. 
The  commonest  and  most  characteristic  fossil  of  this  stage  (Pteroceras 
oceani)  has  not,  as  yet,  been  found  in  England.  The  Abbotsbury 
Ironstone  has  yielded  a  species  of  PUroceras  (Q.  J.  G.  S.  vol.  xxziii. 
p.  274) ;  this  deposit  is,  as  already  stated,  included  in  Blake's  Eim- 
eridge Passage-beds,  and  is  too  low  in  the  series  to  be  correlated  • 
with  the  Pterocerian.  No  true  Pterocerian  fauna  is  known  to  occur 
in  England,  though,  as  Blake  points  out  (Q.  J.  G.  S.  vol.  xxxi. 
p.  215),  "  several  of  the  less  peculiar  fossils  of  that  group  are  found 
associated  with  Lower  Eimeridge  forms,"  a  statement  which  folly 
agrees  with  the  conclusions  to  be  derived  from  the  fossils  quoted 
above.  In  the  absence  of  a  Pterocerian  fauna  in  England,  it  is 
of  course  difficult  to  find  their  equivalents  in  this  country ;  what 
evidence  there  is  clearly  points  to  some  portion  of  the  Lower  Eim- 
eridge of  England  as  being  the  representative  of  the  Pterocerian 
of  the  Jura.  Blake,  in  referring  to  the  Pterocerian  of  the  Paris 
basin,  states  that  the  stage  "  is  adopted  solely  in  deference  to  its 
probable  justification  in  the  area  where  it  was  first  introduced, 
namely  the  Jura,  and  to  its  distinctness  palaeont^logicaUy  when  the 
fossils  of  any  locality  have  been  studied.  Neither  in  the  basin  of 
Paris,  nor  in  any  other  part  yet  studied,  is  it  sufficiently  distinct  to 
be  of  much  importance  in  the  field  "  (Q.  J.  G.  8.  vol.  xxxvii.  p.  678). 
It  has  already  been  shown  that  in  the  Jura  the  Pterocerian  fauna  is 
very  well  marked,  and  it  would  appear  that  it  diminishes  in  impor- 
tance in  a  north-westerly  direction,  and  disappears  altogether  before 
reaching  England. 
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The  Pterocerian  fauna  of  the  southern  district  of  the  Jura  is 
poorer  in  species  than  that  of  the  northern,  since  it  numbers  only  63 
species  (Jaccard,  op.  dt.  p.  193),  17  of  which  occur  in  England  (9  in 
the  CoralUan,  4  in  the  Jjower  Eomeridge,  1  in  Upper  Kimeridge,  and 
3  range  from  Corallian  to  Lower  Kimeridge).  Exogyra  virgula*  is 
recorded  from  these  beds,  but  apparently  does  not  occur  in  any 
abundance.  They  may,  however,  represent  a  portion  of  the  Vir- 
gulian  of  the  northern  district,  which  has  not  been  recognized  as  a 
distinct  formation  in  the  central  Jura. 

Greppin  (op.  cit.  p.  118)  records  118  species  from  the  Yirgulian 
of  the  Jura  Bemois,  and  this  includes  21  British  species,  of  which 
1  occurs  in  the  Lower  Oolites,  6  in  the  Kimeridge  Passage-beds 
and  Lower  Kimeridge,  1  in  the  Upper  Kimeridge,  3  in  the  Port- 
land Beds,  while  7  range  from  the  Corallian  to  the  Lower  Kimeridge, 
and  3  from  the  Corallian  and  Lower  Kimeridge  to  the  Portland 
beds.    The  Lower-Kimeridge  forms  are ; — 


Ammonites  longiBpinui,  Sow. 
Anatina  parmla,  Et. 
Area  sublata,2>' Ord. 


Astarte  peeolina,  ContJ. 
Lima  firgulina,  Cont;. 
Exogyra  yirgula,  Desm. 


Four  of  these  fossils  are  peculiar  to  the  Yirgulian  of  the  Jura. 
The  upper  beds  of  the  Lower  Kimeridge  Clay  of  Cambridgeshire  are 
crowded  with  Exogyra  virgula  (Sedgwick  Essay  for  1886,  MS.), 
in  fact  one  bed  is  for  the  most  part  made  up  of  the  shells  of  this 
small  oyster.  Precisely  the  same  thing  occurs  in  these  beds  in  the 
Jura,  the  only  difference  being  that  in  the  last-named  locality  the 
matrix  in  which  the  fossils  are  imbedded  is  slightly  more  calcareous 
than  the  zone  in  England.  Ammonites  longispinus  is  associated 
with  Ex.  virgula  in  the  upper  portion  of  the  Lower  Kimeridge 
of  Cambridgeshire.  Elsewhere  in  England  Ex.  virgula  has  been 
commonly  met  with  in  the  Lower  Kimeridge,  and  extends  into  the 
lower  part  of  the  Upper  Kimeridge ;  it  is,  however,  more  character- 
istic of  the  former  subdivision.  The  palaeontological  evidence 
therefore  points  to  the  upper  division  of  the  Lower  Kimeridge  Clay 
of  England  as  being  the  equivalent  of  the  Yirgulian  of  the  Jura ;  the 
latter  should  certainly  be  placed  on  the  horizon  of  the  virgula^hed  at 
Ely,  and  probably  also  on  that  of  the  zone  of  Amm.  aZtemans  which. 
underlies  this.  Blake  correlates  the  Yirgulian  of  France  with  that 
portion  of  the  Lower  Kimeridge  which  overlies  the  zone  of  Ostrea 
ddUndea  &c. ;  but  we  have  seen  reason  to  believe  that  a  part  of  this 
is  on  the  horizon  of  the  Astartian  of  the  Jura. 

The  Pordandian  of  the  Jura,  although  of  considerable  thickness, 
contains  but  a  poor  fauna.  Jaccard  (op.  dt.  p.  187)  records  47  spe- 
cies, and  Greppin  (op.  dt.  p.  123)  35  species  from  this  stage ;  deduct- 
ing 8  species  common  to  both  lists,  this  gives  a  total  of  74  species 
from  the  two  districts.     Amongst  these  there  are  no  less  than 

*  Oppel  (o^.  cit.  p.  751),  apparently  referring  to  the  Pterocerian  of  the  Bemois 
district,  mentionB  the  occurrence  of  a  eolitaxy  specimen  of  Exogyra  virgula  from 
thiB  stages 
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16  species  which  have   been  met   with  in  the  Portlandian  of 
England : — 


Ammonites  gigas,  Ziet, 

Grayesianus,  d!Orh. 

Irius,  cPOrb, 

Natica  Marcoaaana,  ffOrh. 

elegans,  De  Lor, 

♦Pleuromya  tellina,  Ag, 
Plectomja  rugomi,  Rom. 
Cardium  diasimile,  Sow, 


Cyprina  Brongniarti,  PicL 
Lucina  portlandica,  8ow. 
Tiigonia  concentrica,  Ag, 

gibbosa,  Ag. 

Mytilus  boloniensis,  De  Lor, 
Pinna  Buprajurensis,  D'Orb, 
Pecten  suprajurensis,  2/ Orb, 
Pema  Bouchardi,  Opp, 


*  Also  ranges  down  to  the  Gorallian. 

The  three  first-named  fossils  in  the  list  are  quoted  by  Judd  from 
the  Portlandian  of  Speeton  (Q.  J.  G.  S.  vol.  xxiv.  p.  238),  and  the 
others  are  found  in  Blake's  list  of  fossils  from  the  Portland  Rocks 
of  England  (Q.  J.  G.  S.  vol.  xxxvi.  p.  235).  The  above  list  clearly 
shows  that  the  fauna  of  the  Portlandian  of  the  Jura  is  closely  allied  to 
tiiat  of  the  Portland  rocks  of  England,  and  this  is  more  especially  the 
case  with  the  Portland  beds  of  8peeton,  as  stated  by  Prof.  Judd  (op, 
ciL  p.  238),  Neither  in  Greppin  s  nor  in  Jaccard's  hst  of  Portlandian 
fossils  is  there  a  single  species  characteristic  of  the  Upper  Kimeridge 
Clay  of  England,  although  it  is  highly  probable  that  these  beds  are 
partly  the  representatives  of  the  Portlandian.  We  have  seen  that 
the  beds  which  underlie  the  Portlandian,  namely,  the  Yirgulian,  are 
probably  represented  by  the  upper  portion  of  the  Lower  Kimeridge 
Clay.  If  such  be  the  case,  then  the  Upper  Kimeridge  must  repre- 
sent, in  time  at  least,  a  part  of  the  Portlandian  of  the  Jura.  Blake 
correlates  the  Portlandian  of  the  Paris  Basin  with  the  Upper 
Kimeridge  and  Portland  beds  of  England.  Waagen  and  Eenevier 
do  the  same  for  the  Portlandian  of  the  Jura,  a  view  which,  from 
palsDontological  and  stratigraphical  considerations^  appears  to  be 
correct. 

The  Purbeckian  of  the  Jura  has,  as  already  stated,  been  fally 
described  by  Jaccard  and  De  Loriol  (Soc.  Phys.  et  d'Histoire  Nat.  de 
Geneve,  vol.  xiii.)  and  also  by  Maillard  (M^.  Soc.  Pal.  Suisse, 
vols.  xi.  &  xii.).  From  paleeontological  considerations,  Jaccard  and 
De  Loriol  regard  the  Purbeckian  of  the  Jura  as  the  equivalent  of  the 
Purbeck  beds  of  England,  of  which  it  represents  the  Middle  and 
Lower  divisions  {pp.  cit,  p.  64).  MaiUard  arrives  at  exactly  the 
same  conclusion  (op.  cit.  vol.  xi.  p.  133).  He  states  that  16  of  the 
Purbeckian  fossils  occur  in  England  in  the  following  beds : — 

Three  are  exclusively  Wealden : — 

Lioplaz  inflata,  Sandb.  |  Unio  subtnincatus,  Sow, 

Piammobia  tellinoides,  Sow. 


Three  species  are  found  in  the  Wealden  and  Purbeck  : — 

Corbula  alata,  Sow.  I  Cyrena  media,  Sow. 

Cyrena  angulata,  Sandb,  \ 

aJ.G.S.  No.  170.  "^ 
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Ten  species  occur  in  the  Purbeck : — 


Cypris jpurbeckensiB,  Forbes, 
Physa  Bri8tx)wi,  Forbes. 

wealdiensis,  Mailloerd, 

Limiuea  phyBoides,  Forbes. 
Leptoxifl  subangulata,  Sandb. 
ValTata  heliooides,  Forbes. 


Hjdrobia  Ohopardi,  Sandb. 
Corbula  duristoneusis,  MaiUard, 

Forbeeii,  De  Lor. 

Protocardia  parbeckensis,  Mail- 
lard. 


He  farther  adds  that  the  fauna  of  the  upper  brackish  beds  is 
found  exclusively  in  the  upper  part  of  the  Middle  Purbecks  of 
England.  Maillard  (op.cU,  p.  134)  gives  the  following  table  of 
correlations : — 


JUBA. 

Angleterrs. 

Couches  SaumAtres  Bup^rieuree. 

1 

Niyeaux  k  {omles  SaumAtres. 

douches  njmphtennes. 

Faanes  prinoipelement  d'eau 
douoe. 

Hames  &  gypse. 

Dirt  Beds. 

Lower  Furbedc:  Gypae  k  Durlstone 
Bay. 

Dolomie  sacrharoide  k  Corbula  im- 
flexa  et  Cyrena  rugosa. 

Fortlandien  k  Cyrena  rugosa. 

The  palseontological  evidence  is  undoubtedly  in  favour  of  the  cor* 
relation  above  mentioned.  If  so,  then  the  representatives  of  our 
Upper  Purbecks  must  be  sought  for  in  the  Valangian  of  the  Jura ; 
the  latter,  however,  is  a  marine  deposit,  and  the  former  freshwater, 
so  that  in  the  absence  of  fossil  evidence  the  correlation  must  be 
made  purely  on  stratigraphical  grounds. 

In  the  sub-Wealden  boring  it  was  shown  that  the  lower  portion 
of  the  Purbeck  Beds  contained  a  quantity  of  gypsum,  which  appears 
to  be  somewhat  similar  in  character  to  that  of  the  lower  part  of  the 
Purbeckian  of  the  Jura.  If  our  correlation  be  correct,'  it  is  rather  a 
remarkable  coincidence,  that  the  same  physical  conditions  prevailed 
during  a  portion  of  this  period  at  such  widely  separated  localities. 

In  the  subjoined  table  an  attempt  is  made  to  summarize  the 
correlations  arrived  at  in  this  part  of  the  paper.  It  would  appear, 
in  some  cases  at  least,  that  the  changes  in  the  physical  conditions 
which  caused  the  termination  of  one  stage  and  the  commencement 
of  the  succeeding  one  did  not  take  place  synchronously  in  England 
and  in  the  Jura,  and  on  this  account  the  faunas,  as  it  were,  some- 
times overlap.    Hence  the  difficulty  of  exactly  defining  the  equi- 
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Talents  of  the  stages  in  such  widely  separated  areas,  and  the  lines 
drawn  in  the  table  can,  in  some  cases,  only  be  regarded  as  approxi- 
mately correct. 

TahU  of  Correlations  of  the  Upper  Jurassic  Books  of  the  Swiss  Jura 
and  England. 


EKOLAND. 
(  Upper. 


^'^'^'^^  j  Middle. 
V  Lower. 


Portland  itone. 

„       8and.fce. 
Upper  Eimeridf^e  Claj. 


LOWXB        . 

KncKSiDox.'' 


^Clajra  with  Exogjfra  virgula, 
«       n     Ammonites  altemana. 


Clajf  with  AtiarU  npraeoralUna. 
^    f»        t*      Ottrea  deltoidea, 
Ximerid^  Pasaage-bedB. 


^Snprttooralline. 


GOBAUJAH. 


Coral  Bag. 


Coralline  Oolite. 


Kiddle  Calcareooa  Grit 


Hambleton  Oolite. 


Lower  Calcareooa  Orit. 


fClaya  with  eordaH  Ammonites. 


OXVOBD 


omati  Ammonitea. 


kKellowayBook. 


Combraah. 


SWISS  JUBA. 
Yalongien. 


Purbeckien. 


Fortlandien. 


Yirgolien. 


Ftdroo^rien. 


Aatartien. 


Coloaire  k  Ndrintfea. 
OoUthe  Corallienne. 


Terrain  k  ohaillea  tilioeox. 


Pholadomien.' 
Spongitien. 


>OXF0BOIEir. 


Le  fer  aooa-Ozfordien. 


•II 


Zone   of  Amm.    maeroee-  (  ^ 
phalus.  J  g 


Bathonien. 


[Note,  April  23. — The  fossils  from  the  Lower  Greensand  of 
Upware,  which  have  been  referred  to  the  genus  Nerincea,  include 
two  species  figured  by  Mr.  W.  Keeping  (Sedgwick  Essay  for  1879, 
pi.  iii.  figs.  7  &  8)  and  some  undoubtedly  derived  forms  (op.  cit. 
p.  45).  Since  the  question  of  the  occurrence  of  Nerincea  in  the 
Lower  Greensand  of  Britain  was  raised,  the  two  aboTo-mentioned 
figured  specimens  have  been  sliced.  The  interior  of  these  shells  is 
filled  witii  the  deposit  in  which  they  were  found ;  and  this,  together 
with  their  mode  of  preservation,  clearly  proves  them  to  be  of  Lower 
Greensand  age. 

t2 
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The  external  form  of  tbe  two  figured  speoies  is  not  unlike  that  of 
some  NerinacB ;  but  on  examining  the  inside  of  the  whorls  and  the 
columella,  the  spiral  thickenings  or  folds,  so  characteristic  of  the 
genus  Nenncea^  are  not  seen,  nor  is  there  any  thing  to  indicate  them 
in  either  specimen  except  the  ''  two  broad  faint  grooves  se^i  in 
places  upon  the  inside  cast,"  mentioned  by  Mr.  Keeping  (op.  cit. 
p.  94)  as  occurring  in  N,  tumida.  These  faint  grooves  are  un- 
doubtedly due  to  a  slight  variation  in  the  thickness  of  the  shell,  but 
are  totally  different  from  the  spiral  thickenings  of  Nenncea, 

The  specimens  have  been  submitted  to  Mr.  Hudleston,  and  he  is  of 
opinion  that  Nerinoea^  sp.  {op,  cit,  ^g.  7),  is  an  undoubted  Cm^A^um; 
and  that  N.  tumida,  Keeping,  belongs  to  the  Gerithiadad  rather  than 
to  the  Nerinseidsa. 

The  other  specimens,  being  derivatives,  may  have  oome  from  the 
underlying  Corallian.] 

DlSCTJSSION. 

Mr.  Ethxbidoe  said  it  was  difficult  to  criticize  this  paper  until 
it  appeared  in  print.  It  dealt  with  a  mass  of  detail,  and  Mr. 
Roberts  had  had  peculiarly  favourable  opportunities  for  working  out 
the  question  both  in  Switzerland  and  in  Cambridge.  The  work  must 
be  compared  with  that  done  by  Mr.  Hudleston  and  Mr.  Blake.  The 
speaker  thought  that  the  Pterocerian  was  represented  at  Portland ; 
but  the  Portland  and  Kimeridge  beds  of  England  were  peculiar, 
and  could  not  be  exactly  correlated  abroad. 

Mr.  HuDLESToir  agreed  with  Mr.  Etheridge  as  to  the  advantages 
under  which  Mr.  Roberts  had  studied  the  Jurassic  rocks.  Mr. 
Roberts  had  lately  undertaken  a  very  difficult  task,  the  examination 
of  the  Jurassic  beds  near  Cambridge,  and  had  now  entered  on  an 
even  more  difficult  inquiry.  It  was  not  very  easy  to  find  a  classifi- 
cation that  would  fit  all  countries.  The  Oxfordian  and  Callovian 
were  comparatively  simple,  on  account  of  their  fossils  being  widely 
distributed,  and,  to  some  extent,  the  Corallian  was  not  difficult  to 
trace,  though  there  was  a  difficulty  about  the  zone  of  CidarU  flori- 
gemma.  The  higher  Oolites  were  more  difficult  to  correlate.  Thus 
NerincBa  is  wanting  above  the  Corallian  in  England  (except  a  re- 
ported occurrence  in  the  Neocomian),  but  it  is  said  to  abound  in 
Kimeridgian  and  Portlandian  on  the  continent.  Undoubtedly  our 
Kimeridgian  is  abnormal.  The  700  feet  of  Upper  Kimeridge 
in  Kimeridge  Bay  would  be  classed  as  Portlandian  on  the  conti- 
nent, and  Blake  proposed  to  distinguish  even  lower  beds  as  Bolonian. 
The  Ammonites  afforded  some  clue  to  the  relations  of  the  beds.  The 
application  of  the  term  Portlandian  to  beds  representing  true  Kim- 
eridge was  objectionable.  He  was  surprised  to  hear  Mr.  Ethe- 
ridge say  that  representatives  of  Pterocerian  beds  occurred  at 
Portland.  So  far  as  Mr.  Blake  and  he  had  been  able  to  ascertain, 
no  such  representatives  could  be  detected. 

Prof.  Hughes  said  that  the  so-called  Neocomian  of  Upware  rested 
on  Coral  Rag,  and  the  fossils  might  have  been  derived.    He  called 
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attention  to  the  important  differences  between  the  limits  of  the 
stages  in  England  and  those  bearing  the  same  name  in  Switzerland. 

Mr.  BoBRRTS,  in  reply,  said  that  Cidaris  ftorigemma  was  found 
abundantly  in  the '  Terrain  h.  Chailles  siliceux.'  Nerincea  he  had  found 
in  Astartian  and  Fterocerian.  The  Portlandian  of  the  Jura  appeared 
to  be  a  single  group. 

Mr.  £therid6B  said  there  were  specimens,  apparently,  ofPteroceras 
oceani  from  Portland  in  the  British  Museum. 
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22.  On  the  Leaf-bebb  and  Graveu  of  ABBTirif,  CaE8at&,  ^c,  in 
Mull.  By  J.  Staekie  Gabdotsk,  Esq.,  F.G.8.  With  Notes  by 
GBEmriLLE  A,  J.  Cole,  Esq.,  F.G.S.  (Read  January  12, 1887.) 
[Platm  XTTT.-XVI.] 
The  Ardtun  leaf-beds  have  once  before  formed  the  subject  of  a  com- 
munication to  this  Society  *.  Its  author  was  the  Duke  of  Argj'll, 
and  its  interest  exceptional,  as  it  once  for  all  fixed  the  age  of  the 
great  Trap  formation  of  the  Inner  Hebrides  ;  and  geologists  learned 
that,  even  since  a  period  so  recent  as  the  Tertiary,  beds  of  most  stub- 
bom  rock,  exceeding  1000  feet  in  thickness,  had  been  denuded  and 
abraded  until,  over  extensive  areas,  little  more  than  the  merest 
vestiges  of  them  remained.  The  value  of  this  discovery  to  the  geolo- 
gist can  hardly  be  overestimated,  for  the  data  then  furnished  ma- 
terially assisted  to  determine  the  age  of  the  Traps  stretching  from 
Antrim  to  Greenland. 

The  fossil  plants,  to  which  so  much  importance  attached,  were 
briefly  described  in  this  paper  by  Edward  Forbes,  and  aU  the  most 
characteristic  forms  were  figured.  He  inclined  to  the  idea  that  they 
might  be  of  Miocene  age,  but  did  not  commit  himself  definitely ; 
wlule  the  Duke  of  Argyll,  even  though  author  of  the  paper,  refrained 
from  expressing  any  opinion.  Prof.  Heer,  however,  who  was  then 
describing  the  Miocene  flora  of  (Eningen,  pronounced  them  to  be 
Miocene ;  and  the  weight  of  his  authority  has  been  such,  that  no 
serious  attempt  has  ever  been  made  to  reexamine. the  evidence  on 
which  his  opinion  was  based.  This  ruling  was  extended  to  the 
fossil  plant-beds  of  Greenland,  with  the  result  that  a  vast  series  of 
physical  changes,  which  extended  over  the .  entire  Tertiary  period, 
have  been  crowded  into  a  single  stage,  the  Miocene.  It  is  35  years 
since  the  Ardtun  flora  was  described,  when  the  study  of  fossil  plants 
was  so  far  in  its  infancy  that  the  occurrence  of  Dicotyledons  in  Cre- 
taceous beds  was  unsuspected,  and  even  plants  of  Eocene  age  were 
very  imperfectly  known.  In  the  concluding  part  of  this  paper  evi- 
dence will  be  brought  forward  to  show  that  it  should  actually  be 
placed  very  low  down  in  the  Eocene. 

The  Ardtun  beds  are  situated  in  Mull,  long.  6°  13-14'  W.,  and 
lat.  66°  20-21'  N.,  in  the  promontory  of  Ardtun,  between  Loch  na 
lAthaich  and  Loch  Scridain.  The  earlier  observations  are  recorded 
by  the  Duke  of  Argyll,  and,  since  1851,  the  beds  and  their  fossils 
have  been  continually  referred  to,  particularly  in  text-books  on  geo- 
logy and  guides  to  the  Western  Isles  ;  but  the  spot  itself  seems  to 
have  been  little  visited,  and  nothing  has  been  added  to  the  Duke's 
descriptions.  Much  additional  light  has,  however,  been  thrown  on 
the  Trap-formation  generally  by  the  works  of  Professors  Geikie  and 
Judd,  and  Dr.  James  Geikie  f. 

*  Quart.  Joum.  Qeol.  Soc.  vol.  vii.  p.  89. 

t  Prof.  Geikie,  Quart.  Journ.  Geol.  Soc.  vol.  xxvii.  p.  279,  '  Nature,*  Nov.  4, 
1880,  and  elsewhere ;  Prof.  Judd,  "  On  the  Ancient  Volcanoee  of  the  High- 
lands, and  the  Relation  of  their  Products  to  the  Mesozoic  Strata,"  Quart  Journ. 
Geol.  Soc.  vol.  XXX.  p.  220,  and  "  On  tlie  Strata  of  the  Western  Coast  and  Ishtrids 
of  Scotland,'*  Quart.  Joum.  Geol.  Soc.  vol.  xxxiv.  p.  &J0.     Dr.  James  Geikie, 
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"  On  the  Geolo^  of  the  Faeroo  Islands,'*  Trans.  Royal  Soc.  Edinb.  vol.  xxx., 
has  also  dealt  with  a  more  northerly  extension  of  the  name  formation.  Other 
equally  important  works,  bearing  more  or  less  directly  upon  the  subject,  are 
those  on  the  Antrim  Basalts,  by  Mr.  W.  H.  Baily,  in  the  British  Association 
Beporta,  and  our  Quarterly  Journal ;  on  the  Traps,  and  their  fossils,  of 
Iceland  and  Greenlimd,  by*Heer,  Nathorst,  and  Saporta;  and  on  the  beds 
with  similar  floras  in  North  America,  described  by  Dawson,  Lesquereuz,  and 
Kewberry. 
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We  propose  to  describe  the  more  important  outcrop  first,  then 
those  on  the  coasts  of  Carsaig  and  Burgh. 

The  sedimentary  rocks  at  Ardtun,  of  which  the  leaf-beds  form  a  part, 
appear  between  basalts  along  the  seaward  face  of  the  headland  for  a 
distance  of  somewhat  over  a  mile,  and  their  preservation  is  obviously 
due  to  the  circumstance  that  they  have  been  entirely  sealed  up  by 
great  overflows  of  trap  (see  fig.  1).  They  dip  under  the  sea  on  the 
west  or  Loch-na-IAthaich  side,  as  weU  as  to  the  eastward,  but  it  is 
probable  that  the  width  of  the  headland  corresponds  approximately 
with  their  original  limits  ;  for  though  the  proper  horizon  reappears 
again  in  the  next  headland,  half  a  mile  distant,  no  trace  whatever 
of  them  is  visible  there.  Patches  of  pisolitic  iron  and  bole  are  seen 
here  and  there  among  the  basalts  along  the  shore  up  Loch  Scridain, 
but  on  higher  horizons.  They  rest  upon  a  mass  of  basalt  about 
80  feet  thick,  the  upper  half  of  which  is  amorphous  and  vesicular, 
while  the  base  exhibits  the  most  beautifcdly  formed  and,  for  the  most 
part,  slender  columns.  These  are,  in  places,  curved  in  every  direction, 
even  lying  almost  parallel  to  the  bedding*,  and  closely  resemble 
those  of  the  '*  clam-shell "  cave  at  Staff  a,  about  seven  miles  distant. 
This  columnar  trap  is  riddled  with  caves,  which,  though  far  from 
rivalling  Eingal's  Cave,  are  still  of  great  beauty  and  interest,  the 
resemblance  between  their  masses  being  so  complete  as  to  render  it 
probable,  as  already  inferred  by  the  Duke  of  Argyll,  that  they 
actually  formed  pcit  of  a  single  flow.  Above  the  leaf-beds  and 
gravels  is  a  second  mass  of  trap,  some  50  feet  thick,  and  rudely 
columnar  in  structure,  forming  a  vertical  cHfi'.  This  flow  has  appa- 
rently been  completely  denuded  off  Staffa,  but  is  represented  at 
Burgh  Head  as  described  further  on.  Above  this,  again,  on  the  crest 
of  the  headland,  are  fragments  of  a  third  flow  of  a  similar  kind, 
neither  of  them  being  scoriaceous  or  amygdaloidal,  or  showing  any 
tendency  to  decompose.  This  so  far  simple  stratification  of  the  head 
is  complicated  by  the  intrusion  of  a  sheet  of  ver\'  dense  trap  (fig.  1,  a), 
which  penetrates  it  at  the  sea-level  on  itiS  east  side,  and  after  forming 
extensive  but  deeply  indented  horizontal  plateaux  a  little  above  the 
sea-level,  forces  a  devious  course  upward  through  the  columnar  and 
other  basalts  and  the  sedimentary  beds,  and  becomes,  owing  to  the 
extensive  denudation  it  has  been  subjected  to,  exposed  at  the  surface 
near  the  front  of  the  head.  It  dips  again,  however,  almost  imme- 
diately, passing  in  a  sinuous  course  downward  into  the  lower  basalt, 
and,  after  forming  a  few  small  promontories,  finally  disappears  under 
the  sea  at  the  western  side  of  the  head.  It  is  just  possible,  but  not 
probable,  that  the  ravine  in  which  the  leaf-beds  are  exposed  may  be 
the  site  of  a  feeder  of  this  subterranean  flow.  The  intrusive  sheet 
is  of  perfectly  uniform  thickness,  and  shows  a  starch-Hke  weather- 
ing on  its  exposed  face.  The  lines  separating  it  from  the  basalts 
into  which  it  is  intruded  are  perfectly  sharp,  and  its  clean  and  resist- 
less, but  devious,  passage  alike  through  every  quality  of  rock  resem- 

•  MaccuUoch,  'Western  Isles  of  Scotland/  vol.  i.  p.  496,  mentions  the 
ooeurrenoe  of  columns  parallel  to  the  bedding,  and  the  rule  that  columnar  struc- 
ture is  developed  at  right  angles  to  it  does  not  apply  in  these  cases. 
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bles  nothing  so  much  as  that  of  an  electric  discharge  through  the 
air.  It  looks  as  if  it  had  been  injected  with  immense  force  while 
molten,  without  reaching  the  surface ;  and  the  sudden  intrusion  of 
such  a  sheet  may  well  have  been  accompanied  by  a  violent  earthquake. 
Examples  of  these  intrusive  sheets  are  by  no  means  uncommon  in 
the  traps,  and  have  been  observed  more  particularly  by  Macculloch 
and  Geikie.  They  are  readily  distinguished  by  their  compact  tex- 
ture and  starch-like  weathering  amidst  the  piled  up  subaerial  flows. 
From  the  summit  of  the  head  the  remains  of  apparently  the  same 
sheets  of  perfectly  horizontal  traps  can  be  seen  stretching  over 
hundreds  of  square  miles.  It  is  well  known  that  these  are  believed 
to  be  part  of  a  Trap-formation  that  was  once  continuous  from  Antrim, 
through  the  Inner  Hebrides,  to  the  Faroes,  Iceland,  and  even  Green- 
land *.  The  included  plants  show  that  the  flows  were  approximately 
synchronous,  speaking  geologically,  over  the  area,  and  they  are  emi- 
nently representative  of  the  type  of  massive  eruption  so  graphically 
deecribed  by  Prof.  Geikiet,who  says : — "This  association  of  thin  nearly 
level  sheets  of  basalt,  piled  over  each  other  to  a  depth  of  sometimes 
3000  feet,  with  lava-fllled  Assures  sometimes  200  miles  distant  from 
them,  presented  difiiculties  which,  in  the  light  of  modem  volcanic 
action,  remained  insoluble.  The  wonderfully  persistent  course  and 
horizontality  of  the  basalts,  with  the  absence  or  paucity  of  interstra- 
tified  tufls,  and  the  want  of  any  satisfactory  evidence  of  the  thicken- 
ing and  uprise  of  the  basalts  towards  what  might  be  supposed  to  be 
the  vents  of  eruption,  were  problems  which  I  again  and  again 
attempted  to  solve.  Kor,  so  long  as  the  incubus  of  'cones  and 
craters '  lies  upon  one's  mind,  does  the  question  admit  of  an  answer." 
The  action  of  the  Traps  on  the  older  sedimentary  strata,  shown  by 
Macculloch  in  his  sections  of  the  coast  of  Trotternish,  in  Skye,  ap- 
pears inconsistent  with  the  view  that  they  were  poured  out  as  lavas 
^m  elevated  cones.  He  illustrates  a  dyke  which  he  speaks  of  as  a 
mile  wide,  giving  off  intrusive  veins  ('  Western  Isles,'  vol.  iii.  pi.  17), 
and  which  must  have  welled  through  long  parallel  Assures  in  immense 
gushes,  which  appear  to  have  Aowed  from  seaward  towards  the 
existing  shore-lines,  which  in  some  cases  still  coincide  with  their 
boundaries. 

Prestwich  J  advocates  that  the  term  Trap  should  be  retained  for 
flows  from  Assure-eruptions,  and  Lava  for  those  which  have  escaped 
from  craters.  Whether,  however,  the  present  limits  of  the  forma- 
tion in  this  direction,  even  approximately,  coincide  with  the  original 
ones  is  a  question  not  easy  to  answer,  in  face  of  the  colossal  denuda- 
tion to  which  they  have  been  subjected.  The  traps  at  Burgh  and 
Carsaig  are  over  1000  feet  in  thickness,  and  are  so  horizontal  that 
they  could  scarcely  have  thinned  so  considerably  within  so  short  a 
distance  as  Ardtun,  where  now  no  more  than  150  feet  remains.  The 
gneiss  of  Loch  na  lAthaich  may,  however,  be  part  of  an  old  ridge 
against  which  they  abutted.     Their  limits  towards  Benmore  are  far 

*  Geikie,  Quart.  Joum.  Geol.  Soc.  toI.  xxvii.  p.  279. 

t  'Nature/  November  4,  1880. 

}  Prwtwich,  *  Geology,*  vol.  i.  p.  389. 
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less  defined,  and  all  attempts  have  failed  to  trace  their  connexion 
with  the  older,  and  perhaps  also  newer,  flows  of  lava  that  proceeded 
from  that  region.  They  show  no  decided  dip  either  towards  or  away 
from  it ;  and  it  is  difficult  to  say  where  the  terraced  structure  of  the 
plateau  Traps  definitely  ends.  That  even  then  there  was  an  ele- 
vated tract  not  far  off,  possibly  the  Benmore  region,  which  had  been 
the  scene  of  acid  eruptions,  is  indicated  by  the  composition  of  the 
Ardtun  gravels,  as  described  by  Mr.  Cole.  But  the  crest  of  Benmore 
itself  appears  to  me  to  be  a  fragment  of  the  wall  of  a  crater  which 
may  have  occupied  the  site  of  Loch  Beg,  from  which  later  lavas  have 
flowed  *.  It  is  an  open  question  whether  the  traps  ever  actually 
extended  over  the  central  part,  or  far  beyond  their  present  limits  in 
Mull,  or  over  other  districts  where  there  are  now  no  traces  of  them. 
Contemporary  dykes  have,  it  is  true,  been  traced  by  Geikie,  Jack, 
and  others  right  across  Scotland  and  even  England,  but  these  were 
probably  subordinate  to  the  main  fissures  of  eruption,  which  must 
have  been  parallel  to  the  long  axis  of  the  formation,  and  their 
lavas  need  not  necessarily  have  reached  the  surface. 

To  return  to  Ardtun.  We  have  already  seen  the  horizontal  extent 
of  the  sedimentary  series,  and  pointed  out  its  position  relatively  to  the 
Traps  which  have  enclosed  it.  It  consists,  where  thickest,  towards 
the  centre  of  the  headland,  of  shaly  days  and  limestones,  and  coarse 
indurated  gravels  and  sands,  which  thin  rapidly  to  the  west  and  pass 
beneath  the  sea,  in  not  greatly  diminished  thickness,  to  the  east. 
The  section  given  (fig.  1)  shows  them  to  be  thickest  near  a  ravine,  and 
again  some  distance  eastward ;  but  in  the  latter  locality  the  laminated 
leaf-beds  beneath  the  gravel,  if  present,  are  entirely  concealed  by  taluB. 
The  fossils  have  been  obtained  from  the  sides  of  the  ravine,  rendered 
famous  by  the  paper  on  them  already  referred  to  f,  and  more  recently 
firom  a  spot  a  little  to  the  east. 

On  the  west  side  of  this  ravine  (fig.  2)  we  see,  first,  a  bed  of  buff  or 
cream-coloured,  soft,  laminated  sandstone  {h)t<,  the  edges  of  which  are 
suddenly  turned  up  and  plastered  in  one  place  against  the  overlying 
beds,  suggesting  that  the  ravine  must  be  due  to  the  upward  passage 
of  a  dyke  which  has  since  decomposed  and  weathered  away — a  view 
supported  by  the  gravel  walls  on  both  sides  of  the  ravine,  which  have 
the  appearance  of  having  been  subjected  to  a  more  intense  heat  than 
elsewhere.  There  are  also  some  included  fragments  of  a  pale  drab- 
coloured  stone  on  the  opposite  side  (fig.  3).  On  the  east  side  of 
the  ravine  I  undertook,  by  aid  of  a  Government  grant  from  the  Royal 
Society,  some  rather  extensive  quarrying  operations,  and  the  follow- 
ing beds  were  seen : — At  the  base,  on  the  amorphous  Trap  (i),  is  car- 
bonaceous rubble  fiUing  in  its  rugged  surface,  which  may  be  set  down 
at  1  foot.   Above  this  is  2  feet  of  bedded  river-sand  {g),  now  indurated, 

*  The  structure  of  the  peak  resembles  that  of  the  peaks  forming  the  walls 
of  the  Grand  Oiirral  in  Madeirai  though  denuded  to  an  infuiitely  greater 
extent 

t  Argyll,  Quart.  Joum.  Gkol.  Soc.  vol.  vii.  p.  89. 

I  This  occupies  the  position  of  the  third  leaf-bed  of  the  Duke. 
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Fig.  2. — Section  of  west  side  of  Ravine,  Ardtun  Head, 
(Belative  thickness  of  leaf-beds  exaggerated.) 
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a.  Budelj  columnar  basalt,  with 
grass  at  foot. 

d.  Gravel. 

e.  Hard  bed,  with  Onooiea, 

There  are  many  stems  in  this  part  of  the  Black  leaf-bed,  one  of  which  was  3  feet 
long  and  5  inches  across.    The  Ught  leaf-bed  is  unfossiliferous  here. 


/.  Black  leaf-bed. 
g.  Gravel. 
A.  Light  leaf-bed. 
i.  Amorphous  basalt 


Pig.  3. — Quarry  in  east  side  of  Ravine,  Ardtun  Head. 


a.  Rudely  columnar  basalt 

b.  Intrusive  sheet. 

e.   Sandstone,  more  or  less  fissile,  8  ft. 
d.  Indurated  Gravel,  7  ft 


e.  Hard  bed,  with  OjiocUa^  I  ft 
/.   Black  leaf  bed,  2  ft  4  in. 
g.  Indurated  gravelly  sand,  2  ft. 
t.  Amorphous  basalt,  with  rubble. 
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and  then  a  bed  of  black  crumbly  shale(/),2  feet  4  inches  thick,  crowded 
with  leaves*.  The  lowest  part  of  this  is  greatly  squeezed,  and  desti- 
tute of  recognizable  fossil  leaves  t,  but  a  few  succeeding  layers  con- 
tain innumerable  specimens  of  a  simple  ovate  leaf,  the  Ehamnites  of 
Edward  Forbes  J,  then  some  squeezed  layers  with  decomposed  leaves 
and  Equisetum,  and,  lastly,  a  layer  made  up  almost  entirely  of  the 
large  leaves  of  Platanites,  Forbes.  Above  this,  but  separated  by  a  per- 
fectly sharp  plane,  is  •a  bed  (e),  one  foot  thick,  of  very  dark,  intensely 
indurated  whinstone  or  rag,  originally  fetid  mud,  in  which  immense 
leaves  of  Platanites  are  rolled  and  folded  together  with  broken  and 
mostly  very  macerated  fronds  of  Onoclea  (Filicites)  hebridica^  Forbes, 
broken  stems  of  Equisetum,  and  occasional  twigs  of  Taxits  (Taxites) 
Camphellii^  Forbes.  Magnificent  specimens  from  this  layer  were 
obtained  and  a^re  now  in  the  British  Museum,  one,  not  far  short  of 
a  square  yard  in  surface,  exhibiting  specimens  of  all  these  except 
the  last.  Another  plane  separates  it  from  a  similar  bed,  but  with 
few  fossils,  which  passes  gradually  upward  into  the  overlying  gravel 
(d)f  at  this  point  only  7  feet  thick ;  this  in  turn  passes  into  some 
fissile  sand  (c),  becoming  softer  at  the  top  and,  in  all,  8  feet  thick. 
The  Duke's  first  leaf-bed  is  at  this  horizon,  though  I  failed  to  find  it 
f  ossiliferous.  The  parting  between  this  and  the  trap  above  is  carbo- 
naceous rubble,  similar  to  that  at  the  base. 

The  gravel-bed  is  of  the  greatest  interest,  and  its  composition  has 
been  most  kindly  investigated  by  Mr.  Grenville  Cole,  who  himself 
collected  the  different  specimens  he  describes. 


Note  on  the  Oravd  of  Ardtun.     By  Gbeitville  A.  J.  Cole,  Esq., 

F.G.S. 

The  main  constituents  of  the  gravel-beds  are  flints  and  lava- 
fragments,  the  proportions  in  which  they  occur  varying  considerably 
in  different  layers.  The  larger  masses  are  well  rolled,  the  smaller 
more  so  than  would  appear  on  fractured  surfaces  ;  and  the  features 
of  the  beds  are  quite  distinct  from  those  of  a  tuff  or  a  volcanic 
breccia.  The  flints,  despite  their  characteristically  white  and  altered 
condition,  retain  abundant  traces  of  organisms  and  of  the  chalk  from 
which  they  have  been  derived.  It  may  be  fairly  questioned,  indeed, 
whether  these  hard  white  fragments  are  not  in  many  instances 
comparable  to  the  siHcificd  chalk  of  the  area  rather  than  to  the  flints 
developed  by  concretion  in  that  chalk ;  and  whether  they  were  not 

♦  The  second  leaf-bed  of  the  Duke  of  Argyll,  the  third  being  unrepresented  on 
this  side  of  the  ravine.  All  these  layers  proved,  however,  to  be  bo  crumbling 
aa  scarcely  to  repay  working,  and  large  quantities  are  left  exposed  in  situ. 

t  A  very  similar  shale,  with  some  of  the  same  plants,  was  discovered  in  the 
Isle  of  Canna  by  Prof.  J.  A.  Harvie-Brown,  who  informs  me  that  it  occurs  in  a 
cave  on  the  north  sMe  of  Canna,  close  to  the  shore.  He  says : — "  Those  we  ob- 
tained were  at  the  exposed  side  of  the  shale-seam  which  projected  from  the  rock 
close  to  the  floor  of  the  cave.  I  think  a  fisherman,  Mr.  Isaac,  if  still  at  Canna, 
could  point  out  the  place.*' 

^  Quart  Joum.  Geol.  Soo.  vol.  viL  p.  103,  pi.  i        Berchemia  of  Hear. 
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of  a  more  calcareous  nature  when  first  included  in  the  gravels  *.  In 
section  they  afford  a  rich  harvest  of  organic  remains,  including,  in 
one  of  the  instances  examined,  glauconitic  casts  sufficiently  nume- 
rous to  give  a  distinct  greenish  tinge  to  the  cut  surface  of  the 
specimen. 

Pebhles  of  grey  quartzite  are  also  found,  and  the  matrix  of  the 
gravel  is  composed  of  quartz-  and  felspar-sand,  comminuted  parti- 
cles of  lava,  and  occasional  glauconitic  grains.  Though  the  crystal- 
line granules  may  have  been  largely  derived  from  the  old  gneissic 
floor  of  the  district,  yet  in  some  cases  they  retain  intrusions  of  glassy 
matter  which  indicate  their  original  occurrence  as  porphyritic  crys- 
tals in  dykes  or  lava-flows. 

The  pebbles  of  volcanic  material  might  be  expected  to  exhibit 
many  interesting  characters,  such  as  are  usually  lost  to  us  by  wea- 
thering before  a  lavsnstream  becomes  entombed  among  later  accumu- 
lations f.  We  find,  in  fact,  rolled  fragments  of  scoriaceous  basalt- 
surfaces  ;  and  the  microscope  reveals  many  other  products  of  rapid 
cooling,  such  as  colourless  pumice  and  particles  of  basic  glass,  the 
latter  showing  fluidal  structure  and  cr}'stallites  in  various  stages 
of  development. 

A  large  number  of  the  pebbles,  whether  grey-green,  brown,  or 
even  pink,  are  derived  from  pre-existing  basaltic  flows,  which  have 
yielded  specimens  of  their  more  compact,  though  not  of  their  doleritic, 
portions.  In  one  brown-pink  example  we  have,  with  a  fresh  mono- 
clinic  pyroxene,  olivine  so  ready  in  its  decomposition,  and  giving  rise 
to  such  rich  brown  products,  as  to  suggest  a  highly  ferruginous 
variety.  In  another  and  greyer  specimen  the  matrix  is  largely 
glassy,  the  more  crystallized  portions  being  gathered  into  little  flecks 
and  patches  visible  to  the  naked  eye. 

But  the  main  interest  rests  with  the  examples,  preserved  thus 
locally,  of  rocks  which  have  been  lost  to  us  throughout  this  district 
under  the  enormous  outpourings  of  basalt. 

At  the  flrst  glance  many  of  the  Ardtun  pebbles  recalled,  in  a  redder 
and  altered  form,  the  sanidine-lavas  of  Ischia  or  the  Ilhine.  Their 
microscopic  examination  fully  bears  out  this  view,  which  has  been 
confirmed  by  further  evidence.  One  specimen,  seen  in  section,  has 
the  familiar  pale  augites,  the  abundant  porphyritic  felspars,  the 
fluidal  glassy  matrix  that  one  associates  with  trachytic  flows.  The 
specific  gravity  proves  to  be  only  2*45,  and  the  felspar,  as  determined 
carefully  by  Szabo's  method,  contains  more  potash  and  less  soda  than 
many  accredited  sanidines. 

Another  more  crystalline  specimen  consists  of  crowded  felspars 

*  Cf.  Judd,  Quart.  Joum.  Geol.  See.  vol.  xxx.  p.  228. 

t  Prof.  Jakes,  in  1860,  writes  of  a  similar  but  far  more  ancient  deposit:— 

"  It  had  yery  much  the  aspect of  one  of  the  beds  of  volcanic  breccia 

and  conglomerate  one  so  often  sees  about  recent  and  active  volcanoes ;  and  it 
occurred  to  me  that  in  these  pebbles  of  vesicular  trap  we  might  have  preserved 
the  only  fragments  of  the  more  superficial  parts  of  the  flows  of  molten  matter." 
(**  Igneous  Bocks  of  Arklow  Head/'  Joum.  QeoL  Soc.  of  Dublin,  vol.  viii. 

p.S>.) 
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and  a  few  small  flakes  of  biotite.  Its  specific  gravity  is  2*50.  The 
felspar  gives,  by  Szab6's  method,  the  reactions  of  a  soda-orthoclase, 
and  the  rock  may  be  classed  as  fairly  with  the  sanidophyres  (or 
sanidine-felsites)  as  the  preceding  specimen  with  the  trachytes. 
The  occurrence  of  a  lava  of  this  composition  makes  one  hopeful 
as  to  the  future  discovery  of  nepheline-bearing  rooks  in  Mull. 

We  may  conclude,  then,  that  during  the  deposition  of  the  Ardtun 
gravels,  when  only  the  first  of  the  basaltic  outpourings  had  taken 
place,  a  number  of  earlier  flows  must  have  been  still  available  as 
sources  of  material.  The  chalk-downs  which  probably  then  existed, 
as  evidenced  by  the  flints  that  form  so  large  a  portion  of  certain 
beds,  were  themselves  overlain  by  the  products  of  the  central  cones, 
the  fragments  worn  from  both  the  aqueous  and  the  igneous  series 
becoming  intermingled  in  the  hill-side  streams. 

G.C. 

Externally  in  the  ravine  this  gravel  weathers  to  almost  the  colour 
of  the  Trap,  and  the  bedding  of  the  shingle  is  not  apparent ;  but  the 
dean  freshly  blasted  surfaces  showed  the  flints  dtered  to  a  pure 
white  against  the  steely  grey  colour  of  the  matrix,  which  is  here  so 
hardened  that  even  the  very  small  pebbles  break  aaross  when  it  is 
fractured. 

These  gravels  are  easily  traceable  for  the  next  120  or  130  yards 
across  the  bluff  to  the  west  of  the  ravine,  and  the  leaf-bed  can  be 
followed  for  about  half  the  distance,  though  greatly  concealed  by 
grass.  Here  there  is  another  ravine  (^g.  4),  where  the  entire 
thickness  was  reduced  to  14  feet,  the  sands  being  distinctly  bedded 
and  laminated,  and  none  of  the  pebbles  in  the  gravel  much  larger 
than  a  filbert.     Another  good  exposure  occurs  a  little  farther  west, 

Fig.  4. — Eaffposure  in  Second  Bavine^  Ardtun  Head, 


Bodelj  oolnxniuur 


^  Bedimentuy 
I      seriet. 


Amorphous 


where  the  thickness  appears  to  be  reduced  to  12  feet,  and  then  the 
sedimentary  rocks  are  almost  whoUy  concealed  by  talus  and  grass, 
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though  iheir  horizon  can  always  be  recognized.  As  they  dip  to- 
wards the  sea  the  gravels  again  become  coarser  and  are  exposed,  as 
pointed  out  to  me  by  the  Buke  of  Argyll,  for  short  distances  under 
the  Gli£P  of  rudely  columnar  basalt ;  but  no  leaves  have  been  found 
here,  and  the  series  is  obviously  thinning  out. 

About  100  feet  to  the  east  of  the  principal  ravine  the  leaf-beds  are 
again  well  exposed  in  a  path  hollowed  out  by  sheep  (fig.  5),  the  sedi- 

Fig.  5. — Section  in  face  of  cliff ,  Ardtun  Head,  100  feet  east  of  the 

Bavine, 


a,  Bafflt 


b.  Grarel. 


0.  Leaves. 


d.  Gravel. 


mentary  beds  continuing  to  increase  in  thickness  for  another  150  feet, 
when  we  reach  a  spot  where  the  Duke's  third  leaf-bed  is  beautifully 
exposed,  and  where  one  of  his  sections  was  taken  (fig.  6).  The  lowest 
bed  is  best  worked  on  the  neck  of  a  small  jutting  headland.  Under 
about  30  feet  of  gravel  (c)  we  have  the  black  crumbling  leaf-bed  (d) 
exactly  as  in  the  ravine  *,  but  not  the  whinstone ;  then  7  feet  of 
bedded  sand  (e),  extremely  indurated,  with  very  small  angular  pieces 
of  flint ;  followed  by  2  feet  of  partially  indurated  steel-grey  day  (/), 
which  readily  breaks  up  into  rectangular  parallelograms,  stained 
almost  like  tortoise-shell  at  the  partings.  Faint  impressions  of  large 
leaves  are  visible  throughout  this.  Next  we  have  6  inches  of  hard, 
somewhat  laminated,  carbonaceous  sandstone  (g),  or  rag,  with  impres- 
sions of  leaves,  the  most  perfect  being  Ginkgo ;  passing  into  3  inches 
of  the  finest-grained,  bluish  limestone,  as  fine  as  that  of  Solenhofen, 
and  with  rare,  but  extremely  beautiful  leaf-impressions.  These  are 
most  difficult  to  find,  and  when  found,  to  develop,  owing  to  the 
conchoidal  fracture  of  the  matrix.  Only  small  leaves  occur  in  it, 
by  far  the  most  abundant  being  Orewia  crenvlata^  Heer,  and  Alnites  ? 
Macquarrii^  Forbes.     This  is  followed  by  another  foot  of  peculiar 

*  It  was  quarried  for  the  Duke  at  this  spot,  but  owing  to  its  orumbling 
nature,  with  no  great  suooees. 
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steel-groy  day  (A),  at  the  base  of  which  the  most  interesting  leaf-bed 
of  all  is  met  with.  This  consists  for  an  inch  or  two  of  layer  upon 
layer  of  leaves  in  the  most  perfect  preservation,  and  retaining 
almost  the  colour  of  the  dead  leaves  themselves.  One  of  the  most 
striking,  as  well  as  most  abundant,  is  Ginkgo^  of  large  size  and 
purple  colour.  Still  more  conspicuous  is  the  large  Platanites  hehri- 
dicusy  Forbes,  one  leaf  exposed  measuring  full  Ibi^  inches  in  length 

Fig.  6. — Leaf-bed  and  Gravels  at  Ardtun.     (Scale  about  30  feet 
to  1  inch.) 


a.  Columnar  basalt,  40  feet. 

b.  Position  of  first  leaf-bed,  obscured  by  grass,  about  2  feet. 

c.  Gravel,  varying  from  about  2o  feet  to  a  maximum  of  nearly  40  feet. 

d.  Black  or  second  leaf-bed,  2i  feet. 

e.  Gravel,  about  7  feet. 
/.  Grey  Olav,  2  feet. 

ff.  6  inches  laminated  sandstone,  with  3  inches  of  fine  limestone  with  leaves 

at  base. 
h.  Clay,  with  leaves  at  base,  1  foot, 
t.   Clunch,  with  rootlets,  7  inches. 
J.   Amorphous  basalt,  becoming  columnar  at  base,  about  60  feet. 

and  10^  in  breadth.  Many  other  kinds  of  leaf  appeared  to  be 
almost  equally  fine,  and  the  characteristic  dicotyledonous  trees  of 
this  locality  possessed  at  that  period  relatively  large  foliage.  In 
the  same  bed  were  coniferous  branches  like  the  living  Taxodium 
(Glj/piostrobvuf)  heterophyllum  and  Cephalotaxus,  Unfortunately, 
every  effort  to  remove  and  preserve  these  specimens  has  failed. 
There  are  rush -like  stems,  from  1  to  3  inches  in  diameter  towards  the 
base,  but  the  beds  are  almost  destitute  of  monocotyledons,  and  no  trace 
of  Ferns  or  even  of  Equiseia  has  been  seen  in  them.  This  lowest  leaf- 
bed  passes  into  a  thin  seam  of  coal  in  one  direction,  and  rests  upon 
6  to  9  inches  of  whitish,  clunchy,  and  concretionary  clay  (t),  with 
rootlets,  and  with  softer  clay  filL'ng  in  the  rough  surface  of  the 
underlying  basalt  (j). 
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About  200  yards  to  the  east  the  sedimentary  beds  are  traversed  by 
the  descending  intmsive  basalt,  and  are  reduced  to  13  feet  in  thick- 
ness with  no  coarse  gravel ;  and  200  feet  beyond  this  they  barely 
measure  4  feet  6  inches  of  fissile  sandstone,  with  compact  shale  at  the 
base,  containing  well-preserved  examples  of  Equuetum  GamphelUif 
Forbes.  A  quarter  of  a  mile  farther  east  the  gravels  again  thicken 
to  over  20  feet,  but  the  beds  corresponding  to  the  leaf-beds  are  not 
visible,  and  could  not  be  rendered  so  without  considerable  labour. 
Their  horizon  soon  after  passes  under  the  sea-level,  and  on  its  re- 
appearance in  the  next  headland,  Budha  Dubh,  the  rudely  columnar 
basalt  rests  on  the  eroded  and  partly  decomposed  suriace  of  the 
amorphous  basalt,  without  the  slightest  trace  of  gravels  or  other 
aqueous  deposit.  Search  still  further  up  the  loch  has  been  equally 
vain. 

Inland,  however,  in  a  direction  almost  due  south  and  south-east, 
the  position  of  two  seams  of  lignite  is  indicated  on  the  sketch-map 
and  section  accompanying  the  Duke  of  Argyll's  paper,  and  he  has 
quite  recently  caused  an  excavation  to  be  made  near  Bunessan, 
which  gave  a  considerable  thickness,  without  reaching  bottom,  of 
black  shale  and  apparently  decomposed  basalt  *. 

Following  up  the  Traps  still  further  in  the  same  direction  across 
the  Ross,  we  meet  with  a  similar  series  of  beds  on  the  Carsaig  coast, 
though  with  some  important  modifications.  The  sedimentary  series 
is  fiiBt  visible  at  the  Carsaig  Arches,  where  it  consists  of  from  10  to 
12  feet  of  indurated  river-sand  f.  An  upthrust  has  displaced  and 
raised  it  almost  to  the  crown  of  the  western  arch,  but  in  the  long 
arch  it  occupies  its  tnie  position,  with  its  base  slightly  below  the  sea- 
level.  It  rises  eastward,  and  at  the  same  time  increases  rapidly  in 
thickness,  and  where  next  visible  gives  the  following  section  (fig.  7). 

In  this  section  we  have  apparently  the  same  flow  of  rudely  colum- 
nar basalt  (d),  maintaining  a  thickness  of  about  25  feet ;  then  7  or 
8  feet  of  indurated  sandy  mud  («),  passing  into  a  sand ;  and  then  a 
grit  (/)  composed  entirely  of  angular  pieces  of  broken-down  flints, 
with  occasional  boulders  of  rock  and  large  flints  at  the  base.  This 
weathers  down  to  a  slope  of  25°,  and  rests  on  a  compact  mass  9  feet 
6  inches  thick  (g%  of  almost  unrolled  flints  of  all  sizes  up  to  that  of 
a  quartern  loaf,  in  a  matrix  apparently  of  broken-down  Trap  and 
occasional  boulders  of  the  same.  Under  the  flints  there  is  2  feet  of 
impure  bedded  sand  with  indistinct  vegetable  markings  (h).  An 
exposure  a  little  nearer  the  Arches  only  differs  in  being  of  a  slightly 
finer  material,  with  a  thin  band  of  lignite  at  the  base. 

*  [This  was  taken  for  a  fire-day  when  the  diggings  were  commenced.  After 
digestmg  with  aoid  a  precipitate  of  alumina  andierrio  oxide  remained,  amount- 
ing to  dO'76  per  cent.  Some  aluminous  silicates  probably  remained  undecom> 
posed.  Under  the  microscope  it  was  seen  to  consist  of  yarious  mineral  particles, 
some  being  elear  and  colourless  felspar.  The  flaky  green  mineral  present  in 
quantity,  is  an  alteration-product,  fibres  of  it  penetrating  cipher  minerals. — G-.  0.] 

t  Sari  Gompton  (Trans.  Geol.  Soc.  vol.  v.  part  2,  p.  373)  mentions  that  the 
aroh  is  60  feet  high,  150  feet  long,  and  from  50  to  60  feet  wide,  and  o?  basalt, 
■tiiTiding  on  green  sand.  There  are  illustrations  on  the  aooompanyinff  plates  20 
and  21.  Prof.  Judd  had,  of  course,  recognised  the  fluviatile  origin  of  we  Oanaig 
grat«ls  (Quart  Joum.  Geol.  Soc  toI.  xxx.  p.  229). 

a  J.  0.8.  No.  170.  \s 


Digitized  by  LjOOQ IC 


282 


MB.  /.  8.  GABDKEB  ON  THE  LEAF-BBDS 


At  some  distance  east  the  bed  of  flints  greatly  increases,  and 
forms  a  vertical  mass  from  20  to  22  feet  thick,  composed  exclusively 
of  partly  rolled  subangular  flints  of  all  sizes  up  to  a  diameter  of  about 
6  inches,  but  mostly  not  larger  than  potatoes.  They  are  smallest 
towards  the  top,  and  are  capped  by  2  or  3  feet  of  flint  grit,  or  sand, 

Fig.  7. — Section  of  lower  part  of  Cliff  at  Mal<x)lm^s  Point,  near 
Carsaig.     (Scale  about  60  feet  to  1  inch.) 


a 


a.  Amygdaloidal  Trap. 

b.  Dense  Trap,  slightly  columnar. 

c.  Glacial  Bed. 

d.  Rudely  columnar  Trap,  26  ft.  thick. 

e.  Indurated  Mud. 
/.  Grit. 


Flint  Conglomerate. 

Sandy  with  liffnite. 

Amorphous  Trap,  partly  obscured 
by  grass,  &c. ;  the  last  half  invi- 
sible and  perhaps  a  different 
flow. 


while  underneath  is  a  conglomerate,  12  to  14  feet  thick,  of  basalt  with 
a  few  large  and  perfect  flints  and  many  angular  flint-flakes.  The 
base  of  this  series  is  60  feet  above  high  water  at  this  point,  and  no 
traces  whatever  of  it  are  seen  in  the  cli£&  further  east.    Nearly  100 


Digitized  by  LjOOQ IC 


AITD  eRAVELS  07  ABDTUN,  ETC.,  IN  MULL.  283 

feet  above  them,  however,  is  a  disturbed  bed  of  black  shale, 
resembling  that  of  Ardtan,  from  1  to  2  feet  thick,  resting  on  thin 
laminated  sand  formed  of  angular  quartz  grains,  which  can  be  traced 
for  a  considerable  distance,  without,  however,  containing  any  plant- 
impressions.  The  beds  rise  very  rapidly,  and  this  shale  is  soon  310 
feet  above  the  beach,  whilst  about  a  quarter  of  a  mile  further  on  the 
top  of  the  sandstone  regarded  as  Cretaceous  suddenly  appears  *, 
220  feet  above  high  water,  thus  occupying  the  horizon  at  which  we 
might  have  looked  for  a  continuance  of  the  flint  gravels  t. 

The  headland  of  Burgh  rivals  the  Innimore  of  Carsaig  in  grandeur 
of  scenery,  its  cliffs  even  surpassing  the  latter  in  height,  and  forming 
an  almost  vertical  escarpment  of  Traps,  which  for  some  distance 
exceeds  a  thousand  feet  in  depth.  It  presents  the  usual  alternations 
of  columnar  and  amorphous,  amygdaloidal  and  rudely  columnar 
flows,  with  intrusive  sheets  of  dense  Traps  with  starch-like  jointing. 

At  the  base  there  appears  to  be  an  extensive  ash-bed,  and 
directly  over  this  columnar  basalt,  on  the  same  horizon  and  probably 
the  same  flow  as  that  of  Ardtun  and  Staffa ;  above  this  is  a  bed 
of  dark,  loamy,  unf  ossilif  erous  sand,  marking  apparently  the  horizon 
of  the  leaf- beds  J.  This  is  3  or  4  feet  thick,  and  includes  clays,  in 
places,  with  vegetable  matter.  Above  the  leaf-bed  horizon  is  rudely 
columnar  basalt  as  at  Ardtun  and  Carsaig ;  then  amorphous  trap 
with  a  few  indudeil  flints  and  other  stones  ;  and  then  a  massive 
flow  of  Trap,  over  70  feet  in  depth.  Above  this,  again,  are  several 
hundred  feet  of  Traps,  without  any  ash-beds,  which  latter  do  not 

*  [Composed  of  quartz  grains,  for  the  mo«t  part  yery  angular. — G.  C] 
t  In  the  absence  of  proper  horizontal  meosuremeots,  which  I  did  not  at  the  time 
realize  were  so  important,  it  is  impossible  to  ascertain  the  true  dip;  but 
assuming  the  extreme  points  mentioned  to  be  half  a  mile  apart,  roughly 
plotted,  it  appears  not  much  less  than  6°  or  6®.  The  beds,  whether  yiewed  from 
the  sea  or  the  shore,  do  not  indicate  to  the  eye  such  a  dip,  and  the  horizontal 
terradng  of  the  cliff  on  the  landward  side  equally  negatives  it  If  the  dip 
does  exist,  the  base  of  the  flint  grayels  would  be  nearly  150  feet  above  the  top 
of  the  Cretaceous  Sandstone.  A  much  more  accurate  description  of  the  Carsaig 
section  is  needed,  for  it  abounds  in  interest  Among  the  more  striking  objects 
in  the  yolcanio  rocks  is  a  layer  or,  more  probably,  the  fiUing-in  of  a  wide 
fissure,  consisting  of  mat  angular  blocks  of  quartz  and  quartzite,  the  larger  of 
which  must  weigh  at  feast  a  ton,  and  perhaps  even  several  tons.  Mr.  Cole  and  I 
first  saw  it  on  the  sea-level  some  distance  west  of  the  Arches,  where  it  looked  like 
■n  Archean  conglomerate ;  but  as  it  reappears  high  up  the  cliffs  to  the  east,  and 
can  there  be  seen  filling  crevices  in  the  baaalt,  it  is  clearly  of  later  date.  A  small 
dyke  not  far  distant  has  exactly  the  appearance  of  bedded  sandstone.  Behind 
Bemn  an  Aoinidh,  at  about  700  feet  elevation,  there  is  a  considejrable  quantity 
of  lignite,  and  a  hundred  feet  lower,  graphite  is  said  to  occur  in  the  bed  of  a 
stream,  though  when  I  visited  the  spot,  properly  guided,  we  failed  to  find  any. 
I  A  large  trunk  of  a  coniferous  tree,  5  feet  in  diameter,  perhap  Podocarpus, 
has  bfen  enveloped,  as  it  stood,  in  one  of  the  flows  of  Trap  to  the  height  of  40  feet 
Its  solidity  and  girth  evidently  enabled  it  to  resist  the  fire,  but  it  had  decayed 
before  the  next  flow  passed  over  it,  for  its  trunk  is  a  hollow  cj'linder  filled  with 
debris  and  lined  with  the  charred  wood.  A  limb  of  another,  or  perhaps  the 
same,  tree  is  in  a  fissure  not  far  off.  Maccullo<'h,  who  was  certainly  a  most  keen 
observer,  did  not  overlook  this  tree,  which  he  described  in  1819  in  his  *  Western 
Isles  of  Scotland,'  vol.  i.  p.  368,  pi.  xxi.  fig.  1.  The  trunk  was  thought  to  be  in 
a  Tein  of  conglomerated  fragments  of  Trap  imbedded  in  a  paste  of  the  same. 
He  bad  also  asoertained  the  wood  to  be  oomferous. 

V2 
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appear  until  an  elevation  of  nearly  1000  feet  is  reached,  and  then 
only  in  thin  beds.  A  little  to  the  north  a  thin  seam  of  coal  with 
some  sand  crops  out  at  250  feet  above  sea-level,  which  latter  about 
corresponds  with  the  base  of  the  Traps  at  this  point.  The  Wilderness 
commences  somewhere  here,  and  within  200  or  300  yards  is  a  singular 
outcrop  of  chalk  rubble  or  remaniS  chalk  and  flint,  at  an  elevation  of 
100  feet  above  the  shore.  The  larger  mass  measures  19  feet  5  inches 
across,  and  is  12  feet  9  inches  high ;  and  the  smaller  one,  a  little  to 
one  side  and  slightly  below  the  other,  is  1 7  feet  8  inches  along  the 
base,  and  8  feet  9  inches  high.  TTiey  are  chiefly  composed  of 
nearly  white,  broken-up  flints,  in  a  matrix  of  chalk,  but  disposed  as 
in  pudding-stone,  without  the  least  trace  of  bedding.  There  is 
nothing  visible  under  this  except  iron-stained  rubble  and  basalt 
talus.  1  have  seen  no  other  chalk  on  this  part  of  the  coast,  and 
this  is  certainly  not  in  situ,  but  as  much  a  redeposited  mass  as  the 
flint  gravel  of  Carsaig.  A  little  to  the  north  of  this  we  And  the  base 
of  a  cherty  greensand  in  situ^  but  its  thickness  is  not  ascertainable. 
Immediately  beneath  this  is  lias,  16  feet  thick,  formed  of  alter- 
nating clay  and  limestone  bandi,  the  latter  with  Lima  and  Pecten, 
Mr.  Etheridge  agrees  with  me  in  considering  that  this  is  a  repre- 
sentative of  the  Lower  Lias.  Under  this,  again,  is  a  bed  of  sand- 
stone with  green  grains,  which  the  bedding  shows  to  be  of  marine 
origin,  though  it  is  unfossiliferous.  Only  a  thickness  of  15  feet  is 
visible  on  the  shore.  Everything  is  unfortunately  obscured  by  talus 
for  a  little  distance  wes  inward,  but  the  sands  soon  reappear  with 
pebbles  in  them,  forming  a  conglomerate  precisely  similar  to  that  of 
Gribun,  except  that  the  materials  are  finer  and  more  scattered. 

This  is  interesting  as  showing  that  not  only  the  red  conglomerates 
of  Gribun  and  Inch  Kenneth,  invisible  here,  but  also  the  similar 
conglomerate  with  green  grains  above  them,  are  of  pre-Liassic  age. 
This  interpretation,  which  is  the  more  natural  one,  deprives  Inch 
Kenneth  of  any  trace  of  Cretaceous  deposits.  Returning  to  the 
Wilderness,  the  gneiss  now  rises  above  the  sea-level  at  a  high  angle, 
and  gra(^ually  becomes  higher  and  higher,  until  it  exceeds  200  feet 
at  Coireachan  Gorma,  where  it  forms  the  entire  undercliff.  The 
remainder  of  the  section  as  far  as  Gribun  I  have  only  examined 
from  a  boat ;  but  at  the  latter  locality  there  is,  as  observed  by  Judd, 
unmistakable  Upper  Greensand  over  the  Poikilitic  conglomerate  and 
marl,  but,  so  far  as  I  could  discover,  still  no  trace  of  Chalk.  The 
Isle  of  Erisgeir,  rather  over  two  miles  from  the  shore,  is  of  gneiss ; 
and  Inch  Kenneth  is  of  gneiss  and  Poikilitic  conglomerate. 

Finding  the  Ardtun  river-deposits  so  feebly  represented  on  the 
opposite  shore  of  Torosay,  less  than  2  miles  to  the  N.E.,  and  the 
presence  of  an  eleva  Jed  tract  of  Palasozoic  and  Secondary  rocks  there, 
I  examined  the  traps  running  almost  due  east  and  west,  along  a 
line  12  or  13  miles  long,  embracing  the  north  shore  of  Loch  na  Kael, 
and  the  Isles  of  Eorsa,  Ulva,  and  Gometra.  The  Traps  on  the  further 
side  of  the  tract  or  ridge  of  Palteozoic  rocks  alluded  to  would  appear 
to  be  the  result  of  distinct  flows,  as  on  that  side  we  find  the  lower 
levels  occupied  by  rudely  columnar  and  amygdaloidal  basalts,  instead 
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of  the  columnar  flows  hitherto  seen.  The  lowest  beds  of  amygda- 
loidal  baoalt  at  Burgh  or  Carsaig  are  in  fact  quite  300  feet  from 
the  base.  The  flows  are  also  thickened  and  irregular  on  the  shore 
opposite  Ulva  and  in  Eorsa,  as  if  they  had  been  piled  up  against  the 
ridge,  and  they  only  become  regular  in  Ulva  itself  and  Gometra. 
Further,  the  ridge  together  with  some  of  the  flrst  flows  of  Trap 
must  have  formed  a  lake-basin,  for  from  the  shore  of  Loch  Tuath  to 
that  of  Loch  na  Eael,  a  distance  of  over  2  miles,  there  are  beds  of 
bole  and  lithomarge,  at  least  a  dozen  feet  thick  and  pisolitic  in 
places,  cropping  out  among  the  basalts  at  heights  of  100  feet  or  lesa 
above  the  sea.  The  beds  are  continuous  and  distinctly  laminated, 
and  the  glacial  beds  over  them  are  full  of  their  fragments.  These 
must  have  been  formed  in  a  small  lake-basin ;  but  I  saw  no  trace  of 
any  gravels  except  the  glacial  beds,  which  everywhere  cHng  to  the 
sea^slopes,  nor  any  beds  which  presented  evidence  of  a  fluviatile 
origin.  The  course  of  the  Ardtun  river  was  therefore  dearly  not  in 
this  direction,  and  must  have  been  to  the  south  of  Gometra.  I  was 
tmable  to  explore  the  basalts  round  the  north-west  coast  of  Mull, 
but  do  not  anticipate  that  any  important  beds  of  sedimentary  origin 
would  be  met  with. 

Before  leaving  the  district,  however,  I  visited  the  sections  on 
Loch  Aline  referred  to  by  Prof.  Judd  (Q.  J.  G.  S.  vol.  xxxiv.  p.  734), 
where  it  seemed  possible  that  plant-remains  might  be  discovered. 
That  part  of  the  section  between  the  gneiss  and  the  columnar  trap 
at  Beinn  nah  Uamha  (Beinn  y  Hun,  Z.  c.)  was  everywhere  obscured 
by  tahis ;  but  the  section  at  the  south-east  angle  of  Beinn  ladain  was 
visible  and  substantially  as  described  by  Judd,  except  that  the 
"  Chalk,"  as  at  the  Wilderness  by  Burgh,  is  not  bedded,  but  remaniS 
flints  and  chalk  rubble  only  4  feet  thick.  It  does  not  appear  to  my 
mind  to  be  sufficient  to  furnish  absolutely  convincing  evidence  that 
the  sands  beneath  are  of  Cretaceous  age ;  but  it  is  a  question  foreign 
to  our  immediate  subject  and  one  which  requires  further  investiga- 
tion. 

Though  it  is  quite  obvious  that  the  sedimentary  beds  at  Ardtun,  no 
less  than  at  Carsaig,  are  the  ordinary  gravels  and  muds  of  a  river- 
channel,  important  differences  between  them  become  apparent  when 
they  are  compared.  At  Carsaig  their  fluviatile  character  was  at 
once  recognized  by  Prof.  Judd ;  but  those  at  Ardtun  were  believed 
by  such  experienced  observers  as  Sir  C.  Lyell,  Mr.  Smith  of  Jordan 
Hill,  and  the  Duke  of  Argyll  to  have  had  a  volcanic  origin.  The 
examination  which  led  to  this  condusion  was  made,  however,  in  a 
ravine  where  they  appear  to  have  been  greatly  affected  by  the 
passage  of  a  dyke,  and  where  their  peculiar  weathering  and  dark 
colour  give  them  a  truly  volcanic  aspect.  On  the  sea  front  the 
current-bedding  is  as  plain  as  in  the  river-gravels  of  England,  and 
the  block  exhibited  to  the  Society  suffices  to  remove  any  doubt  as  to 
their  true  nature.  At  Carsaig  we  flnd  a  conglomerate  of  boulders  of 
Trap  and  large  flints  resting  directly  on  a  Trap  floor  in  one  part  of  the 
section,  flanked  on  the  west  by  silts,  and  overlain  by  a  vast  mass  of 
Bubangular  flints  of  all  sizes,  scarcely  even  roughly  sorted,  the  whole 
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being  covered  and  overlapped  by  pure  flint  sand.  Such  an  arrange- 
ment of  material  might  have  resulted  from  a  mountain-stream  of 
velocity  sufficient  to  move  rooks  of  relatively  large  size  along  its 
bed,  giving  place  through  changed  gradient  to  a  current  not  exceeding 
5  or  6  feet  per  second,  and  no  longer  cutting  away  the  basalts. 
Further  depression  seems  to  have  converted  it  into  a  smoothly 
flowing  river,  with  a  current  only  capable  of  transporting  grit  and 
sand.  The  greatest  width  occupied  by  its  bed  does  not  appear  to 
have  exceeded  a  mile  in  this  part  of  its  course.  The  peculiarity  of 
these  gravels  and  sands  is  that  they  seem  composed  exclusively  of 
angular  fragments  of  flint  derived  from  Chalk,  without  any  other 
foreign  substance.  We  may  infer  from  this  that  the  Tertiary  Traps 
had  no  great  extension  southward,  and  I  believe,  in  spite  of  their 
great  thickness,  that  their  present  limits  on  that  side  coincide 
somewhat  with  their  original  confines.  A  considerable  tract  of  hilly 
country  must  have  been  covered  with  Chalk. 

At  Ardtun  the  coarsest  gravels  are  much  finer  than  any  gravel  at 
Carsaig,  and  unlike  the  latter  their  small  pebbles  are  imbedded  in 
sand.  The  velocity  of  the  currents  which  deposited  them,  even  in 
the  swiftest  channels,  must  have  been  under  3  feet  per  second, 
while  there  wore  currentless  backwaters  depositing  ooze  or  fine  silt 
into  which  leaves  of  forest  trees  were  eddied  and  sank.  An  increase 
in  the  volume  of  water  ensued ;  for  not  only  are  the  higher  gravels 
more  massive  and  of  coarser  material,  but  all  backwaters  and  slow 
currents  disappear,  and  the  whole  river-bed  seems  to  have  been 
occupied  by  swiftly  moving  waters.  The  transverse  section  through 
the  gravels  is  not  less  than  a  mile,  probably  a  mile  and  a  half  long ; 
and  though  the  section  may  be  oblique,  increasing  the  apparent 
width,  the  position  of  the  lignites,  &c.,  towards  Bunessan  and  the 
Carsaig  section,  shows  that  the  actual  width  was  not  far  short  of 
this. 

The  river  may  not  have  occupied  the  entire  bed  at  any  one  time, 
but  it  was  evidently  one  of  magnitude  when  a  renewed  volcanic 
outburst  filled  in  its  bed  with  a  massive  flow  of  trap.  It  is  interesting 
to  remember  that  Prof.  Geikie  recognized  the  course  of  another  of 
these  Tertiary  rivers  in  the  Scur  of  Eigg,  coming  from  a  northern 
direction  (Q.  J.  G.  8.  vol.  xxvii.  p.  309),  while  the  interbasaltic 
sedimentary  beds  of  Antrim  furnish  examples  of  still  more  con- 
siderable rivers  flowing  in  the  same  direction. 

Besides  the  difference  in  their  coarseness,  the  gravels  of  Ardtun 
are  distinguished  from  those  of  Carsaig  by  a  large  mixture  of  rolled 
pebbles  of  volcanic  rocks,  which  may  have  come  from  the  direc- 
tion of  Beumoro,  showing  the  influx  of  a  tributary  stream  from  a 
region  of  acid  eruptions  which  had  not  been  overwhelmed  by  the 
Traps.  The  central  region  of  Mull  ai)j)ears  to  me  in  fact  to  have 
remained  elevated  during  the  Eocene,  while  the  Traps  were  piled 
round  its  sides  to  a  depth  of  2000  feet  *.     A  restoration  of  the 

*  This  opinion  is  partly  based  on  a  careful  surrey  of  Beinn  k  Ghraig,  a  ridge 
of  syenite  between  Benmore  and  Locb  Ba,  reaching  a  height  of  1939  feet.  The 
original  mass  is  trayersed  obliquely  by  three  gigantic  dykes  of  felstone  of  slightly 
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oontoon  about  the  riyer-gravels  shows  high  ground  to  the  south 
and  east^  coinciding  with  the  boundaries  of  the  Traps,  with  the  river- 
channel  roughly  following  the  present  outcrop  of  PalsBozoic  rocks  in 
the  Boss  *.  A  spur  of  gneiss  from  Benmore,  represented  by  the 
gneiss  of  Gribun,  Erisgeir,  and  Inch  Kenneth,  directed  its  course 
westward,  and  we  have  seen  that  there  is  but  a  slight  trace  of  it  along 
the  shore  of  Torosay.  The  actual  river-bed  is  traceable  for  a  little 
over  9  miles,  and  it  ran  in  a  north-west  direction.  There  is  but  little 
hope  of  tracing  it  further  in  this  area,  unless  fragments  of  its  bed 
should  by  chance  be  preserved  in  the  Isles  of  Bac  Mor,  the  Dutch- 
man's Gap,  or  in  Lunga.  I  succeeded  in  getting  near  enough  to  the 
latter  to  see  that  there,  at  least,  this  is  improbable,  but  continued  high 
and  adverse  winds  frustrated  my  efforts  to  reach  the  former.  When 
we  consider,  however,  that  the  preservation  of  Ardtun  itself  is  mainly 
due  to  the  accident  that  an  intrusive  sheet  of  great  hardness  runs 
through  it  and  buttresses  it  at  both  ends,  and  that  the  presence  of 
gravels  would  be  a  source  of  weakness  and  facilitate  diBintegration, 
we  see  that  it  is  far  more  likely  that  its  course  is  now  under  the 
sea  than  in  the  few  islets  that  still  remain  above  water.     Indeed  the 

different  quality,  one  in  the  centre  and  one  at  either  end,  in  a  direction  almost 
parallel  to  the  Sound  of  MuU.  [That  at  the  southern  end,  though  provisionally 
called  by  the  field-term  of  "  felstone,**  is  a  hard,  comnaot,  black  rock,  weathering 
with  a  smooth  white  crust ;  under  the  microscope  it  snows  a  fine-drained  matrix 
with  porphyritie  augites,  and  what  appear  to  be  numerous  inclusions  of  another 
rock.  Its  specific  gravity  is  as  high  as  2'90. — Gt.  0.]  It  is  probable  that  the 
syenite  would  long  since  have  crumbled  away  but  for  the  protection  of  the 
dykes,  which  weather  slowly  and  act  as  supports.  The  mountain  on  the  opposite 
side  of  Loch  Ba  is  of  precisely  similar  structure ;  but  I  omitted  to  state  that 
there  is  in  the  first  also  a  smiul  dyke  of  gabbro  and  one  of  dolerite  traversing 
the  syenite.  It  seems  likely  that  the  crater  of  which  Benmore  is  a  fragment 
was  formed  at  a  later  date,  and  after  the  Trap  eruptions  had  ceased.  So  far  as 
I  could  make  out  from  this  particular  section,  the  syenite  or  granite  region 
may  have  been  a  duster  of  mils  altogether  outside  any  crater,  and  the  felstone 
dykes  may  belong  to  any  period  antecedent  to  the  Tertiary.  It  is  impossible  to 
say  whether  the  Ross-of-MuU  granite,  which  is  red,  is  in  any  way  connected 
with  the  syenite  of  Benmore,  but  there  are  boulders  of  a  grey  granite  lying 
about,  which  seems,  in  some  respects,  intermediate  between  them.  The  Boss-nf^ 
Hull  granite  is  perhaps  not  far  off  at  a  low  level  and  may  be  concealed  by  talus 
or  vegetation;  tor  the  whole  district  as  well  as  the  shores  of  all  the  Lochs  and 
of  Ulva  and  Morvem  are  strewn  with  fragments  of  it.  To  suppose  that  this 
was  carried  by  ice  from  the  low  ground  of  the  Boss  to  the  south-west  during  the 
Glacial  period  involves  physical  difficulty,  while  in  that  case  it  must  have  been 
aooompanied  by  blocks  of  tne  intervening  gneiss,  which  does  not  appear  to  me 
to  be  Uie  case. 

*  It  is  a  question  whether  the  line  of  junction  between  the  Traps  and  gneiss, 
weet  of  Bunessan,  is  marked  by  a  fault.  At  Ardtun  we  are  close  to  the  base  of 
the  IVaps.  On  the  coast,  6  miles  due  west  of  Oarsaig,  the  actual  junction  shows 
the  basalt  with  slightly  upturned  edge  against  the  gneiss,  which  is  perfectly 
riddled  by  small  veins  There  are  no  intervening  secondary  beds  as  shown  in 
Maocolloch's  section.  The  manner  in  which  the  edffeof  the  gneiss  is  penetrated 
by  the  Trap  appears  an  argument  against  a  fault,  and  we  everywhere  see 
evidence  that  the  secondary  strata  were  not  only  very  locally  and  unequally 
deposited  in  this  area,  but  that  only  patches  of  them  remained  at  the  time  of 
the  first  Trappean  eruptions.  A  downthrow  of  from  100  to  200  feet  would  in 
any  case  bury  their  entire  thickness,  and  a  fault  of  1000  feet  is  unnecessary  for 
the  purpose. 


Digitized  by  LjOOQ IC  - 


288  HB«  /•  S«  GABDNBB  OH  THE  LBAF-BKJMI 

low  lands  which  fhe  river  must  have  sought  would  inevitably  have 
sunk  under  the  enormous  weight  of  Trap  poured  out  upon  them ;  and 
in  this  area  at  least  it  is  higMy  probable  that  we  have  little  more 
accessible  to  us  than  the  flows  which  dung  to  the  flanks  of  the 
hills. 

The  Flora  of  the  Ardtun  Leaf-^beds. 

Considerable  collections  from  these  beds  were  made  some  35  years 
since  and  were  deposited  in  the  Museum  at  Jermyn  Street  and  at 
Inverary.  About  five  years  ago  Mr.  Koch  made  a  large  collection, 
which  he  presented  to  the  University  Museum  at  Glasgow.  No 
specimen  was  to  be  found  in  the  British  Museum  or  in  the  Edinbui^h 
Museum,  and  the  flora  was  equally  unrepresented  in  even  the  most 
complete  of  our  University  and  great  provincial  museums.  The 
collections  that  did  exist  were  from  the  beds  shown  in  figure  3,  and 
the  bed  marked  d  in  figure  6,  the  matrix,  in  most  cases,  being  a 
crumbling  black  shale,  in  some  a  hard  grey  rook ;  and  the  specimens 
of  leaves  were,  with  few  exceptions,  of  a  fragmentary  description. 
I  first  endeavoured  to  supplement  these  in  1883  and  1884,  but  it 
was  not  until  1885  that  regular  quarrying  operations  were  under- 
taken, with  the  result  that  large  and  perfect  specimens  of  the  chief 
types  have  been  procured  in  abundance,  and  are  now  in  the  British 
Museum.  One  specimen  in  particular,  nearly  a  yard  in  extent, 
shows  several  forms  of  Flatanites  and  fronds  of  Onoclea  in  perfect 
preservation.  Whilst  collecting  these,  I  excavated  the  beds  marked 
/  to  i  in  %^,  6,  which,  though  apparently  observed  by  the  Duke  of 
Argyll,  were  at  that  time  regarded  as  inaccessible.  The  layer  g  is 
a  limestone  as  finely  grained  as  that  at  Solenhofen,  and  contains 
impressions  of  leaves  as  beautiful  as  can  be  imagined,  though  it  is 
unfortunately  refractory  .and  breaks  with  a  conchoidal  fracture, 
which  baffles  the  search  for  fossils  in  it  unless  extreme  care  is  used. 
Even  when  found,  the  absence  of  cleavage-planes  makes  it  difficult 
and  tedious  to  expose  them.  On  the  other  hand,  square  yards  at  a 
time  may  be  exposed  of  the  underlying  pale  grey  day,  completely 
covered  with  magnificent-looking  leaves,  preserving  the  colours 
proper  to  them  when  they  sank  waterlogged  in  the  stream ;  but 
here  disappointment  attends  every  attempt  to  remove  them,  for  the 
day  instantly  breaks  up  into  pieces  a  littie  bi^;er  than  dice,  and 
continues  to  crumble.  The  mere  sight  of  such  masses  of  leaves  is 
most  instructive,  and  from  notes  taken  on  the  spot  I  am  able  to 
speak  of  the  relative  abundance  of  species,  their  variation,  colour, 
and  the  maximum  sizes  attained  by  them.  1  also  ascertained  by 
this  means  that  our  knowledge  of  the  flora  is  still  relatively  very 
imperfect.  We  are,  however,  now  in  possession  of  a  large  number  of 
specimens,  espedally  from  the  limestone,  the  nature  of  which  I  have 
endeavoured  to  convey  in  the  accompanying  Plates  (Pis.  XIII.- 
XYl.),  in  which  only  those  of  moderate  size  could  be  included. 

The  beds  share  a  peculiarity  possessed  by  most  of  the  Eocene 
plant-beds  in  England,  namdy  the  absence  of  traces  of  aquatic  life. 
It  is  difficult  to  come  to  any  condusion  regarding  the  cause  of  this ; 
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for  we  can  hardly  suppose  that  bodies  of  water  so  considerable  as 
those  which  deposited  these,  or  the  Beading  or  Bournemouth  beds, 
were  destitute  of  £bh  and  molluscous  and  insect  life.  Of  the  latter, 
in  its  terrestrial  form,  we  have,  as  usual,  scanty  traces.  The  most 
interesting  is  a  detached  wing  in  which  the  neuration  and  colouring 
are  beautifully  preserved,  and  which  appears  to  be  in  all  probability 
the  hind  wing  of  a  Cercopid  of  an  extinct  type  (PI.  XIII.  fig.  9). 
Fig.  8  shows  part  of  the  wing-case  of  a  beetle  which  has  adObered 
to  the  matrix  so  that  only  the  inner  side  is  visible.  One  or  two 
smaller  elytra  have  been  found  in  the  black  shale. 

Only  one  species  of  Fern  is  known,  Onoclea  (Filicites)  hebruJica^ 
Forbes,  of  which  specimens  have  now  been  discovered,  showing  that 
the  barren  fronds  were  larger  and  on  a  stout  rachis,  and  also  exhibit- 
ing the  fertile  fronds  which  had  not  previously  been  met  with  *.  The 
only  other  vascular  Cryptogam  in  the  flora  is  Equuetwm  Camphellii, 
Forbes,  but  both  this  and  the  Onoclea  are  undistinguishable  from 
living  species.  There  are  also  but  few  indications  of  cellular  fungi 
on  the  leaves,  and  I  am  inclined  to  look  upon  this  as  one  among 
many  indications  of  relative  antiquity. 

Among  Gymnosperms  the  Ginkgo  is  by  far  the  most  abundant, 
and  its  leaves  form  a  considerable  proportion  of  those  seen  in  the 
clays.  Podocarpvs  CarnpheUt,  J.  S.  Gardn.,  comes  next,  and  is  inter- 
esting as  being  so  far  the  most  northerly  representative  of  the  genus, 
either  living  or  fossil.  A  third  is  Taxus  CampheUi,  Forbes,  a  Yew 
strongly  resembling  Ta^ams  adpressa  of  Japan  f.  Fig.  1,  PI.  XIII., 
represents  foliage  more  nearly  approaching  specimens  from  Atano- 
kerdluk,  in  Greenland,  determined  as  Sequoia  Langsdorfii  by  Heer ; 
and  fig.  2  would  appear  to  belong  to  his  Glyptostrobus  europceus. 
Fig.  3  shows  a  small  fruiting  branch,  which  indicates  the  presence 
of  a  second  species  of  Podocarpus,  with  short  falcate  leaves  arranged 
spirally,  and  small  berries,  scarcely  exceeding  the  eighth  of  an  inch 
in  diameter,  borne  in  small  terminal  clusters.  The  foliage  is  not 
uncommon  in  the  black  shales ;  and  in  the  absence  of  any  evidence 
regarding  the  fruit,  I  had  provisionally  placed  it  with  the  BaJly- 
palady  Cryptomeria,  which  it  very  strongly  resembles.  The  occur- 
rence of  this  beautifully  preserved  twig  in  the  white  limestone,  still 
retaining  its  shining  black  berries,  is  one  of  those  fortunate .  cir- 
cumstances which  encourage  the  collector  of  fossil  plants  to  per- 
severe, even  when  the  collection  of  leaf-forms  from  a  bed  seems  to 
be  well-nigh  complete.  I  can  find  nothing  nearer  among  the  living 
Podocarps  than  F.  cupressina,  B.  Brown,  from  the  Philippines  and 
Java. 

There  are  no  Monocotyledons  beyond  a  liliaceous-looking  leaf  and 
a  few  reed-like  stems. 

The  Dicotyledons  are  abundant,  and  the  collections  include  more 
than  thirty  distinct  species,  most  of  them  so  adequately  represented 
that  the  range  of  variation  in  the  leaf  is  practically  ascertained. 
Foremost  among  them  is  the  splendid  form  Platanites  hebridicus^ 

*  Joom.  Linn.  See,  Bet  toL  xxL  pi.  zxvL 

t  "  Eocene  Flora/'  J.  S.  Qardner,  Monogr.  Pal.  Soo.  vol.  ii.  1884  and  1885. 
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Forbes,  the  leaves  of  which  attained  the  large  size  of  15  inches, 
measured  from  base  to  tip.  The  variation  in  shape  among  them  is 
very  great,  and  might  give  rise  to  numbers  of  species,  for  the  forms 
of  the  lobes  and  the  serration  differ  so  widely  that  mere  fragments 
could  hardly  be  identified.  The  external  resemblance  of  the  leaf  to 
Platanus  is  very  superficial,  and  Prof.  Forbes's  determination  was 
confessedly  a  mere  guess,  for  the  fragments  he  had  to  deal  with  bore 
at  least  an  equal  resemblance  to  the  leaves  of  many  other  kinds  of 
plants;  but  in  1885  whole  slabs  of  limestone  were  found  to  be 
covered  with  innumerable  minute  seed-like  bodies  (PL  XIII.  fig.  14a, 
magnified);  and  in  other. cases  clusters  of  small  globular  catkins  were 
found  (PL  XIII.  fig.  15).  Last  year  the  specimens  figs.  13  &  14, 
showing  the  catkins  in  the  act  of  breaking  up,  supplemented  these 
and  proved  them  to  belong  to  the  same  plant.  The  small  bodies  were 
recognized  immediately,  and  quite  independently,  by  Mr.  Carruthers 
and  Prof.  Oliver,  as  the  anthers  of  a  Platanus.  We  thus  find  the 
male  flowers  in  enormous  abundance ;  but  fig.  12  represents  the  only 
object  resembling  the  female,  a  fact  the  more  singular  as  it  is  pre- 
cisely reversed  at  Beading,  where  leaves  of  Platanus  also  abound. 
The  leaves  occur  in  great  profusion,  especially  in  some  of  the  layers 
of  black  shale.  They  have  been  collected  at  Atanekerdluk,  but  of 
much  smaller  size,  by  Whymper,  Colomb,  and  others,  and  being 
wholly  different  from  any  Miocene  form,  should  bear  the  name  given 
by  Forbes.  Another  very  fine  and  undescribed  form  occurs  in  the 
Limestone ;  and  a  rarer  leaf  in  the  black  shale  which  is  common  at 
Atanekerdluk,  and  has  been  called  Quercus  platania^  and  apparently 
also  Pterospermites  spectabilis  and  P.  altemanSy  by  Heer.  Among 
the  large  leaves  in  the  clays,  seen  but  not  collected,  appeared  to  be 
forms  like  those  described  from  Atanekerdluk  as  Vthumnm  muUi- 
nerve,  Alnus  Kefersteini,  Magnolia  Inglejieldi,  &c.,  from  Greenland, 
but  of  relatively  much  larger  size. 

The  only  other  lobed  leaf  in  the  flora  is  the  Acer-looking  leaf 
(PL  XIV.  fig.  1),  of  which  the  smallest  and  most  exquisitely  preserved 
specimen  is  figured.  There  is  nothing  resembling  the  Liquidambar  or 
Sassafras  found  in  the  Atanekerdluk  level  of  similar  age. 

Among  the  ovate-serrate  leaves,  that  called  Corylus  Macquarrii  by 
Heer,  PL  XV.  fig.  3,  is  the  most  striking,  and  occurs  most  commonly 
in  the  Limestone.  It  is  of  a  dark  brown  colour,  and  certainly  resem- 
bles the  hazel  in  a  striking  degree.  Thin  pellicles  occur,  PL  XIII. 
figs.  5,  6,  10,  in  the  same  beds,  with  parallel  and  forking  venation, 
which  might  be  fragments  of  the  husk ;  but  the  total  absence  every- 
where in  the  Eocene  of  anything  like  nuts,  and  their  abundance  in 
the  Pliocene,  renders  it  difficult  to  believe  that  the  genus  Corylus 
was  actually  in  existence  during  early  Tertiary  periods.  The  leaf 
form  recurs  in  many  genera,  and  we  must  probably  look  elsewhere 
for  an  acceptable  determination.  The  same  doubt,  and  for  the 
same  reasons,  extends  to  all  the  determinations  of  GupulifercR  from 
the  older  Tertiaries,  except  the  Betulecp,  and  also  to  those  of  the 
JuglandetB,  The  Corylus-Viko  leaf  is  found  very  commonly  at 
Atanekerdluk,  and  the  species  might  be  known  provisionally  as 
Corylites  Macquarrii. 
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A  new  and  very  rare  leaf  at  Mull  is  perhaps  identical  with  the 
Querctu  ffrcadandiM,  Heer,  from  Atanekerdluk,  Bome  of  the  speci- 
mens of  which  seem,  however,  to  have  been  placed  in  Castanea 
Ungeri  by  that  author,  though  they  do  not  resemble  the  Miocene 
Chestnuts  of  either  Europe  or  America.  The  specimen  is  illustrated, 
PI.  XIY.  fig.  2,  and  the  species  I  would  suggest  should  for  the  present 
bear  the  name  of  Quereites  gromUindicus.  There  is  another  very  fine 
Castanea-^e  leaf  in  the  Hmestone,  which  is  too  large  to  illustrate. 
We  also  appear  to  have  forms  identical  with  those  erroneously 
described  as  Alnus  nostratus,  Viburnum  Whymperi,  and  Carpintis 
ffrandisy  together  with  the  forms  figured,  PL  XIV.  fig.  3,  PI.  XV. 
fig.  2,  and  PI.  XVI.  fig.  1,  which  as  yet  seem  peculiar. 

Among  the  leaves  with  highly  characteristic  venation  are  the 
Zisyphaa  hyperboreus  or  Paliurus  hcrealis  of  Heer,  both  of  which 
belong  probably  to  the  same  species,  Populus  Richardsoni  and  P. 
aretieay  which  dso  seem  to  be  undistinguishable,  and  Corniis  hyper- 
horea.  Perhaps  the  most  beautiful  and  distinctive  leaf-form,  how- 
ever, in  the  whole  flora  is  the  exquisitely  marked  leaf  with  triple 
midrib  and  crenated  margin  shown  on  PL  XV.  fig.  1.  The  colour  on 
the  face  is  pure  white,  with  veins  black,  but  on  the  back  the  whole 
leaf  is  plum-colour.  These  strongly  marked  characters  seem  to 
justify  us  in  regarding  it  as  a  species  of  Bahmena^  of  the  Urticeffi, 
and  may  even  serve  to  identify  it  with  an  existing  species  of 
Japan.     I  propose  for  this  species  the  name  of  Bcehmeria  antiqtia. 

There  are,  in  addition  to  these,  a  number  of  simple  ovate  leaves 
resembling  those  of  the  Bay  and  Laurel,  &c.,  PL  XVI.  figs.  2, 3, 6,  as 
well  as  the  BJiamnites  of  Forbes ;  but  it  seems  scarcely  probable  that 
any  of  these  are  capable  of  generic  identification  from  the  leaves  alone. 

The  fiora  is  distinguished,  like  all  those  of  early  Eocene  and 
Cretaceous  age,  by  the  absence  of  the  so-called  Cinnamon-leaves 
and  the  Smilacece,  which  always  enter  into  the  composition  of 
Middle  Eocene  and  Oligocene  floras  rather  largely.  There  is,  in 
fact,  not  one  type  characteristic  of  the  Middle  Eocene,  Oligocene,  or 
Miocene  in  England  or  Central  Europe  to  be  found  in  it,  and  it 
shares  with  all  floras  of  similar  or  earlier  age  the  peculiar  facies 
given  by  the  complete  absence  of  leguminous  pods*. 

The  Ardtun  deposit  is  known  to  be  of  newer  age  than  the  Chalk 
of  the  same  area,  because  it  includes  material  derived  from  it ;  and 
in  the  absence  of  evidence  linking  it  with  any  later  stage  of  the 
Cretaceous,  it  must  be  regarded  as  Tertiary  t.  The  particular  stage 
to  which  it  must  be  assigned  has  to  be  determined  chiefly  on  the 
evidence  of  the  fossil  plants  contained  in  it.  It  will  be  seen  that 
though  we  cannot  exactly  parallel  the  Ardtun  flora  with  anything 
else,  its  general  facies  is  more  that  of  a  Cretaceous  flora  than  of  a 
Tertiary  one,  and  that  its  most  characteristic  types  ceased  to  exist 

•  The  only  figure  througbout  the  •  Flora  Arctica '  purporting  to  be  part  of  a 
froit,  "  LeguminosUeSy  sp.,  ie  a  torn  fragment,  which  might  equally  be  part  of 
a  leaf. 

t  In  the  Trans.  Edinb.  Geol.  Soo.  vol.  i.  April  1867,  Mr.  T.  Smyth  maintains 
that  the  Lower  BasalU  of  Ardtun  and  of  the  sides  of  Fingal's  cave  in  Staffa  are 
Upper  CretaoeouA,  and  the  leaf-bed  of  Ardtun,  Miocene. 
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in  Europe  with  the  stage  known  to  oontinental  writers  aa  Faleocene. 
Further,  if  we  accept  the  stratigraphioal  evidence  linking  it  to  the 
floras  of  Antrim,  we  are  able  to  fix  the  age  of  the  next  overlying 
flora  as  not  later  than  that  of  Gelinden,  a  flora  of  '  Heersien '  age, 
and  probably  contemporary  with  our  Thanet  Beds*  ;  and  to  check 
this  by  a  third  and  much  newer  flora,  that  of  Lough  Neagh,  in  which 
for  the  first  time  the  most  characteristic  plants  of  the  Middle  Eocene 
make  their  appearance.  This  evidence,  complete  as  it  is,  is  backed 
by  a  large  amount  of  negative  evidence,  and  must  carry  conviction, 
unless  it  is  denied  that  plants  in  those  days  followed  the  ordinary 
laws  of  nature  and  appeared  in  any  definite  sequence. 

Thirty-five  years  ago,  when  the  Ardtun  flora  was  brought  under 
the  notice  of  the  Society,  scarcely  anytliing  was  known  about  fosail 
plants.  The  existence  of  Dicotyledons  of  Cretaceous  age  was  not 
even  suspected,  and  except  the  abnormal  flora  of  Sheppey  not  a 
single  assemblage  of  plants  of  acknowledged  Eocene  age  had  been 
adequately  illustrated,  while  the  monographs  on  Tertiaiy  plants  in 
all  did  not  reach  ten  in  number.  The  science  was  in  its  infancy 
when  Edward  Forbes  hazarded  the  opinion  that  the  plants  would 
prove  to  be  of  Miocene  age ;  and  those  who  have  been  accustomed 
to  regard  the  age  of  the  Ardtun  flora  as  no  less  well  established  than 
that  of  Alum  Bay  will  be  surprised  to  realize  the  slender  basis  on 
which  the  determination  has  rested. 

The  first  notice  of  the  occurrence  of  fossil  plants  in  these  Traps 
was  published  by  the  Duke  of  Argyll  in  January  1851 1.  Though 
well  aware  that  they  were  of  Tertiary  age,  he  refrained  from  making 
any  more  definite  statement  regarding  them ;  but  Prof.  E.  Forbes,  to 
whom  the  task  of  describing  the  plants  themselves  fell,  thought 
"  that  the  general  assemblage  of  leaves,  when  judged  by  the  present 
state  of  our  knowledge  of  the  v^etation  of  ancient  epochs,  is 
decidedly  Tertiary,  and  most  probably  of  that  stage  of  Tertiary 
named  Miocene.''  He  was  unable,  however,  to  identify  any  of  them, 
either  with  forms  of  the  British  Eocene  J  or  European  Miocene,  and 
was  forced  to  regard  them  as  ^^  in  all  probability  distinct  from  any 
recorded  species ''§.  One,  however,  Platanites  hebridicus,  he  believed 
to  have  "  a  dose  affinity  with  Platanus  herculesW,  from  the  marly 
slates  of  Croatia;"  and  another  Taxites  ?  GampheUii,  "  allied  to  the 
Tcueites  Eoathomi  of  linger,  from  the  Miocene  lignite  of  Carinthia." 
The  remaining  six  species  (really  only  four)  presented  apparently  no 
sufficiently  decided  resemblance  to  any  previously  known  form  to  be 
worth  alluding  to.  We  thus  see  that,  when  describing  them,  Forbes 
was  only  able  to  say  that  the  small  fragments  of  Platanites^  which 
were  all  he  had,  were  something  like  an  Eocene  form  from  Croatia, 

»  GeoL  Mag.,  April  1887. 

t  Quart.  Joum.  G«oL  Soo.  toL  tIL  p.  89. 

t  L,  0.  p.  103. 

§  The  known  British  Eooene  floras  appear  to  ha?e  been  the  abnormal  ones 
of  Sheppey  and  Alum  Bay,  which  certiunly  bear  no  resemblance  to  that  of 
MulL 

II  Unger, '  Chlor.  Protog./  p.  188,  t.  46.  They  belong  actually  to  very  distinct 
types  of  leaf.    The  slates  were  described  as  Eocene. 
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and  the  Taxitea^  a  yew-like  conifer  of  a  type  actually  common 
to  every  flora,  from  the  Jurassic  upwards,  was  something  like  a 
Miocene  conifer  from  Garinthia. 

The  next  reference  to  the  MnU  flora  that  I  have  traced  occurs 
in  Lyell's  ' Elementary  Gteolog}/  5th  ed.  1855,  p.  181,  where  the 
author  says,  ^'  no  accompanying  fossil  shells  have  been  met  with, 
and  there  seems  therefore  the  same  uncertainty  in  determining 
whether  these  beds  are  Upper  Eocene  or  Miocene,  which  we  ex- 
perience when  we  endeavour  to  fix  the  age  of  many  continental 
Brown-Coal  formations,  those  of  Croatia  not  excepted/'  Jukes, 
Phillips,  and  other  contemporary  writers  make  no  mention  of  the 
Ardtnn  plants,  and  no  very  definite  opinions  concerning  them  seem 
to  have  been  formed  until  1856,  when  De  la  Harpe  visited 
England. 

He  wrote,  after  examining  them,  that  though  most  of  the  im- 
pressions are  hardly  determinable,  and  he  is  unable  to  identify  any 
with  known  species,  he  fully  coincides  with  Forbes's  opinion,  and 
can  only  regard  them  as  a  Miocene  flora*. 

In  1859  Heer  pronounced  them  to  be  Miocene,  though-  he  had 
not  seen  the  specimens,  and  had  only  the  rather  defective  figures  of 
Forbes's  very  imperfect  specimens  to  go  upon ;  yet  this  opinion  seems 
to  have  been  regarded  as  final,  and  has  remained  uncontradicted  to  the 
present  day.  What  he  actually  said  wasf  that  Ardtun  Head  was 
tbe  only  point  in  Great  Britain  which  had  until  then  yielded 
Miocene  plants,  amongst  which  were  Sequoia  Langsdorfii  and  Pla- 
tanus  aeeroides,  6p.  (?).  In  a  footnote  (p.  314)  he  is  more  explicit ^ ; 
but  we  see  that  the  Tfutites  of  Mull  has  shorter  leaves  than  the 
Sequaia  it  is  identified  with  ;  the  Platanus  is  only  very  probably  the 
P.  aceroides^  the  imperfect  preservation  of  the  margin  leaving  room 
for  some  doubt  to  exist ;  the  AlniUs  is  perhaps  the  Corylus ;  the  Rhamn 

*  <*  Qnoique  la  plupart  des  empreintes  recneilHes  soient  peu  d^terminables  et 
que  je  n*en  puisse  rapporter  aucune  A  des  eep^s  connues,  je  partage  pleine- 
ment  Topinion  de  M.  Forbes,  et  n'y  toIs  auasi  qu'une  florule  de  I'dpoque 
Miooftne.  La  presence  d'on  Alnuel  {Alnites 7  Mac^iarrUf  Forb.,  pi.  iv.  fig.  3) ; 
oelle  (probable)  d'un  Acer  {Platanites  hebridicus,  Forb.,  pi.  iii.  fig.  5,  et  pi.  It. 
fig.  1),  Toisin  de  VAcerites  iniegerrimus,  Viy. ;  et  oelle  d^  Bhamnus  (Rham- 
nifes?  muliinervatuSf  Forb.,  et  Rhamnites?  mcQory  Forb.,  pi.  iii.  fig.  2et3); 
enfin,  la  position  g^oloeique  du  gisement  sont  autant  de  motifs  en  fiiveur  de 
oette  opinion.*'    (Bull,  de  la  Soc.  Vaudoise,  1856.) 

t  Flora  Tert.  Helv.  vol.  iii.  Dw  318. 

\  "  Der  Taxites  Campbellii,  Forb.,  ist  die  Sequoia  Langsdorfii ;  die  Blatter 
Bind  zwar  etwafi  kiirzer  als  sie  bei  unsem  Exemplaren  gewohnlioh  Torkommen, 
doch  finden  sich  solche  karzblattrige  Formen  auch  bei  uns  und  in  Oestreioh 
(ef.  Vngefs  '  loonogr.*  Taf.  15.  fig.  13).  PUUanus  hebridicus,  Forb,  ist  sehr 
wahrscheinlioh  PL  aceroideSf  Gp.  Das  Blatt  hat  nur  3  Hauptnerven  (kann 
daber  nicht  zu  Acer  integerrimiui,  Viy.,  ^horen)  und  iiberhaupt  ganz  die  Ner- 
Tation  der  genannten  Platane.  Leider  ist  aber  der  Blattrand  nur  an  wenigen 
Rt^Uen  erhalten,  and  so  bleibi  immer  noch  einiger  Zweifel;  sonst  miisste  der 
Name  Ton  Forbes  als  der  altere  Torangeetellt  werden.  Taf.  3»  fig.  4,  gehort 
▼ielleicht  zu  Chrvlus  grosse-defUafa,  Hr.  Die  Bandlnldung  ist  wahrscheinlioh 
uuricbtig  gezeichnet.  Taf.  3,  fig.  2  {Bhamnites?  mulfinervatug,  Forb.),  ist 
wohl  Bohemia  muUinervUf  A.  Br.,  up.  Die  nierkwurdigste  Art  ist  der  Fili- 
eiUtf  MridJOMS,  Forb.,  ein  Farrenkrant,  das  in  seiner  Nervation  aehr  von  alien 
des  Oontinentos  abweicht.*' 
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nites  is  prohaUy  the  Bercheinia ;  the  Fern  is  of  a  type  unknown  on 
the  continent.  He  thus  differs  in  detail  from  De  la  Harpe,  and  is 
indisposed  to  admit  that  the  flora  contains  either  Alnus^  Acer,  or 
Khamnus,  the  presence  of  which  had  convinced  the  latter  as  to  the 
Miocene  age  of  the  flora.  His  four  rather  hesitating  identifications 
sufficed,  however,  to  induce  him  to  speak  even  more  positively  than 
De  la  Harpe,  who  had  at  least  seen  the  specimens,  as  to  the  age  of 
the  heds ;  hut  he  reduces  the  value  of  his  evidence  by  only  admitting 
two,  the  Sequoia  and  the  Platanus,  into  the  exhaustive  tables  which 
conclude  his  great  work  on  the  Tertiary  Flora  of  Switzerland.  I 
cannot  trace  tiiat  these  identiflcations  were  in  any  way  increased  or 
modified  after  Heer's  visit  to  England  ;  but  in  1862  he  changed  the 
name  of  Corylus  grossedentata,  of  the  Aquitanian  of  France  and 
Switzerland,  to  Corylus  MacQuarrii,  Forbes,  sp.* 

This  completes  the  evidence  upon  which  the  Miocene  age  of  the 
Basalts  was  defined  ;  for  in  the  6th  edition,  1865t,  and  all  subse- 
quent editions  of  Lyell's  '  Elements,'  and  '  Student's  Elements  of 
Geology,'  we  find  the  following : — "  and  his  [Forbes's]  opinion  has 
been  confirmed  by  Prof.  Heer,  who  found  that  the  Conifer  most 
prevalent  was  the  Sequoia  Langsdorfii,  also  Corylus  grosse-dentiUaj 
a  Lower  Miocene  species  of  Switzerland  and  of  Menat,  in  Auvergne." 

Thus  the  age  of  the  beds  has  been  based  on  the  lithographs  of 
four  species,  wanting  in  detail,  and  represented  by  mere  fragments 
of  leaves,  which  even  De  la  Harpe,  who  was  not  easily  discouraged, 
regarded  as  ^^  peu  determinable,''  the  specimens  being,  in  fact,  in 
black  shale,  and  by  no  means  easy  to  make  out. 

A  letter  from  Heer  to  Ch.  Gaudin,  dated  1856,  published  in  the 
Bull,  de  la  Soc.  Yaudoise,  shows  that  the  only  floras  recognized  by 
him  as  Eocene  at  that  period  i  were  known  to  him  from  the  descrip- 
tions, without  illustrations,  published  by  Gaudin  and  by  Brongniart, 
from  Bowerbank's  work  on  the  English  Eocene  plants,  and  the  flora 
of  Monte  Bolca.  All  others,  though  described  as  Eocene  in  published 
works,  he  regarded  as  Miocene  §.  It  is  easy  to  see  how,  with  the 
ordinary  types  of  Eocene  floras  (and  some  of  the  isolated  Swiss  floras 
may  be  Eocene),  grafted  on  to  the  Miocene  floras,  there  was  always 
at  hand  a  scale  by  which  every  flora,  except  such  abnormal  ones  as 
those  of  Sheppey  and  Alum  Bay,  would  be  determined  to  be  Miocene, 
and  be  of  use  in  turn  in  incorporating  floras  of  even  more  widely 
different  ages.  On  the  plant-evidence,  Heer  would  have  pronounced 
the  Beading  and  the  Bournemouth  floras  to  be  Miocene  had  they 
been  known  then ;  for  they  have  a  very  large  number  of  species  in 
common  with  European  floras  he  had  already  so  placed.  He  did,  in 
fact,  pronounce  an  American  Cretaceous  flora  sent  him  to  be  Miocene, 
so  that  it  is  obvious  he  was  not  in  a  position  to  offer  any  sound 

»  Naturf.  Gesellsch.  Zurich,  1862,  p.  178. 
t  Lyell,  '  Moments,'  ed.  6,  p.  239. 

i"  Oil  est  done  la  flore  6oodne  ?—• Je  n'en  oonnais  pas  ailleurs  qu*au  Monte 
ca,  en  Angleterre,  et  dans  le  bassin  de  Paris." 

§  "  Get  ezamen  m'a  parfaitement  oonflrm^  Topinion  que  Haring,  Sagor, 
Sotika,  Badoboj,  de  mdme  que  le  Monte  Promina  sont  mAockneB  et  non  point 
ioc^nesr    (Bull.  Soo.  Yaudoise,  1856.) 
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opinion  regarding  the  age  of  any  of  the  older  Tertiary  floras,  even 
with  the  best  of  material. 

There  are,  moreover,  many  prevailing  types  of  leaves  common  to 
widely  distinct  genera  which  seem  to  occnr  in  most  floras,  whether 
recent  or  fossil.  The  so-called  Gorylus^  on  which  so  much  stress 
has  been  laid,  is  one  of  such ;  for  even  the  brambles  and  hazels  in 
any  hedgerow  are  seen  to  have  the  same  cutting  and  venation. 
The  identifications  of  the  Mull  and  Greenland  plants  with  those  of 
European  Miocenes  will  be  seen  to  rest  upon  leaves  of  this  kind, 
and  not  upon  the  well-characterized  forms,  which  differ  most  com- 
pletely. Instances  of  similarity,  and  even  identity,  between  the 
Greeiiland  plants  in  question  and  those  of  the  Cretaceous  and  older 
Tertiary  floras  of  Europe  have  passed  without  comment,  whilst  the 
majority  of  the  identifications  actually  made  are  untrustworthy,  for 
in  nearly  every  case  there  are  marked  and  often  i^ndamental  dis- 
crepancies between  the  form  and  venation  of  the  leaves  compared. 

Of  the  Ferns,  the  oldest  are  unknown  in  any  other  European 
formation,  though  the  Ballypalady  type  appears  in  the  '  fieersien ' 
of  Geb'nden  and  the  Woolwich  Beds  of  Bromley ;  but  directly  the 
newer  beds  of  Lough  Neagh  are  reached  two  widely  spread  Middle 
Eocene  types  appear  (Joum.  Linn.  Soc,  Bot.  vol.  xxi.  pi.  xxvi.).  Of 
the  Gonifene,  the  only  one  to  reappear  in  any  post-Eocene  deposit  of 
Europe  is  the  still  Hving  Ginkgo,  which  recurs  in  the  late  Miocene 
or  Pliocene  (?)  of  Sinigaglia,  in  North  Italy.  It  is  upon  the  Dicoty- 
'  ledons,  however,  that  reliance  has  chiefly  been  placed ;  and  it  is 
likely  that  their  evidence  is  the  more  trustworthy,  siuce  they  must 
have  been  undergoing  somewhat  rapid  modification  in  the  direction 
of  existing  species  and  genera. 

The  first  fossil  plants  brought  back  by  Arctic  expeditions  were 
firom  the  lower  of  the  two  plant-beds  at  Atanekerdluk,  in  Green- 
land ;  and  collections  from  this  were  made  by  McClintock,  Colomb, 
and  Whymper.  They  were  determined  by  Heer  to  be  Miocene,  and 
comprised  not  only  all  the  plants  from  Ardtun  illustrated  byEorbes,  but 
most  of  those  since  discovered  by  Baily  at  Glenarm  and  Ballypalady, 
in  Antrim.  Fifty-two  out  of  the  178  species  *  from  this  bed  were 
identified  with  European  or  American  Miocene  plants,  and  these  we 
propose  to  examine,  since  the  evidence  in  support  of  the  Miocene 
age  of  the  Ardtun  plants  alone  would  scarcely  require  further  con- 
sideration ;  whilst  if  the  Atanekerdluk  bed  is  really  Miocene,  the 
Ardtun  bed  would  be  equally  bo.  The  Atanekerdluk  bed  is  1200 
feet  above  the  sea,  and  under  a  great  capping  of  basalt ;  most  of  the 
leaves  were  found  in  a  reddish  concretionary  ironstone  like  that  of 
Lough  Neagh ;  and  others,  less  distinct,  in  dark  shale  and  a  yellowish 
ochreous  sandstone.  A  second  plant-bed  occurs  200  feet  above, 
with  considerably  more  than  half  its  78  species  peculiar  to  it,  and 
much  less  like  those  of  Mull  and  Antrim.     Since  then  fossil  plants 

*  At  least  one  half  of  these  should  be  suppressed.  Robert  Brown,  the  com- 
panion of  Whymper,  was  the  first  naturaUst  to  visit  these  beds,  and  he  strongly 
protested  against  the"  reckless  way  Heer  makes  spedes  and  genera  out  of  these 
fotsiU."    n^ans.  Edinb.  Oeol.  Soc.  vol  i  p.  194  (1868). 


Digitized  by  LjOOQ IC 


296  U'tU  J.  8.  GASD9EB  OK  THE  LEAF-BBDS 

have  been  collected  from  more  than  forty  fresh  localities  within  the 
Arctic  Circle,  some  of  which  are  obviously  of  mnch  later  age,  and 
which  we  need  not  now  take  into  account. 

The  most  conspicuous  of  the  leaves  at  Ardtun,  both  on  account  of 
its  size  and  abundance,  is  the  Platanites  Tubridicus,  Porbes,  identi- 
fied by  Heer  *,  first  with  Platanus  aceroides,  Goppert,  of  Schrotz- 
burg,  and  subsequently  with  P.  OuiUelnuB,  Goppert,  of  Schossnitz  t. 
The  materials  for  comparison  were  the  two  figures  in  the  Journal  of 
this  Society,  neither  of  which  show  base,  apex,  or  margin,  and  some 
hardly  more  perfect  specimens  from  Greenland,  the  fragments  of 
different  leaves  brought  home  having,  it  is  stated,  to  be  pieced  to- 
gether to  get  an  idea  of  the  leaf.  The  fine  series  of  perfect  speci- 
mens which  we  now  possess  shows  that  Forbes's  species  differs  in 
nearly  all  its  details,  and  is  a  much  larger  form  than  any  of  the 
Miocene  species  of  Platanus  of  either  Europe  or  America,  and 
greatly  resembles  the  Cretaceous  Credneria,  as  observed,  indeed,  by 
Heer,  as  well  as  some  of  the  Suzanne  leaves  of  Faleocene  age. 

Castanea  Ungeri^  Heer,  FagiLS  eastanearfolia,  Unger,  from  the 
Miocene  of  Leoben  and  Wartzberg,  in  Styria,  &c.,  and  of  the 
American  Miocene,  is  a  handsome  species  and  probably  a  true  Cas- 
tanea ;  but  the  cutting  of  theleaf  in  the  Greenland  specimensidentified 
with  it  IB  different,  and  the  fruits  i  which  are  cited  in  support  of  the 
determination  are  far  more  like  the  similar  bodies  from  Ball3rpalady 
than  like  chestnuts.  Fagus  macrophyllay  Unger,  is  identified  as  a  . 
Greenland  fossil  on  an  indistinci;  fragment  of  a  leaf  which  differs  in  no 
respect  from  the  above ;  whilst  the  leaf  named  Quercus  furcinervis^ 
Bossm.,  is  probably  only  another  specimen  of  the  same  species,  and 
dLTers  widely  from  any  leaves  of  the  Swiss  Molasse  or  the  American 
Miocene  bearing  that  name.  The  supposed  Planera  lingerie  Ett.,  of 
Greenland,  is  represented  by  a  single  specimen,  which  might  well  be 
a  distorted  form  of  the  same  so-Killed  Castanea ;  and  neither  its 
form,  cutting,  nor  venation  justify  its  association  with  the  well- 
marked  Miocene  form,  so  prevalent  in  the  Molasse  &c.  of  Switzer- 
land, Germany,  and  Italy. 

The  supposed  Carpinus  grandis,  Unger,  of  Greenland  and  Mull, 
is  a  leaf  with  different  cutting,  and  veins  much  wider  apart  and 
more  forked  than  the  Swiss  or  American  forms. 

Quercus  Drymeia,  Unger,  is  a  species  well  known  from  the  Middle 
Eocene  to  the  Oligocene ;  but  there  is  nothing  in  two  fragments  from 
Greenland  to  justify  their  reference  to  it. 

The  same  remarks  apply  to  Salix  varians^  Gopp.,  and  to  the 
single  imperfect  and  characterless  leaf  identified  with  Bhammis 
Bossmasslen, 

The  specimens  ascribed  to  Juglans  acuminata^  A.  Br.,  are  im- 
perfect leaves  without  decided  characters,  which  do  not  resemble  in 
any  definite  way  the  splendid  specimens  figured  by  Heer  under  that 

•  Flor.  Tert.  Hely.  vol.  ii.  p.  71. 

t  Qt^pert, '  Die  Tert  Flora  von  SohosBiiiti  in  8ohlerien,'  1855,  p^  21. 

X  Flor.  Arot  vol  ii.  pi.  zIt.  figs.  2-26. 
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name  in  the  *  Plora  Tertiaria  Hely.'  (vol.  iii.  p.  88,  pis.  128  and  129), 
and  they  wonld  be  better  placed  under  Magmlia  Inglefiddi,  Heer. 

Carylus  MaequarriijFoTheBj  so  yery  abundant  in  MuU,  is  probably 
distinct  from  the  Miocene  (7.  grosse-dentata ;  while  the  single 
smaller  leaf,  separated  as  G,  insignis^  is  only  a  smaller  specimen  of 
whatever  the  larger  ones  may  prove  to  be. 

The  fragment  referred  to  Liquidamhar  europcmm,  A.  Br.,  has  no 
perfect  digit,  and  the  secondary  veins  are  obliterated.  The  Green- 
land Diospyros  hraehysepcda^  A.  Br.,  agrees  with  the  form  described 
by  Lesqnereuz  from  the  Eocene  lignitic,  but  not  with  that  of  the 
Bwiss  Miocene. 

Several  distinct  forms  seem  to  be  described  under  the  name  of 
Scdia  Baeana,  Heer,  but  only  one  of  them  recurs  among  the  figures 
of  Baltic  Miocene  (?)  plants. 

Quite  a  small  fragment  of  a  leaf  and  two  indistinct  fruits  are 
referred  to  Myrica  acuminata^  Unger ;  but  they  may  belong  to  some 
plant  widely  distinct  from  that  of  Sotzka  or  the  Baltic  floras,  while 
those  placed  by  Lesquereux  in  the  species  are  exactly  like  Qwrcus 
Drymda,  The  tiny  leaflet  called  Colutea  Salteri  is  very  unlike  in 
all  respects  those  figured  in  the  '  Mora  Tert.  Helv.'  (pi.  132.  figs.  60 
and  61).  Papultis  Zaddaehi,  Heer,  is  only  represented  from  Green- 
land bv  imperfect  leaves,  which  probably  may  be  identical  with  those 
from  Uie  Amber-beds.  The  leaves  from  the  Baltic,  the  American 
Lignitic,  and  from  Greenland,  referred  to  FraanniLs  denticulata, 
Heer,  and  those  from  Bovey  Tracey,  Missouri,  and  Greenland, 
referred  to  Quercus  Lydliy  Heer,  I  believe  in  each  case  to  be  dis- 
tinct forms. 

The  foregoing  species  are  all  stated  to  be  common  to  the  Miocene 
formations  of  Greenland,  £urope,  and  America.  Those  which  follow 
are  supposed  to  be  confined  to  Greenland  and  America  and  Green- 
land emd  Europe  respectively.  In  the  former  category  we  have 
Populus  arctieus,  Hr.,  and  P.  Eichardsoni,  Hr.,  which  I  cannot  dis- 
tinguish from  each  other,  from  Greenland,  Mull,  and  Heading,  with 
leaves  large  and  deeply  notched,  and  from  America,8maU  and  smooth, 
or  slightly  notched.  Hedei'a  MacClurii,  Hr.,  is  based  upon  such 
fragments  that  comparison  is  impossible.  The  fine  leaf,  Vitis  Olriki, 
Hr.,  of  Greenland,  is  not  accepted  by  Saporta  as  a  vine,  and  I  do 
not  see  justification  for  Lesquereux's  association  with  it  of  leaves 
irom  the  first  and  second  stages  of  the  Great  Lignitic.  The  grounds 
for  separating  specimens  called  Quercus  Olafseni  from  those  called 
Castanea  Ungerij  Hr.,  seem  inadequate ;  while  neither  of  the  three 
very  different  leaves  placed  under  Juglans  denticulata,  Hr.,  agree  at 
all  closely  with  the  same  species,  according  to  Lesquereux.  On  the 
other  hand,  the  examples  of  Paliurus  Golombi  of  Heer  and  Les- 
quereux appear  to  be  properly  united. 

Of  the  species  common  to  Greenland  and  Europe,  Andromeda 
prciogcea,  Unger,  and  A.  Saportatuif  Hr.,  are  not  identified  in  the 
Greenland  beds  on  adequate  grounds.  Acer  otopteriXy  Gopp.,  is 
recognized  from  a  fragment  devoid  of  outline.  The  parts  of  leaves 
assigned  to  Populus  Gaudini,  Fischer,  might  belong  to  Magnolia  or 

O.J.G.S.  No.  170.  X 
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any  other  form.  The  speciinen  named  ScuMfras  Ferretianumj  Mass., 
though  very  fragmentary,  is  far  more  like  a  leaf  from  Dnlwich 
and  Newhaven  than  the  Italian  species.  Fagus  dentata,  Unger,  is 
represoDted  in  Greenland  hy  a  few  fragments,  and  Fagua  DeuealioniSy 
Unger,  by  one  insignificant  shred  of  the  same  type  as  others 
called  Ccutanea  Ungeri,  Dryandra  aeaiiloha^  Brongn.,  ranks  as  a 
Greenland  species  on  account  of  another  insignificant  fragment,  and 
veins  are  introduced  into  the  figure  which  heighten  the  resemblance, 
but  do  not  exist  in  the  specimen.  Rhamnus  Eridani^  Unger,  is 
based  on  a  good  specimen,  but  without  distinctive  character : 
Bhamnus  Oaudini,  Hr.,  on  a  fragment  which  is  alike  destitute  of 
base,  apex,  and  margins,  and  in  which  even  the  veins  are  differently 
disposed  from  those  of  the  Swiss  specimen ;  and  Ehamnu$  brevifrlius^ 
A.  Br.,  from  Switzerland,  is  quite  distinct  from  that  of  Greenland. 
Juglans  Strozziana  and  Qttercus  Laharpii,  Ghiudin,  from  Greenland, 
are  mere  fragments  devoid  of  distinctive  characters  ;  Comusferose^ 
Ung.,  is  based  on  fragments  too  imperfect  for  comparison ;  and 
Alnus  nostratus,  Ung.,  on  specimens  just  sufficiently  distinct  to  show 
that  they  cannot  belong  to  that  species,  finally,  the  leaf  deter- 
mined as  Fopulus  sderophyUa,  Sap.,  of  Greenland,  differs  in  every 
detail  from  the  same  species  at  Armissan. 

These  determinations  are  for  the  most  part  based  upon  specimens 
which  I  should  regard,  under  any  circumstances,  as  too  frag- 
mentary to  be  of  any  value,  and  belonging  moreover  to  types  of 
leaves  which  are  so  universal  that  they  would,  even  if  perfect,  fall 
into  the  undeterminable  residuum  of  a  fossil  flora.  It  would,  I 
believe,  have  been  just  as  easy  to  have  identified  them  with  either 
Cretaceous,  Eocene,  or  living  species  as  with  Miocene.  It  is  not  a 
little  significant  that  none  of  the  finer  and  most  distinctive  plants  of 
the  Mull,  the  Antrim,  or  the  Atanekerdluk  floras  in  question  were, 
or  could  be,  identified  with  Miocene  species,  but  were  aU  admitted 
to  be  peculiar.  Among  these,  we  have  the  Pterospermites  or  Quereus 
platania  (for  these  seem  to  be  the  same  plant)  represented  by  a 
magnificent  specimen  from  Atanekerdluk  in  the  British  Museum, 
and  a  similar  one  from  Mull  in  the  Glasgow  Museum,  recalling  the 
larger  leaves  of  Suzanne.  Then  there  is  the  very  satisfactory  Afag- 
nolia  IngUJUldij  and  the  fine  species  named  Ilex  longifolia  and 
Qaereus  grcsrUandica. 

But  the  best  marked  and  most  thoroughly  characteristio  leaves  of 
the  whole  are  the  Daphnogene  Kanii,  Hr.,  and  the  MacClintockia  tri- 
nervis,  Hr.,  forms  which  axe  equally  represented  in  the  Thanet 
flora  of  GeUnden  and  in  the  Antrim  floras.  These  perhaps  belong 
to  the  genus  PUea  of  the  UrtieecB,  but  they  evidently  existed  in 
Europe  at  one  definite  stage  and  no  other,  and  afford  palseontological 
evidence  that  should  be  conclusive.  With  these  is  the  Bhus  beUa 
of  Heer,  identical  with  Dewalguea  gelindenais  of  Gelinden,  and  a 
few  other  less  distinctive  forms. 

The  large  number  of  fossil  floras  brought  from  Arctic  regions  have 
demonstrated  that  there  is  a  gradual  passage  from  those  determined 
to  be  CretaoeouB  to  those  determined  to  be  Miocene.    The  stratifl- 
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eaidon  of  these  beds  renders  it  in  the  highest  degree  improbable  that 
beds  of  Eocene  age  should  be  unrepresented,  whilst  the  known 
temperature  of  the  Eocene  would  have  been  more  favourable  to  the 
growth  of  temperate  floras  in  high  latitudes  than  the  diminished 
heat  of  the  Miocene.  If  pakeontological  evidence  is  to  count  for 
anything,  the  floras  of  Qlenarm  and  Ballypalady  must  be  correlated 
with  the  Thanet  flora  of  Gelinden  ;  the  lower  bed  of  Atanekerdluk 
is  a  little  older,  and  the  flora  of  Aidtun  is  a  little  older  stilL  The 
relative  stratigraphical  positions  of  the  Antrim  and  the  Ardtun 
leaf-beds  bear  this  out.  The  flora  of  Lough  Neagh,  which  is  the 
newest  of  the  basaltic  floras  in  Ireland,  is,  upon  pal»ontological 
evidence,  somewhere  on  the  horizon  of  the  Bournemouth  and  Bovey 
floras. 

I  have  dwelt  at  some  length  on  the  illusory  nature  of  the  evidence 
upon  which  these  floras  have  for  so  long  been  regarded  as  Miocene, 
llie  misconception  as  to  their  age  was  easy  to  propagate,  but,  after 
finding  a  place  in  every  text-book  of  geology  for  35  years,  is  hard 
to  remove.  If  I  have  failed  to  attain  this  object,  I  am  convinced 
that  it  is  less  from  lack  of  evidence  than  from  failure  to  arrange 
it  in  a  convincing  manner.  No  steps  towards  a  rational  appre- 
ciation of  fossil  floras  can  be  made  until  the  fallacies  regarding 
their  age  are  swept  away ;  but  when  this  shall  have  been  accom^ 
plished,  due  allowance  being  made  for  difierences  of  latitude  and 
longitude,  they  may  even  surpass  faunas  in  furnishing  trustworthy 
data  for  determining  the  age  of  rocks. 


EXPLANATION  OF  THE  PLATBa 
Platb  XIII. 

Eocene  Plants  and  InseoU  from  Limestone  of  Ardtun :  natural  sue.  exceot 

fig.  14a. 

Pig.  1.  Ooniferous  foliage,  resembling  that  from  Greenland  described  as  Sequoia 
Langsdar/ii,  Heer. 

2.  Ooniferous  foliage,  similar  to  that  described  as  Glyptostrcbus  europtBUs, 

Heer. 

3.  Fruiting  branch  of  Podooarptu  boreaUs,  sp.  noT.  (p.  289). 

4.  Flower-spike  stem. 

5.  6,  10.  Bracts  or  fragments  of  husks. 

7.  Small  drupaceous  fniit. 

8.  Elytron  of  a  beetle. 

0.  Hind  wing  of  a  Oeroopid  insect 

11.  Imi»«sBion  of  a  large  subangular  seed. 

12.  Fruit  otPkUanua  hebridieui,  Forbes? 
13, 14,  15.  Male  catkins  of  ditto. 

14  0.  Detached  anthers,  magnified. 

Platb  XIV. 
Typical  Eocene  Plants  from  Limestone  of  Ardtun ;  natural  site. 

Fig.  1.  Lobed  leaf,  a  form  usualW  ascribed  to  Aoer, 

2.  Qimeites  ^rtmlandicuB,  Heer. 

3.  Ofate,  serrate  leaf,  undetermined. 
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PlaiuXV. 

Typioal  Eocene  Flanti  firom  Limeetoiie  of  Ardtun ;  natunl  eiie. 

Fig,  1.  Bakmeria  antiqua,  sp.  no?,  (p.  291). 
2.  Orate,  serrate  leaf,  undetermined. 
8.  CoryUtea  Macquarrii,  Forbes,  ep. 

PlatiXYL 

laical  fiiocene  Plants  from  Limestone  of  Ardtun ;  natnral  siie. 

Fig.  1.  Ofate^  serrate  leaf,  undetermined. 

2,  S,  5.  Brergreen  leayes,  like  those  of  Myrtacem, 
4.  ^e^M^like  leaf. 

DnorBnov. 

Mr.  fiAUEBMJLK,  as  Chairman,  remarked  upon  the  great  interest 
attaching  to  the  study  of  these  deposits,  upon  which  the  Author 
had  brought  forward  a  most  valuable  series  of  obserrations  and  illus- 
trations. 

The  PsBsiDBrr  also  bore  testimony  to  the  value  of  Mr.  Gardner's 
collections.  Referring  to  the  points  upon  which  the  Author  differed 
from  himself  in  opinion,  he  said  that  when  he  visited  the  locality 
he  was  impressed  with  the  fact  that  Macculloch  had  correctly 
described  what  existed  then.  He  thought  that  the  Author  was 
mistaken  in  the  significance  he  attached  to ''  rubble-chalk."  iiubbl€H 
chalk  was  not  chcdk  transported,  but  broken  up  in  situ.  He  con- 
sidered that  the  presence  of  lignite  in  the  unfossiliferous  sand- 
stoDCS  lying  above  the  Upper  Greensand  was  indicative  of  estuarine 
conditions. 

Mr.  Cabbittuxbs  remarked  upon  the  extreme  value  of  the  col- 
lections obtained  by  Mr.  Gardner,  but  said  that  as  the  specimens 
had  not  yet  been  worked  out,  he  could  not  venture  to  pronounce  any 
opinion  upon  the  evidence  which  they  furnished. 

Mr.  G.  F.  Habilis  remarked  upon  the  age  of  the  deposits,  which 
he  understood  Mr.  Gardner  paralleled  widi  the  Heersian  beds  of 
Belgium ;  and  if  this  were  so,  the  Mull  beds  in  question  would  not 
be  older  tlian  the  Thanet  of  this  country. 

The  AuxaoR,  in  reply,  referred  particularly  to  the  small  thick- 
ness of  Chalk  occurring  in  Mull,  and  stated  that  in  the  case  of  the 
**  rubble-chalk,"  its  being  in  situ  or  not  seemed  to  him  to  be  an 
open  question.  He  would  not  deny  that  the  Greensand  deposits 
might  be  estuarine,  but  at  the  same  time  he  thought  that  Macculloch 
had  assigned  this  character  to  them  upon  hearsay  evidence. 
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23.  Notes  on  the  Structures  mid  Relations  of  some  of  the  Older 
Rocks  of  BRiTTAinr.  By  T.  G.  Bonket,  D.Sc,  LL.D,,  F.R.S., 
Professor  of  Geology  in  University  College,  London,  and  Pellow 
of  St  John's  CoUege,  Cambridge.    (Read  March  23, 1887.) 

[Plate  XVII.] 

Some  unavoidable  engagements  prevented  me  from  availing  myself 
of  the  oordial  invitation  of  the  Socicte  Gcologique  de  Prance  to  oar 
Members,  and  joining  their  excursion  to  Brittany  last  summer.  My 
friend  the  Rev.  E.  Hill  was,  however,  more  fortunate,  and  his  account 
was  so  interesting  that  1  determined  to  spend  part  of  my  autumn 
holiday  in  learning  something  of  the  geology  of  a  country  to  which 
many  years  ago  1  had  paid  a  flying  visit  for  the  sake  of  its  antiquities. 
I  am  greatly  indebted  to  Mr.  Hill  for  the  loan  of  specimens,  and  for  a 
number  of  valuable  hints,  both  verbal  and  manuscript.  Even  greater 
are  my  obligations  to  Dr.  "Charles  Barrois,  who,  being  detained  by 
official  duties  in  the  neighbourhood  of  RedOn,  most  kindly  wrote  to 
me  several  times,  pointing  out  the  best  localities  for  study,  and  in 
subsequent  correspondence  has  imparted  to  me  his  views  in  the  most 
frank  and  cordial  manner.  Some  excuse  may  perhaps  be  needed  for 
writing  at  all  upon  a  district  which  is  in  the  hands  of  geologists  so 
competent  as  the  members  of  the  Prench  Survey.  The  impressions 
formed  during  a  passing  visit  may  not  unreasonably  be  deemed  of  no 
value  in  the  presence  of  their  more  elaborate  work.  But  in  one 
respect  (as  Dr.  Barrois  urged  in  writing  to  me)  I  may  hope  my 
remarks  may  be  not  without  use.  I  did  not  go  to  Brittany  to 
criticize,  but  to  compare.  I  looked  at  its  rocks  in  the  light  of  other 
districts  with  which  I  am  well  acquainted,  and  sought  to  ascertain 
their  bearing  on  general  questions  of  metamorphism  and  the  genesis 
of  crystalline  schists. 

Tluree  questions,  then,  were  always  prominently  before  me  as  I 
worked : — 

(1)  Among  the  crystalline  schists  what  structures,  if  any,  are 
presumably  original  ?  and  what  are  due  to  subsequent  disturbance 
primarily  mechanical? 

(2)  What  is  the  probable  age  of  these  schists?  How  are  they 
related  to,  or  in  what  respect  do  they  differ  from^  beds  indubitably 
Pakeozoic? 

(3)  How  far  are  both  the  crystalline  and  the  sedimentary  rocks 
affected  by  the  more  important  intrusive  igoeous  masses  ?  and  do  the 
results  in  case  of  the  latter  resemble  the  schists  and  gneisses  generally 
regarded  as  of  Archsean  age  ? 

In  regard  to  each  of  these  questions  Brittany  supplies  us  with 
evidence  which  appears  to  mo  valuable. 

I  travelled  round  the  peninsula  by  the  railway,  halting  at  Yannes, 
Plouhamel,  Lorient  (whence  I  visited  the  lie  de  Groix),  Quimperl^, 
Quimper,  Brest,  Morlaix ;  but  my  remarks  will  be  confined  mainly 

aJ.G.S.  No.  171.  X 
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to  the  sections  of  the  He  de  Groix,  Qnimperle,  and  Morlaix.  The 
physiography  of  all  this  part  of  Brittany  singularly  resembles  that 
of  Cornwall  and  the  adjacent  districts  of  Devon.  There  are  the  same 
wide  and  gently  imdnlating  plateaux  and  low  rolling  hills,  the  same 
tracts  of  grey  granite  and  of  shivery  slate,  the  same  steep-sided  valleys, 
which  at  last  are  occupied  by  the  sea,  and  sometimes  become  veritable 
fjords  studded  with  hummocky  islands :  there  are  the  same  bare  far- 
reaching  moors  covered  with  gorse  and  ling  and  heath :  nay,  even  in 
the  minor  features,  due  to  the  hand  of  man,  the  likeness  continues, 
in  the  dolmens  and  menhirs  o'f  olden  times,  in  the  cottages  and  the 
dykes  of  earth  and  stone  that  replace  hedges  among  the  fields — even 
in  the  irregular  twists  and  turns  of  the  lanes ! 

Brittany,  where  I  saw  it,  is  a  rather  difficult  country  for  the 
geologist.  Except  on  the  granite  moors  and  on  the  sea-coast,  and 
occasionally  in  the  valleys,  natural  sections  are  rather  rare,  and  the 
most  favourable  localities,  as  it  happens,  are  often  far  away  from 
the  only  convenient  halting-places.  As  the  country  is  not  densely 
peopled,  artificial  sections  are  not  very  common.  Hence  one  may 
often  walk  a  considerable  distance  without  seeing  any  thing  but 
woodland  or  cultivated  fields.  The  task,  then,  of  the  geological 
surveyors  must  have  been  a  laborious  one,  and  I  beg  leave  to 
express  my  admiration  of  the  manner  in  which  it  has  been  accom- 
plished*. 

(1)  ThelledeQroix. 

The  admirable  memoir  by  Dr.  C.  Barroist  on  this  out-of-the-way 
locality  makes  it  needless  for  me  to  describe  in  detail  its  geology. 
I  will  merely  record  the  impressions  which  I  formed  during  my 
examination  of  the  eastern  half  of  its  coast.  This  is  generally 
rocky,  occasionally  precipitous,  but,  as  a  rule,  easily  examined.  The 
dominant  rock  is  a  mica-schist ;  that  of  the  greatest  mineralogical 
interest  is  the  amphihoUte  a  glaueophant  described  by  Dr.  Barrois. 
Of  the  former  there  are  several  varieties.  The  commonest  contains 
chloritoid  as  a  constituent ;  garnets  are  frequently  present.  Besides 
this  there  are  some  felspathic,  staurolitic,  and  graphitic  schists. 
These  schistes  a  ehloritdide  are  generally  full  of  a  well-developed 
silvery  mica  (paragonite  ?),  and  the  red  garnets  commonly  vary  from 
the  size  of  a  pin's  head  to  that  of  a  small  pea.  The  structure  and 
composition  of  the  group  has  been  so  fully  worked  out  by  Dr.  Barrois, 
that  I  content  myself  with  referring  to  his  paper.    I  will  merely  add 

*  The  circular  of  invitation,  issued  by  the  Soci6t6  G^ologique  de  France, 
contains  a  very  complete  list  of  works  dealing  with  the  geology  of  Brittany. 
As  this  is  a  long  one,  and  as  a  copy  is  preserved  in  the  library  of  the  Geologiod 
Society,  I  have  thought  it  needless  to  add  a  bibliographical  section  to  this 
paper.  As  the  questions  mentioned  aboye  are  in  most  cases  comparatively 
modem,  I  have  not  deemed  it  necessary  to  examine  the  older  works,  and  to 
some  in  the  list  I  have  not  access,  but  I  have  freely  consulted  the  various 
papers  by  Dr.  C.  Barrois,  Mr.  Whitman  Cross,  and  Dr.  Le  Hir,  which  deal  with 
the  districts  visited  by  myself,  and  I  took  with  me  the  sheets  "  Lorient "  and 
"  Ghateaulin  "  of  the  French  geological  map.  Those  including  the  remainder 
of  Brittany  are  not,  I  believe,  as  yet  published. 

t  Ann.  de  la  Soc.  GdoL  du  Nora,  t.  xi.  p.  18. 
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that  the  group,  as  a  whole,  not  seldom  reminded  me  in  its  mineral 
composition  and  structure  of  some  of  the  schists,  rich  in  silvery 
mica  and  garnet,  which  in  the  Alps,  so  far  as  my  knowledge  goes, 
appear  to  occupy  a  rather  definite  horizon,  some  little  distance 
below  the  base  of  the  great  and  widespread  uppermost  group  of 
schists  (the  sckistes  luatries  in  part  of  some  authors ;  biindner  Schiefer 
in  part  of  others,  the  gratie  Schiefer  and  griine  Sdkiefer  of  the  Swiss 
survey  map). 

Whatever  may  be  the  earlier  history  of  these  chloritoid-schists, 
they  bear  the  impress  of  some  later  and  very  potent  earth-move- 
ments. These  have  produced  the  dominant  foliation,  which  sometimes 
renders  the  rock  almost  fissile,  and  in  the  planes  of  this  cleavage- 
foliation,  so  far  as  I  could  ascertain,  the  larger  scales  of  chloritoid 
(sometimes  ^  inch  diameter)  have  been  developed.  In  the  bay, 
south  of  Locmaria,  about  the  middle  of  the  south  side  of  the  island, 
the  dip  (about  20°)  of  the  cleavage- foliation  is  slightly  to  the  east  of 
south,  but  afterwards  it  becomes  roughly  south-west;  and  this 
appears  (iallowing  for  local  disturbances)  to  be  the  prevalent  direc- 
tion in  the  eastern  part  of  the  island,  the  angle  of  inclination  being 
commonly  from  15°  to  20°. 

The  amphibolites  are  chiefly  developed  to  the  south  of  Locmaria, 
and  near  the  Fort  de  la  Croix  at  the  eastern  end  of  the  island.  They 
occur  in  bands,  apparently  interstratified  with  the  other  schists^  at 
most  about  50  yards  thick,  but  ofben  less. 

Besides  glaucophane,  which  is  usually  present,  they  contain 
garnets  (cbmmoiUy  abundantly),  together  with  epidote,  green 
hornblende,  white  mica,  quartz,  sphene,  rutile,  and  haomatite.  They 
are  commonly  schistose  in  structure,  and  occasionally  exhibit  mineral 
banding,  both  structures  coinciding  with  the  "  cleavage-foliation  *' 
in  the  chloritoid-schists.  The  banding  is  often  produced  by  a  pre- 
dominance of  epidote,  sometimes  of  glaucophane.  Occasionally,  as  in 
a  case  south  of  Locmaria,  the  amphibolites  are  rather  massive. 
Sometimes,  as  to  the  north  of  the  Fort  de  la  Croix  (where  the  rock  is 
coarser,  the  garnet's  being  as  large  as  a  pea),  they  are  conspicuously 
schistose.  Not  seldom  the  amphibolites  are  rotten,  and  I  believe 
that  any  one  who  wished  to  collect  the  rock  simply  for  microscopic 
sections  would  obtain  the  most  suitable  specimens  from  the  rolled 
pebbles  on  the  beach.  The  schistose  structure  is  not  always  clearly 
marked,  and  some  of  the  rock  in  its  mode  of  decomposition  reminded 
me  of  the  more  massive  varieties  of  the  "  chloritic  schists"  of  South 
Devon  *.  The  constituent  minerals  have  been  so  admirably  described 
by  Dr.  Barrois  in  the  memoir  already  quoted,  that  I  will  merely  say 
that  some  of  the  varieties  of  the  rock  are  extraordinarily  rich  in 
glaucophane,  though  the  individual  crystals  of  the  mineral  are  not 
generally  large  t.  I  quite  agree  with  Dr.  Barrois  that  the  crystalli- 
zation of  the  glaucophane  is  posterior  to  the  pressure  which  has  in 

*  Quart.  Joum.  Geol.  Soc.  vol.  xL  p.  1. 

t  Some  of  the  less  schistose  forms  curiously  resemble,  both  macroscopically 
and  microscopically,  the  glaucophane  eclogite  which  I  have  described  from  the 
YaL  d'AoBte  (Mineral.  Mag.  vol.  rii.  p.  1). 

t2 
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all  probability  produced  the  foliation  of  the  rock^  for  the  crystals 
exhibit  no  sign  of  strain  or  fracture,  but  that  the  garnets  existed 
anterior  to  the  crushing.  These  are  of  a  brown-red  colour,  of 
variable  size,  but  seldom,  if  ever,  more  than  0"*4  diameter,  com- 
monly less,  often  about  0"'l. 

The  genesis  of  these  glaucophane-amphibolites  is  a  question  of 
great  interest,  to  which  I  directed  special  attention.  The  rock  cer- 
tainly appears  interstratified  with  the  other  schists  ;  it  is  distinctly 
foliated,  sometimes  banded,  and  simulates  stratification.  But  I 
agree  with  Dr.  Barrels  that  we  cannot,  therefore,  claim  for  it  a 
sedimentary  origin*.  There  appears  to  be  little  indication  of  a 
graduated  passage  from  the  one  rock  to  the  other.  As  a  rule  the 
divisional  Hnes  are  rather  sharp.  Once  or  twice  I  noticed  thin 
bands  of  mica-schist  in  the  amphibolite,  which  were  difficult  to 
explain  on  the  theory  that  the  latter  was  intrusive.  Still,  as  both 
rocks  have  evidently  been  subjected  to  earth-movements  of  great 
intensity,  which  have  given  rise  to  the  structures  now  dominant,  it 
is  possible  that  the  ordmary  minor  indications  of  intrusion  may  have 
been  efiEaced,  and  small  included  masses  of  the  schist  may  have  been 
flattened  out  by  the  same  cause  which  has  produced  the  simulated 
stratification  of  the  amphibolite.  So  that  while  I  wiU  not  speak 
positively  on  a  question  in  regard  to  which  Dr.  Barrels,  with  his 
much  greater  experience,  fears  to  commit  himself,  I  must  say  that 
I  incline  to  r^ard  these  amphibolites  as  rocks  of  igneous  origin 
and  intrusive,  but  converted  into  schists  by  pressure  and  recrystalliza- 
tion.  The  occasional  "  puckering ''  of  the  foliation  looks  as  if  some 
movements  had  occurred  after  the  present  crystallization  had  taken 
place.  As  to  the  condition  of  the  schist  when  the  amphibolite  was 
intruded  I  found  no  evidence,  except  that  I  noticed  here  and  there 
near  the  junction  some  rather  lenticular  bands  which  contained 
some  large,  but  ill-preserved,  crystals,  apparently  of  staurolite  or 
andalusite. 

(2)  The  District  araand  QuimperU. 

In  this  district  I  examined  a  part  of  the  sea-coast  near  the 
embouchure  of  the  river  Fouldu,  a  spot  about  seven  and  a  half 
miles  to  the  south  of  Quimperle,  and  carried  on  my  work  from  that 
town  in  a  north-westerly  direction  for  about  three  miles  along  the 
Bannalec  roadf. 

The  town  of  Quimperle  is  built  on  the  rough  slopes  of  two  glens, 

*  Dr.  Barrois  suggests  a  similar  explanation  for  the  banded  structure  of  the 
homblende-BchlBts  at  the  Lizard.  It  is  possible  that  he  may  be  right.  That 
foliated  schists  can  be  so  formed  has  been  shown  by  Mr.  Teall,  and  is  prOTed 
elsewhere  in  Brittany,  as  will  be  seen.  At  the  same  time  I  did  not  myself  see 
in  the  lie  de  Groiz  nearly  such  good  imitations  (if  I  may  use  the  phrase)  of  the 
phenomena  of  bedding  as  there  are  at  the  Lizard.  Moreover,  the  amphibolites 
are  comparatiyely  thin  bands,  often  only  a  few  yards  thick,  and  this  structure 
is  most  conspicuous  in  their  out^er  part,  while  the  hornblende-schists  of  the 
Lizard  are  very  thick. 

t  It  would  be  difficult  to  find  a  more  picturesque  place  than  Quimperle,  or 
a  hotel  more  pleasantly  situated  or  more  comfortable  than  the  Hotel  de  France 
et  d'Angleterre,  where  I  spent  five  days. 
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which  unite  their  waters  at  the  lower  end  of  the  town.  The 
dominant  rock,  for  about  half  a  league  to  the  north  and  rather 
more  than  doable  that  distance  to  tiie  south,  is  a  strong  gneiss 
(miea^'mshute  granitique  of  Barrels),  a  broad  zone  of  which  extends 
across  the  country  in  a  general  W.N.W.  direction.  The  commonest 
variety  may  be  described  as  a  moderately  coarse,  rather  felspathic 
gneiss,  consisting  of  quartz,  reddish  felspar,  and  dark  green  mica, 
the  last-named  mineral  occurring  in  thui  irregular  bands,  with  a 
generally  parallel  arrangement,  so  as  to  produce  a  somewhat  foliated 
structure,  though  the  rock  is  not  markedly  fissile  in  this  direction. 
Macroscopioally  the  rock  recalls  to  mind  some  of  the  Hebridean 
gneisses  of  Scotland,  and  of  the  Laurentian  gneisses  of  Canada. 
Varieties  may  be  noticed.  A  quarry  near  the  river  and  the  viaduct, 
just  below  the  town,  affords  a  good  exposure  of  the  commonest  type. 
Higher  up,  just  beyond  the  last  house,  we  find  a  more  micaceous 
variety,  while,  still  higher  up,  just  within  the  town,  a  quarry  shows 
a  rock  with  but  little  mica,  more  resembling  a  fine-grained  vein- 
granite.  Microscopic  examination  of  the  first-named  rock  shows  it 
to  be  composed  of  quartz,  felspar  (orthodase  and  plagioclase)  a  little 
decomposed,  and  a  dark  olive-brown  mica.  The  wavy  outlines  of 
the  felspar,  the  way  in  which  it  encloses  rounded  grains  of  quartz, 
and  the  general  association  of  the  two  minerals  and  of  the  mica, 
recall  to  mind  a  structure  which,  whatever  be  its  significance, 
characterizes,  so  far  as  I  know,  the  Laurentian  gneisses. 

The  finer-grained  rock  mentioned  above  (quarry  inside  the  town) 
differs,  under  the  microscope,  from  an  ordinary  vein-granite,  and 
exhibits  the  same  arrangement  of  the  quartz  and  ielspar  which 
characterizes  the  gneiss  just  described.  The  only  variations  are 
that  all  the  constituents  are  slightly  smaller  in  size,  there  is  less 
mica,  less  approach  to  a  foliated  structure,  and  perhaps  a  slightiy 
greater  proportion  of  quartz  to  felspar. 

These  rocks,  then,  like  many  of  the  older  gneisses,  give  us  no 
dominant  indication  of  cleavage-foliation,  and  we  may  venture,  I 
think,  to  say  that,  whatever  be  their  genetic  history,  they  belong  to 
the  Laurentian  gneisses,  though  they  may  subsequentiy  have  under- 
gone some  modification.  Foliation  at  the  first  quarry  strikes  a  Uttie 
to  the  eaflt  of  N.N.E. ;  the  dip  is  towards  the  western  side,  and  is 
low,  not  exceeding  15°.  This  structure,  however,  may  be,  in  the 
main,  a  record  of  a  later  disturbance. 

Following  the  road  to  Bannalec  in  a  general  north-west  direction 
we  pass  at  first  outcrops  of  the  above-named  gneiss.  Then  we  find  a 
quarry  in  a  fairly  well-preserved  felspathic  granite  with  two  micas, 
tiie  black  predominating,  and  about  a  furlong  beyond  we  pass  a  vein  of 
rotten  felspathic  granite,  intrusive  in  a  micaceous  gneiss,  the  foliation 
of  which  I  should  regard  as  mainly  the  result  of  cleavage,  and  as 
prior  to  the  intrusion  of  the  granite.  At  a  distance  of  about  2*4 
kilometres  from  the  town  is  a  quarry  in  a  rotten,  rather  fine-grained 
felspathic  granite  (the  granulite  of  Barrois) ;  then  comes  a  schistose 
felspathic  gneiss  (granuliU  seliisteuse  of  Barrois);  the  foliation  if» 
the  latter  appears  to  me  due  to  mechanical  causes.    The  strike  in  a 
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pit  about  5|  kilometres  from  the  town  ia  very  slightly  west  of  north. 
Under  the  microscope  the  foliated  structure  is  distinctly  indicated 
by  wavy  bands  running  across  the  slide,  like  rootlets  growing  in 
the  direction  of  the  lines  of  foliation.  These  are  occupied  by  a 
mixture  of  white  mica,  often  microUthic,  tiny  scales  of  brown  mica 
(occasionally),  an  earthy-looking  mineral,  and  chalcedonic  quartz. 
Between  these  bands  occur  fragments  of  felspar,  an  irregular  mosaic 
of  quartz  and  felspar,  and  larger  scales  of  mica.  Among  the  felspar 
fragments,  which  are  sometimes  a  good  deal  decomposed,  orthoclase 
can,  I  think,  be  recognized,  also  microcline,  and  a  little  plagioclase 
with  lamellar  twinning.  In  the  most  decomposed  felspar  tiny  scales 
of  white  mica  have  often  formed.  It  is  rare  to  find  a  quartz  grain  so 
much  as  0*02  inch  in  diameter,  but  lenticular  aggregates  composed 
of  irregularly  outlined  and  often  flattened-looking  gninules,  just  like 
the  structure  in  a  mica-schist,  are  frequent ;  sometimes  the  majority 
of  the  granules  in  one  of  these  aggregates  show  the  same  tint.  The 
brown  mica  also  often  occurs  in  aggregated  flakes,  and  I  am  inclined 
to  refer  some  associated  white  mica  enclosing  black  flakes  to  an 
alteration  of  biotite.  It  is  to  my  mind  obvious  that  we  have  here 
a  case  of  the  formation  of  a  gneissoid  rock  from  a  fairly  coarse 
granitoid  rock  by  crushing,  followed  by  a  certain  amount  of  mineral 
rearrangement — t.  e.,  a  case  of  cleavage-foliation.  My  impression 
in  the  field,  and  it  is  not  contradicted  by  microscopic  examination, 
was  that  this  gneissic  rock  had  been  devdoped  from  the  granite 
already  described. 

About  one  kilometre  further  is  a  large  pit  in  a  very  different  rock, 
the  hdlleflinte. of  Barrois.  Two  varieties  of  it  occur  here — the  one, 
black,  compact,  with  sharp  subconchoidal  fracture,  behaving  under 
the  hammer  almost  like  flint;  the  other  slightly  schistose  and 
streaky,  rather  grey  in  colour,. and  exhibiting  an  "  augen-structure  " 
on  a  small  scale.  Under  the  hammer  the  latter  is  more  fissile,  and 
does  not  fly  into  such  sharp-edged  chips.  The  banding  is  about 
vertical,  striking  between  E.N.E.  and  E.  Both  rooks  weather  a 
pale  grey  colour,  and  are  much  jointed.  In  the  time  at  my  disposal 
I  could  not  find  any  distinct  line  of  junction  between  the  two 
varieties,  but  in  the  pit  the  grey  rock  certainly  occurs  on  both  sides 
of  the  black.  On  microscopical  examination  the  grey  rock  proves, 
as  I  had  already  suspected,  to  be  a  rhyolite,  in  which  subsequent 
pressure  has  produced  a  slight  schistosity.  We  can  still  recognize 
the  remains  of  a  flow-structure ;  the  "eyes'*  are  porphyritic  crystals 
of  felspar ;  sometimes  they  are  almost  crushed,  sometimes  they  have 
been  sheared,  and  the  one  fragment  pushed  in  advance  and  slightly 
separat-ed  from  the  other.  One  crystal,  now  about  '15  inch  long, 
has  had  its  ends  crushed,  and  the  other  part  split  and  sheared,  so 
that  the  pieces  rest  one  on  the  other  like  a  series  of  slabs  placed  on 
the  slope.  The  rock  does  not  appear  to  have  formerly  contained 
any  large  quartz-grains,  but  two  or  three  flakes  of  white  mica 
resemble  an  original  constituent.  The  crushing  appears  to  have 
acted  nearly  at  right  angles  to  the  actual  flow-structure.  It  has 
developed,  as  usual,  a  minute  filmy  golden-coloured  mineral  (seri- 
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dte?),  arranged  in  slightily  wavy  bands,  whioh  give  the  brightest 
colours  when  placed  at  about  45°  with  the  vibration-planes  of  the 
crossed  nicols.  There  are  some  specks  of  iron  oxide,  and  one  grain 
maj  be  brown  tourmaline.  Of  the  nature  of  the  black  rock  it  is 
difficult  to  be  sure.  There  is,  as  is  common  with  hard,  compact, 
flinty  rocks,  a  want  of  deflniteness  in  its  structure.  It  might 
be  a  glassy  igneous  rock,  modified  by  decomposition  and  other 
mineral  changes,  but  then  we  should  have  expected  that  it  too 
would  have  shown  a  schistose  structure.  The  absence  of  this 
suggests  a  difference  in  origin.  On  careful  examination  I  fancy  I 
detect  faint  indications  of  fragments,  so  that  I  believe  this  to  have 
been  (like  so  many  of  these  h^eflintas)  a  fine-grained  tuff. 

On  one  point  I  feel  certain,  namely,  that  these  two  rocks  have  no 
relation  to  the  gneissic  series  *.  The  alteration  in  them  is  not  more 
than  we  often  find  in  the  lower  Falseozoic  rocks  of  Britain.'  They 
may  be  nearly  parallelled  by  specimens  from  Chamwood  or  from 
Carnarvonshire.  They  may  possibly  be  rather  older  than  our 
Cambrian,  but  they  might  be  later  than  this  formation. 

Beyond  this  pit  occurs  a  felspathic  gneiss  with  deavage-foliation 
like  that  already  described. 

To  the  south  of  Quimperle  the  coarse,  strong  gneiss  continues  for 
some  distance,  and  is  followed  by  "  granite  micaschisteux ; "  then 
comes  a  zone,  some  couple  of  miles  wide,  occupied  by  ''  mka^sMstes^ 
r^arded  by  Dr.  Barrois  as  generally  equivalent  to  the  schistes  a 
Moritcnde  of  the  He  de  Groix.  Little  rock  is  seen  by  the  roadside 
till  the  coast  is  approached.  I  only  noticed  a  very  fissile  mica-schist 
(about  9|  kilometres  from  Quimperle),  which  much  resembles  some 
of  the  Alpine  micanschists,  in  which  crushing  has  produced  a  cleavage- 
foliation,  obliterating  all  earlier  structures.  The  strike  of  the 
deavage-foliation  is  roughly  east  to  west,  and  the  dip  very  high  to 
the  north.  But  on  reaching  the  coast  a  very  interesting  series  of 
sections  is  obtained  at  low  tide,  just  within  the  embouchure  of  the 
Pouldu,  and  along  the  sea-coast  to  the  west. 

The  low  cliffs  in  the  eastern  part  of  this  section  afford  us  repeated 
sections  of  a  very  definitely  banded  gneissoid  rock,  with  some  amphi- 
bolites  and  a  vein  of  felspathic  granite.  The  first-named  rock  con- 
aists  of  bands  of  a  rather  fine-grained  gneiss,  composed  6hiefly  of 
quartz  and  felspar,  with  a  smsdl  quantity  of  a  silvery  mica  of  a 
yellowish-grey  colour,  alternating  with  a  rather  darker  and  coarser- 
grained  rock ;  the  one  somewhat  resembling  a  vein  granite,  the 
other  a  felspathic  gneiss.  The  bands  of  the  former  rock  vary  gene- 
rally from  \"  to  2"  thick;  those  of  the  latter  are  sometimes  only 
about  ^'  thick,  but  are  usually  more,  and  generally  dominate  over 
the  other.  Both  rocks,  but  especially  the  former,  have  a  "  slabby  " 
fracture  parallel  with  the  mineral  banding ;  in  the  latter,  however, 

*  I  speak,  of  oourse,  of  this  particular  haUeflinta.  The  halleftinta  or  jtetro- 
gUex  of  the  "  Promenade  *^  at  Quimper  appeared  to  me  a  result  of  crushing  of  the 
granitoid  rock  which  forms  the  hill,  and  a  slide  which  I  have  had  cut  from 
a  specimen  taken  by  Mr.  Hill  seems  to  me  to  accord  beet  with  this  view ;  at 
any  rate  it  indioates  intense  crushing. 
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the  felspar  often  occnrs  in  rounded  grains  np  to  the  size  of  hemp-seed, 
with  a  greenish-grey  mica  between.  Still  it  is  difficult  to  explain 
the  marked  mineral  banding  of  the  rock,  evidenced  among  other 
things  by  the  solidity  of  the  paler,  and  the  incoherency  of  the  darker 
bands, — exhibited  both  in  their  weathering  and  their  behaviour  when 
hammered,  the  latter  rock  crumbling  to  pieces  like  an  arkose, — ^unless 
we  assume  that  it  existed  prior  to  the  crushing,  and  of  this  I  think 
we  obtain,  at  least  at  one  point,  conclusive  evidence.  As  a  rule  the 
crush-planes  and  apparent  stratification-planes  are  parallel,  both 
striking  roughly  east  to  west,  with  a  dip  of  about  45°  to  the  northern 
side  ;  but  at  one  place  we  have  a  section,  of  which  a  rough  sketch  is 
annexed  (fig.  1).     Here  we  have  the  mineral  banding  perfectly  well 

Pig.  1. — Diagrammatic  sketch  of  Contorted  Banded  Gneiss  at  the 
Embouchure  of  the  Pouldu,     (About  6  feet  high.) 


The  lines  indicate  the  courses  of  the  more  conspicuous  quartz-felspar  bands ;  the 
interspaces  the  more  micaceous  parts,  which  haye  a  rude  ckarage  parallel 
with  the  arrow. 

Fig.  1  A. — SmaU  portion  of  one  of  the  Contortions  shown  in  Fig.  1, 
about  8  inches  in  diameter^  showing  the  quartz-felspar  hands 
with  occasix)nal  crachs  parallel  with  cleavage^  the  dotted  part  being 
the  more  cleaved  micaceous  bands. 


defined,  and  forming  a  series  of  loops,  the  axes  of  which  are  paralle 
with  the  usual  direction  of  the  banding  and  cleavage-planes,  but  at 
the  top  and  bottom  of  the  loops  the  bands  "  wriggle  "  across  the 
direction  of  cleavage.     Throughout  the  darker  bands  the  cleavage 
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runs  roughly  parallel  with  the  axes  of  the  loops,  bnt  where  they 
make  with  it  the  largest  angle  it  is  least  definite,  and  here  trans- 
verse cracks,  apparently  giving  relief  from  strain,  traverse  the 
lighter  bands. 

I  have  examined  slices  cut  from  four  varieties  of  this  series,  two 
of  them  representing  the  above-described  varieties  taken  at  the 
*'  wriggle,"  the  third,  a  slab  rather  intermediate  between  the  two 
varieties,  and  the  fourth  a  coarser  kind  which  exhibits  very  distinct 
banding,  zones  of  mica  alternating  with  febpathio  layers,  from  a 
quarter  to  half  an  inch  or  more  wide. 

The  principal  minerals  in  the  first  rock  are  felspar,  quartz,  mica, 
iron  oxide,  and  an  earthy-looking  substance  which,  for  brevity,  I 
will  call  ferrite.  The  first  two  are  by  far  the  most  abundant,  and 
the  felspar  rather  exceeds  the  quartz.  The  felspar  appears  to  be 
orthoclase ;  at  any  rate,  the  lamellar  twinning,  usually  characteristic 
of  plagioclase,  is  absent.  The  felspar  occurs  in  rather  elongated 
grains  of  irregular  outline  (Fl.  XYU.  hg,  1);  many  of  these  show 
a  cleavage  roughly  perpendicular  to  the  longer  axis  of  the  grain. 
The  larger  grains  are  much  interrupted  by  inclusions  of  quartz, 
usually  very  dear.  The  form  of  these  varies  much :  sometimes  they 
are  rounded  or  oval  spots,  occasionally  one  or  more  of  the  boundaries 
is  rectilinear,  and  they  sometimes  tend  to  be  arranged  in  ill-defined 
streams  in  the  direction  of  the  longer  axes  of  the  felspar ;  thus  at 
first  sight  parts  of  the  slide  might  be  taken  for  a  kind  of  mosaic  of 
rather  small  independent  grains  of  quartz  and  felspar,  but  on  apply- 
ing the  nicols  the  uniformity  of  tint  indicates  the  not  unfroquent 
presence  of  a  single  crystal  of  felspar  interrupted  by  the  quartz 
grains.  There  are  also  some  elongated  streaks  of  quartz  formed  of 
a  few  long  interlocking  grains  which  show  strain-shadows.  The 
quartz,  too,  tends  to  parallelism  in  the  direction  of  its  grains,  and, 
speaking  of  the  slide  as  a  whole,  the  minerals  exhibit  a  rather 
general  uniformity  of  tint,  as  if  this  arrangement  held  throughout 
in  the  individual  constituents.  The  mica,  of  which  there  is  very 
little,  is  sometimes  brown,  sometimes  olive-grey;  irregular  wavy 
cracks,  marked  out  by  ferrite,  traverse  the  slide  roughly  in  the 
direction  already  mentioned.  The  minerals  in  the  second  slide  are 
the  same,  except  that  there  is  less  quartz  and  a  good  deal  of  an 
olive-grey  mica,  in  flakes  often  about  *03  inch  long.  There  are  also 
some  smaller  flakes  of  brown  mica.  As  in  the  last  slide,  the  felspar 
grains  are  interrupted  by  secondary  quartz.  Cracks,  indicated  by 
ferrite,  traverse  the  slide,  giving  p8ui»  of  it  almost  the  aspect  of  a 
true  frogmental  rock.  The  third  slide  contains  similar  minerals,  the 
mica  occurring  in  fairly  thick  and  well-defined  bands.  In  the  fourth 
the  arrangement  is  similar,  but  the  quantity  of  mica  in  different  parts 
of  the  slide  is  variable,  and  in  parts  there  is  marked  evidence  of 
crushing. 

The  mica  described  above  is  of  a  pale  olive-grey  colour,  sometimes 
almost  colourless,  often  streaked  with  darker  lines  and  with  plates 
(hsDmatite  ?)  between  the  deavage-planes.  It  is  slightly  dichroic, 
and,  notwithstanding  its  paleness,  I  am  disposed  to  regard  it  as  an 
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altered  biotite*,  which  mineral  in  an  unaltered  oondition  may  be 
occasionally  detected. 

Just  within  the  embouchure  a  very  singular  rock  occurs,  associated 
with  the  ordinary  gneiss,  and  overlying  a  band  of  amphibolite.  It 
is  very  fissile,  and  appears  to  consist  of  flatcened  lumps,  seemingly 
of  white  felspar,  spotted  with  quartz,  in  a  grey  schistose  micaceous 
matrix.  The  junction  with  the  overlying  gneiss  is  slightly  irregular, 
and  the  bed  seems  rather  variable  in  thickness.  On  examination 
with  the  microscope  I  find  its  relations  with  the  gneiss  to  be  closer 
than  I  had  anticipated  in  the  field.  The  matrix  consists  of  a  mica 
similar  to  that  in  the  gneiss,  alternating  with  thin  bauds  of  quartz. 
Both  have  evidently  undergone  much  disturbance.  Some  quartz, 
which  is  minute  and  chalcedonic,  is  certainly  of  secondary  origin ; 
but  the  larger  grains  appear  to  belong,  like  the  larger  mica  fiakes, 
to  an  earlier  stage  in  the  history  of  the  rock,  as  though  it  had  been 
broken  up  and  recemented.  The  'dumps''  exhibit  the  same  com- 
pound structure  as  has  been  already  described  in  the  felspar  of  the 
gneiss,  but  the  quartz  inclusions  are  more  numerous  and  the  felspar 
is  less  characteristic.  In  one  grain  these  lines  of  inclusions  appear 
to  be  bent  into  a  series  of  arches,  the  points  of  which  lie  in  a  line 
roughly  parallel  with  the  foliation.  Another  grain  appears  to  have 
been  broken  up  and  recemented. 

These  rocks,  then,  afford  unequivocal  indications  of  mechanical 
disturbance,  undergone  after  they  had  assumed  a  crystalline  con- 
dition, and  followed  by  some  amount  of  mineral  rearrangement. 
There  are  also  marked  indications  of  mineral  rearrangement  on  a 
larger  scale,  and  it  is  an  interesting  question  how  far  that  is  anterior 
or  posterior  to  the  crushing.  As  the  bands  of  mica  and,  to  some  ex- 
tent, the  inclusions  of  quartz  are  parallel  with  the  lines  of  cleavage,  it 
might  be  urged  that  these  also  had  indirectly  resulted  from  the  same 
cause.  But  to  my  eye  the  bulk  of  the  mica  has  every  appearance  of 
being  an  original  constituent.  It  is  sometimes  twisted,  pushed,  and 
tumbled  about,  or  the  ends  of  the  flakes  have  a  ''pinched-up"  look; 
the  lines  of  fracture  often  cut  completely  through  the  felspar-crjs- 
tals  with  their  quartz-inclusions  t,  and  the  fragments  are  occasion- 
ally separated  and  displaced  (PI.  XYII.  fig.  2).  Hence,  though 
I  should  admit  that  a  certain  amount  of  mineral  deposition  and  re- 
crystallization,  especially  in  regard  to  the  quartz,  has  occurred  since 
the  crushing,  I  believe  that  when  this  happened  the  rock  was  already 
foliated.  Indeed,  apart  from  microscopic  examination,  I  could  not 
otherwise  explain  the  discordance  of  the  mineral  banding  and  the 
cleavage  already  described.  We  have,  then,  here  another  case  of  a 
cleavage-foliation  impressed  upon  a  rock  already  foliated.  What  is 
the  history  of  this  earlier  foliation  our  present  knowledge  does  not 

*  The  "  bleaching '*  being  due  to  the  concentration  of  iron  oxide  in  the  cleavage- 
planes.  Cf.  the  changes  which  have  been  described  in  hjpersthene  and  oliTine. 
Hence  the  mica  has  been  changed  from  a  magnesia-potash-iron  mica  to  a 
magnesia-potash  mica  (perhaps  hydrous). 

t  The  uniform  tint  of  these  inclusions  suggests  that  they  are  secondary  and 
what  is  oflen  called  quarte  de  corrosion ;  but,  as  stated,  I  cannot  regard  these  as 
posterior  to  the  crushing. 
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enable  ub  to  say.  I  will  only  remark  that  it  is  difficult  to  explain 
this  marked  mineral  banding  without  assuming  some  original  differ- 
ences  of  arrangement  in  the  constituents  of  the  primary  rock. 

These  gneissose  rocks  form  the  irregular  coast-lino  to  the  sandy 
bay  of  Kerselec,  but  we  find  an  interesting  variation  before  reaching 
a  headland  occupied  by  an  old  fort.  Here  is  a  band  of  mica-schist, 
perhaps  40  feet  thick;  it  distinctly  underlies  the  banded  series 
already  described,  and  overlies  a  less  banded  series  resembling  a 
coarser  part  of  the  upper  rock,  but  rather  greener  in  colour.  A 
similar  rock  may  be  seen  at  the  top  of  the  cliffs  near  a  signal-station, 
and  by  the  fort  just  beyond  is  a  darkish  green  gneissic  rock*.  The 
mica-schist  has  a  general  resemblance  to  that  at  the  Start  Point 
(S.  Devon),  and  has  obviously  undergone  deavage-foliation.  This, 
however,  is  parallel  with  the  bedding  of  the  rockt.  In  the  sandy 
bay  above  mentioned  we  have  more  or  less  banded  gneissic  rock 
resembling  that  which  is  already  described. 

Bands  of  '' amphibolite "  occur  at  intervals  along  the  coast. 
These,  according  to  the  French  map,  are  three  in  number,  and  two 
of  them  are  marked  as  extending  from  the  embouchure  of  the  river 
to  the  sandy  bay.  Between  these  is  indicated  a  band  of  serpen- 
tine ;  this,  however,  I  did  not  see.  The  amphibolites  appeared  to 
me  undoubtedly  intrusive  rocks ;  for  though  they  had  a  general  con- 
cordance with  the  mineral  banding  of  the  gneiss,  I  occasionally 
detected  them  distinctly  cutting  across  it  (fig.  2),  and  I  further 

Fig.  2.— -4<  the  Embouchure  of  the  Pouldu. 


Banded  gndaB,  the  darker 
shades  representing  the  more 
micaceous  layers. 


B.  Amphibolite,  crushed  and  sohistose, 
but  far  less  regularly  banded  than  A. 


believe  that  the  gneiss  was  already  foliated  when  the  intrusion  t^ok 
place,  but  that  the  mechanical  disturbance  which  has  affected  the 
gneiss  has  produced  distinct  schistosity  in  the  amphibolites. 

I  have  examined  specimens  of  two  of  these  amphibolites  from  the 
western  side  of  the  peninsula,  one  rather  coarse,  the  other  compact 

*  The  former  of  these,  and  perhaps  also  the  latter,  is  yery  likely  a  continua- 
tion of  the  beds  mentioned  on  the  shore,  but  I  had  not  time  to  prove  this. 

t  Owing  to  the  fissile  character  of  the  rock  it  is  practic-Ally  impossible  to 
obtain  a  sufficiently  thin  section  for  accurate  microscopic  examination.  Parts 
of  it  are  almost  opaque  from  the  abundance  of  a  black  mineral,  which,  as  in  the 
specimens  from  the  Start,  is  probably  partly  graphite,  partly  iron  oxide ;  there 
is  a  white  mica,  and  some  brown,  and  a  fair  amount  of  a  diohroic  greenish 
mineral,  rather  like  the  chloritoid  of  the  lie  de  Groiz. 
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and  very  distinctly  schistose.  The  principal  minerals  in  the  former 
are  hornblende,  chlorite,  epidote,  felspar,  quartz,  8phene(?),  and 
probably  hsBmatite.  The  rock  has  a  somewhat  foliated  sl^ctore, 
the  bulk  of  the  first  three  minerals  being  associated  in  rough  wavy 
lines,  inosculating  to  form  a  rude  network,  and  the  interspaces  being 
occupied  by  f  eUpar-  or  quartz-grains,  across  which  are  "  trailed  " 
small  insulated  crystals  of  hornblende,  epidote,  or  chlorite.  No 
polysynthetic  twinning  is  exhibited  by  the  supposed  felspar,  and  it  is 
exceedingly  difficult  to  distinguish  some  of  it  from  quartz.  The 
constituents  of  the  more  compact  rock  appear  to  be  the  same,  but 
they  are  much  smaller  in  size,  though  the  hornblende-crystals  are 
sometimes  larger  than  the  rest.  This  mineral  is  not  of  so  deep  a 
green  as  in  the  other  rock.  I  suspect,  though  I  have  not  been  able 
to  prove  it,  that  a  light-coloured  variety  of  augite  is  also  present. 
A  rough  parallelism  of  the  constituent  minerals,  without  much  ten- 
dency to  banding,  is  very  conspicuous.  From  the  slide  alone  one 
would  have  identified  the  rock  as  a  hornblende-schist  without  hesi- 
tation. In  these  specimens  molecular  rearrangements  appear  to 
have  entirely  obliterated  the  lines  of  cleavage,  which  have  remained 
so  conspicuous  in  the  associated  rocks*. 

Though  I  twice  visited  this  locality,  I  was  not  able  to  carry  my 
examination  further  than  the  Bay  of  Kers^ec,  and  then  could  only 
examine  the  headland  forming  its  eastern  boundary  from  the  top  of 
the  clifGs,  their  base  being  washed  by  the  sea.  Its  western  boundary, 
however,  according  to  the  French  map,  repeats  the  sections  which  I 
have  already  described. 

A  section  on  the  Belon  river  to  the  south-west  of  Quimperl^  is  of 
so  much  interest  that,  although  at  some  distance  from  the  line 
described  above,  I  will  briefly  notice  it.  The  new  road,  descending 
to  a  ferry,  passes  over  a  coarse  gneissoid  granite,  which  is  weU  ex- 
posed on  the  shore  below.  Above  the  ferry-house  is  a  fine-grained 
mica-schist,  dark  grey  in  colour,  with  a  marked  foliation,  striking 
slightly  south  of  west,  nearly  vertical,  but  perhaps  dipping  on  the 
northern  side.  Just  below  the  ferry-house  are  several  small  vein- 
like intrusions  of  fairly  coarse  granite,  and  further  down  the  estuary 
we  reach  the  main  mass  of  the  granite.  The  effects  of  pressure  on 
the  intrusive  granite  are  very  interesting.  The  whole  has  been 
affected  by  cleavage-foliation.  A  vein,  comparatively  thin,  and 
lying  perpendicular  to  the  pressure,  has  been  still  further  elongated ; 
one  transverse  to  it,  or  thick  in  section,  has  been  distorted  or  zig- 
zagged (fig.  3).  The  normal  mica-schist  or  micaceous  gneiss  consists 
of  quartz,  biotite,  a  white  mica  (in  rather  smaller  scales),  and  a 
granular  mineral,  probably  felspar  rather  decomposed,  with  one  or 
two  small  garnets.     It  has  evidently  uudergone  compression,  subse- 

*  Near  the  most  northern  of  the  amphibolites  a  dyke  of  felspathio  fine- 
grained granite  {micro-gramUiiey  Barrois)  cuts  right  across  the  strike  of  it  and 
the  banded  gneiss.  It  is  much  decomposed,  contains  either  two  felspars  or 
crystals  of  a  felspar  in  a  felspathic  base,  no  great  amount  of  quartz,  and  black 
mica,  some  in  well-dcTeloped  hexagonal  plates.  I  hare  not  examined  it  with 
the  microscope.  It  shows  no  signs  of  bemg  crushed.  According  to  the  map 
this  dyke  occurs  at  intervals  for  about  a  mile  along  the  west  bank  of  the  river. 
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qaent  to  the  crystallization  of  its  constitnents  ;  but  the  indications  of 
cmsliing  are  not  quite  so  clearly  marked  as  I  had  anticipated,  some 
of  the  biotite  having  escaped  with  little  change.  I  should  conjecture 
that  the  rock  was  originally  a  rather  fine-grained  micaceous  gneiss, 
fairly  homogeneous  in  structure,  and  that  the  pressure  had  been 
oblique  to  the  original  foliation.  The  results  of  crushing  are  far 
more  marked  in  the  granite.  It  has  evidently  been  a  coarse-grained 
rock,  composed  of  quartz,  felspar,  and  mica.  Farts  of  the  slide  show 
where  the  rock  has  been  utterly  crushed,  and  consist  of  a  sort  of 
mosaic  of  quartz,  decomposed  felspar,  and  mica.  In  other  parts 
large  fragments  of  the  original  felspar  crystals  still  remain.    Where 

Fig.  3. — Smatt  intrusions  of  Coarse  Oranite  in  a  Micaceous  Gneiss, 
both  showing  effects  of  pressure.  Near  the  Ferry  House,  Belon 
River.    (Size  about  6J  by  2J  feet.) 


at  first  sight  there  appear  fair-sized  grains  of  quartz,  application  of 
the  nicols  shows  these  to  be  composite  in  structure,  though  often  one 
tint  predominates  in  the  constituent  grains.  Eecementation,  how- 
ever, is  complete ;  but  the  borders  (that  ib,  we  may  presume,  the 
cementing  material)  are  often  differently  coloured  from  the  grains 
on  either  side.  The  brown  mica  forms  irregular  lenticular  bands 
lying  in  the  general  direction  of  the  cleavage.  It  is  rare  to  find  a 
flake  '02  inch  long.  Commonly  the  bands  are  made  up  of  aggregated 
flakes  about  -01  inch  long  or  less.  Here  and  there  is  a  fair  amount 
of  a  white  mica ;  part  may  be  a  true  secondary  product,  but  some,  I 
think,  is  only  an  alteration  form  of  the  biotite.  I  feel  convinced 
that  these  streaks  of  biotite  owe  their  origin  to  a  crushing  up,  per- 
haps sometimes  to  a  crushing  together,  of  the  large  flakes  which 
existed  in  the  unaltered  granite.  I  may  remark  that  both  in  the 
mica-schist  and  in  the  granite  reconsolidation  appears  rather  un- 
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usually  complete.  A  specimen  of  granite  from  the  hillside,  ohtained 
from  a  cutting,  and  so  unweathered,  recalls  to  mind  some  of  the 
granitoid  rocks  associated  with  the  oldest  Archaeans.  I  may  add 
that,  even  in  the  thin  veins,  the  granite  is  almost  as  coarse  as  in 
the  mass,  and  yet  the  adjacent  mioa-sohist  shows  no  appreoiahle 
alteration. 

(3)  Boseoff  and  Morlaix  District. 

The  low  cliffs  and  skerries  on  the  shore  on  the  west  side  of 
Boscoff,  a  quaint  little  sea-port,  some  sixteen  miles  to  the  north- 
west of  Morlaix,  exhibit  sections  of  great  interest.  The  following 
rocks  occur : — (1)  Banded  gneiss ;  (2)  a  moderately  coarse-grained 
porphyritic  granite,  rather  dark  in  colour ;  (3)  a  rather  fine-grained 
and  lighter-coloured  granite ;  (4)  amphibolite. 

(1)  This  gneiss  is  a  rather  fine-grained  rock,  consisting  (macro- 
scopically)  of  quartz,  felspar,  and  mica,  chiefly  black.  The  banding 
is  very  distinct,  and  is  brought  out  in  weathering,  one  set  of  layers 
containing  more  quartz  and  less  mica  than  the  other.  Thus  the 
former  are  paler  in  colour,  of  a  yellowish  or  reddish-grey  tint ;  they 
yield  slowly  and  uniformly,  and  project  in  little  slabs ;  the  latter 
are  a  dull  or  brownish  grey,  they  crumble  away,  and  develop  a 
fissile  structure.  The  annexed  sketch  may  save  a  longer  description 
(fig.  4).    The  more  quartzose  layers  are  often  rather  less  than  ^", 

Fig.  4.— ^«  Roscoff.    (Length  about  7  feet.) 


B^A, 


'f^  1  QuarUo-felsptithio  bands,    with 
79  I         some  mioa,  slightly  foliated. 


b' 


More  micaceous  bands,  with  much 
more  appearance  of  crushing. 


but  they  are  found  up  to  2"  or  3",  and  occasionally  more  than  12!' ; 
the  micaceous  layers  are  thicker,  and  a  micaceous  streak  not  seldom 
occurs  in  the  thicker  quartzose  bands.  They  appear  to  pass  into 
one  another,  but  the  change  is  rapid.  The  beds  are  a  good  deal 
twisted,  but  the  general  strike  appeared  to  me  between  W.S.W.  and 
8.W.,  with  a  dip  of  about  60°  on  the  southern  side.  There  are, 
especially  in  the  micaceous  layers,  indications  of  a  cleavage-foliation 
coinciding  with  the  stratification-foliation.  One  crag,  however, 
beautifully  illustrates  the  independence  of  these  structures.  Here 
a  roll  has  brought  the  stratification-foliation  to  make  a  low  angle 
with  the  horizon,  and  the  cleavage  can  be  discerned  maintaining  its 
normal  direction  and  cutting  across  it  (see  fig.  5). 
The  chief  constituents  of  these  rocks  are  quartz,  felspar,  and  a 
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dark  olive-brown  mica,  with  an  occasional  crystalline  grain  of  tonr- 
maline  and  of  a  mineral  which  I  have  not  succeeded  in  identifying*. 
The  quartz  and  the  felspar  grains  have  the  subangular  or  subrotund 
outlines  which  seem  to  be  characteristic  of  the  older  gneisses,  and 

Pig.  5.— At 


A-B.  Lines  of  mineral  banding. 
C-D.  Lines  of  slight  rude  cleavage. 

the  former  are  occasionally  distinctly  elongated,  with  a  slight  linear 
association,  and  have  some  appearance  of  strain-polarization.  Among 
the  felspars  plagioclastic  twinning  is  seen,  but  many  grains  are  un- 
twinned.  The  mica  occurs  in  well-developed  flakes,  often  about 
•02  inch  long  or  rather  less.  They  have  a  fair  thickness  perpen- 
dicular to  the  basal  plane,  the  proportions  in  the  sections  being  about 
1  to  4.  They  lie  roughly  parallel  with  the  mineral  banding.  The 
crystals  are  well  developed,  and  do  not  generally  appear  compressed 
or  crushed  at  the  edges.  In  the  more  micaceous  layers  there  is  also 
a  marked  diminution  in  the  quartz,  and  plagioclastic  twinning  is 
much  more  common  in  the  felspar.  There  is  also  more  of  the 
unidentified  mineral.  This  gneiss  appears  to  be  very  little  affected 
by  the  intrusion  of  the  porphyritic  granite.  A  slice  cut  from  a  spe- 
cimen taken  from  within  4  or  5  inches  of  a  junction  does  not  differ 
appreciably  from  apparently  normal  specimens ;  and  even  at  a  junc- 
tion where  the  granite  interpenetrates  and  appears  to  be  fused  into 
the  gneiss,  the  latter  in  parts  of  the  slide  retains  its  normal  character. 
Yet  the  ^anite  is  fairly  coarse  and  porphyritic  to  the  last,  so  that 
the  temperature  of  the  surrounding  rock  must  have  been  high  during 
the  solidification  of  the  former.  Hence  I  conclude  that  the  latter 
had  assumed  its  present  mineral  condition  before  the  intrusion  of 
the  granite.  In  the  case  where  a  faint  cleavage  is  seen  crossing  the 
stratification-foliation,  both  the  quartz  and  the  felspar,  especially  in 
the  larger  grains,  indicate  strains.  Many  parts  of  the  slide  have  a 
peculiar  fragmental  aspect,  not  as  if  there  had  been  absolute  crush- 
ing, but  as  though  the  grains  had  been  separated,  slightly  displaced, 
and  recemented ;  indeed,  I  am  almost  certain  that  sometimes  two  or 

*  It  occurs  sometimes  in  roundish  grains,  but  sometimes  in  imperfect  prisms, 
angles  about  120^  being  occasionally  shown.  In  texture  and  famt  bluish  tint 
it  a  little  resembles  apatite.  It  seems  to  have  two  imperfect  cleaTages,  nearly, 
if  not  quite,  at  right  angles.  It  encloses  rarely  brown  mica,  zircon  (?),  and 
cavities,  and  it  shows  (also  rarely)  a  brown  decomposition-product.  It  is  rather 
feebly  doubly  refracting,  which  adds  to  the  difficulty  of  aetermination ;  but  I 
Uiink  it  is  not  uniaxial. 
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three  grains  have  once  formed  portions  of  a  larger  one.  The  mica- 
flakes  also  appear  often  as  if  they  had  heen  twisted  out  of  their 
original  position,  and  the  hands  themselves  are  sometimes  rather 
rumpled.  In  short,  the  microscopic  structure  of  the  rock  recalls 
that  which  I  have  ohserved  in  other  gneisses  and  schists  which  have 
been  exposed  to  a  pressure  not  sufficient  to  develop  a  marked  cleavage- 
foliation. 

(2)  The  largest  mass  of  the  porphyritic  granite  is  near  the  eastern 
end  of  the  section  examined.  The  same  rock,  I  believe,  forms  the 
numerous  skerries  and  tors  east  and  south-east  of  the  town.  This 
granite  cuts  both  the  amphibolite  and  the  gneiss  *,  being  completely 
welded  to,  and  sometimes  including  strips  of,  the  latter.  As  said  above, 
it  is  coarsely  crystalline  up  to  the  junction-surface ;  one  would  there- 
fore suppose  that  it  cooled  slowly.  Microscopic  examination  shows 
it  to  consist  of  quartz,  felspar,  brown  mica  (partly  altered  here  and 
there  into  a  green  mineral),  and  a  little  apatite  and  iron  oxide. 
Some  of  the  felspar  is  orthoclase,  which  is,  in  places,  much  altered, 
being  replaced  by  minute  kaolinitic  and  micaceous  minerals ;  but 
plagioclase  is  more  common,  showing  lamellar  and  "pericline'^ 
twinning.  The  rock  has  sometimes  a  slightly  foliated  aspect,  and 
under  the  microscope  shows  indications  of  disturbance,  though  this 
is  less  marked  than  in  the  gneiss  and  the  amphibolite  f. 

(3)  The  fine-grained  granite  occurs  in  irregular  dykes,  cutting 
right  across  the  banding  of  the  gneiss,  and  including  fragments  of 
the  porphyritic  granite  (fig.  6).    In  one  case,  at  its  junction  with 

Fig.  ij.—At  Eoscof. 


A.  Gneiss, banding  very  distinct;  lighter 

lajers,  sometimes  full  ^  inch  thick. 

B.  Mne-grained  granite. 


0.  Included  fragment  of  dark  por- 
phyritic granite. 
D.  Quartz-felspar  vein. 


*  In  one  case  it  has  lifted  up  and  bent  into  a  curre  the  top  bands  of  the 
gneiss. 

t  One  or  two  grains  show  "  corrosion  quartz,**  and  in  others  the  lamellar 
twinning  occurs  in  a  part  of  a  ^ain  only,  near  to  a  slight  bend,  which  seems 
favouraSe  to  Professor  Judd*s  view  of  this  twinning  being  sometimes  doe  to 
subsequent  mechanical  action. 
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the  gneiss,  it  is  bordered  by  a  quartz-felspar  vein,  sometimes  banded 
with  tourmaline.  The  "  vein  "  seems  to  "  muddle  up  "  with  the 
granite,  but  is  sharply  divided  from  the  gneiss,  into  which  it  sends  an 
o£&hoot.    This  granite  exhibits  no  signs  of  mechanical  disturbance. 

(4)  The  amphiboHte  is  a  dark  hornblendic  rock,  sometimes  con- 
taining black  mica.  In  some  places  it  seems  to  be  interstratified 
with  the  gneissio  rock,  but  as  the  thickness  is  variable,  and  it  occa- 
sionally cuts  obliquely  across  the  bands  of  the  other,  I  consider  it 
intrusive,  though  it  not  seldom  follows  planes  of  an  earlier  foliation. 
A  more  or  less  foliated  structure,  which  is  parallel  with  that  domi- 
nant in  the  gneiss,  is  visible  in  the  different  masses ;  there  is  no 
indication  of  a  contact-metamorphism  in  the  latter,  and  I  fully 
believe  that  the  gneiss  was  a  foliated  rock  when  the  <^  amphiboHte  ^ 
was  intruded,  but  that  both  were  afterwards  subjected  to  considerable 
pressure.  A  specimen  of  the  amphibolite,  which  macroscopically 
closely  resembles  the  darker  more  homogeneous  varieties  of  the 
hornblende-schist  at  the  Lizard,  has  for  its  dominant  mineral  a  dark- 
green  hornblende,  exhibiting  strong  dichroism.  The  cleavages 
parallel  to  oop  are  well  developed,  and  crystal  faces  oop  and 
OOP* 00  are  not  rare.  The  grains  commonly  measure  -02",  or  a 
little  less,  in  the  direction  of  the  vertical  axis,  and  rather  less  than 
*01"  in  the  direction  of  the  dino-diagonal.  A  colourless  mineral, 
sometimes  slightly  "  powdered  '^  with  ferrite,  which  has  consolidated 
after  the  hornblende,  comes  next.  It  is  difficult  to  be  sure  whether 
this  is  quartz  or  felspar,  but  the  latter  mineral  is  present.  A  little 
biotite,  a  few  grains  of  iron  oxide,  a  dirty-looking  mineral  which  I 
think  probably  an  impure  epidote,  and  some  small  crystalline  grains 
which  I  take  to  be  sphene  also  occur ;  thus  the  resemblance  of  this 
rock  to  some  of  the  Lizard  hornblende-schists  is  very  striking. 

Gneiss  and  granite,  as  above  described,  are  traversed  by  the  rail- 
way some  little  distance  to  the  south  of  Eoscoff,  and  are  then 
succeeded  by  slaty  rock.  Morlaix  affords  excellent  opportunities 
for  studying  the  effects  of  pressure  and  of  igneous  intrusion  on 
ordinary  sedimentary  rock*.  The  deep  and  craggy  valley  in  which 
Una  quaint  old  town  nestles  by  the  riverside,  the  quarries,  the  road- 
side cuttings,  and  even  the  blocks  in  the  rough-built  walls  which 
prop  up  the  terraced  gardens,  afford  endless  studies  of  the  results  of 
pressure.  The  dominant  rock  formerly  consisted  of  a  dark  clay 
closely  interbanded  with  grey  silt  or  fine  earthy  sand.  As  a  rule  the 
bands  of  the  latter  do  not  now  exceed  1",  and  are  often  thinner.  The 
former  are  often  over  1",  and  sometimes  the  argillaceous  rock  is  free 
from  the  sandy  bands.  The  planes  of  cleavage  and  of  stratification 
are  very  commonly  coincident,  but  the  bands  indicative  of  the  latter 
constantly  zigzag  and  wriggle  across  the  former.  The  sandy  bands 
only  exhibit  a  faint  cleavage ;  hundreds  of  examples  illustrate  how 
they  thicken  in  one  part  of  a  crumple  and  attenuate  in  another 
under  the  alternating  action  of  thrusts  and  strains.  Cleavage  is 
highly  developed  in  the  dark  bands ;  its  surface-planes  are  often 

*  Br.  Le  Hir  (Bull.  Soc.  G6ol.  Fr.  2*  B&r.  t.  xxviii.  p.  87)  conaidere  the  rook 
about  Morlaiz  to  be  of  DeTonian  age. 

aJ.G.S.  No.171.  8 
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Batmy,  and  freqnenUj  nunpled  or  wavy.  A  minute  filmy  mica 
(sericite  ?)  has  been  developed,  -with  rntile  &o. ;  but  every  obange  is 
miciomineralogical,  not  greater  than  may  be  seen  in  the  Fakeozoic 
rocks  of  Wales  or  of  S.  W.  England,  in  the  Jurassic  or  Carboniferous 
slates  of  the  Alps,  or  in  the  Cambrian  of  the  Ardennes.  The  rock, 
at  most,  can  be  called  a  phyllite ;  it  is  perfectly  distinct  from  one  of 
the  true  crystalline  schists  already  described.  Still  it  is  both  inter- 
esting and  instructive  to  observe  how  dose  are  the  superficial  struc- 
tural resemblances  of  these  banded  slaty  rocks  and  some  of  the 
banded  cr^'stalline  schists.  Eocks  might  be  found  at  Morlaix  which 
in  a  photograph  (but  only  in  a  photograph)  would  be  undistinguish- 
aUe  from  some  of  the  banded  and,  presumably,  less  ancient  schists 
of  the  Alps  or  other  similar  regions.  In  one  quarry  on  the  Hud- 
goat  road  (near  the  town)  I  obtained  an  excellent  example  of  a 
second  cleavage,  formed  by  a  crumpling  of  the  ordinary  cleavage- 
layers,  which  here  very  probably  agree  with  the  stratification— a 
true  ^^AuswdchungscUvageJ* 

The  effects  of  contact  metamorphism  are  also  beautifully  exhibited 
in  many  places.  Sometimes,  however,  it  is  surprisingly  slight.  A 
dyke  of  f elsite  north  of  the  town  *  barely  indurates  and  does  not 
bleach  the  dark  slaty  rock  adherent  to  it ;  in  another  place,  east  of 
the  town,  we  find  a  vein  of  moderately  coarse  granite  converting  a 
dull  grey  slate  into  a  greenish-coloured  '*  poroellanite."  Ali^ut 
Chapel  du  Mur,  chiastolite  and  a  minute  blad:  mica  are  developed ; 
and  in  one  place  I  found,  in  a  black  "  phyllite/'  crystals  of  chiastolite 
full  *2"  wide  and  an  inch  or  more  longf.  The  Huelgoat  road  also 
affords  some  exceUent  illustrations  of  contaot-metamorphism,  which 
I  have  examined  with  the  microscope.  They  lead,  however,  into 
more  than  one  interesting,  but  rather  wide-reaching  question,  so 
that  I  think  it  better  on  the  present  occasion  to  content  myself  with 
this  brief  notice,  and  to  recur  to  them  in  a  future  communication. 
Suffice  it  to  say  that  the  mineral  changes  in  the  most  highly  altered 
among  them  resemble  those  which  have  been  described  in  the 
Skiddaw  slates  near  the  granite  of  Sinen  Gfill,  and  that  these  results 
of  contact-metamorphism  differ  greatly  from  the  gneisses  and  schists 
commonly  considered  of  Archsdan  age,  and  such  as  are  described  in 
this  paper,  though  possibly  they  may  furnish  us  with  some  valuable 
suggestions  as  to  the  genesis  of  the  latter. 

Conduswn. 

My  work  in  Brittany,  of  which  I  have  now  described  the  more 
complete  portions,  leads  me  tx)  the  following  condusions : — 

(1)  That  the  great  central  folded  trough  of  Lower  Palsdozoic 

*  The  dyke  is  about  4  feet  thick.  In  the  field,  I  took  it  for  a  microgniDulite, 
but  the  part  in  contact  with  the  slate  appears,  under  the  microscope,  to  have 
been,  if  not  glassy,  not  more  than  ciyptocrystalline.  The  junction  and  some 
included  fragments  of  the  slate  p^oye  that  to  have  been  deayed  and  to  haye 
become  a  "phyllite"  prior  to  the  intrusion. 

t  I  failed  to  find  good  sections,  and  chiefly  examined  loose  blocks,  so  cannot 
say  how  near  these  were  to  intrusive  rock.  These  rocks  had  a  general  resem- 
blance to  the  altered  rooks  of  Skiddaw. 
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locks  is  bounded  on  the  north  and  south,  and  is  probably  underlain 
continuously,  by  gneisses  and  schists. 

(2)  Both  the  Palaeozoic  and  the  older  series  have  been  pierced  by 
various  igneous  rocks,  of  more  than  one  geological  age,  some  being 
even  later  than  the  last  great  earth-movements. 

(3)  The  intrusive  igneous  rocks  have  in  some  cases  greatly  altered 
the  Palseozoic  rocks,  but  appear  to  have  produced  little  effect  upon 
the  gneisses  and  schists. 

(4)  The  action  of  contact-metamorphism  on  the  Palseozoic  sedi- 
ments does  not  produce  rocks  which  resemble  the  presumably  Archaaan 
gneisses  and  schists. 

(5)  The  action  of  pressure-metamorphism  on  PalaDOZoic  sediments 
has  in  no  case  produced  a  rock  which  is  liable  to  be  confounded  with 
the  gneisses  and  schists  of  Archaean  type*. 

(6)  Although  in  certain  cases  igneous  rocks  have  been,  in  conse- 
quence of  these  mechanical  actions,  converted  into  gneisses  or  schists, 
yet  many  of  the  gneisses  and  schists  evidently  were  true  foliated 
rocks  anterior  to  the  above  earth-movements,  and  the  latter  rocks 
exhibit  structures  very  analogous  to  those  of  stratification.  At  any 
rate,  even  if  they  be  only  igneous  rocks  modified,  this  modification 
was  most  probably  anterior  to  the  commencement  of  the  Palaeozoic 
age. 

Further,  the  close  mimicry  of  stratification  indicated  by  repeated 
mineral  banding  in  the  gneissic  series,  not  in  rare  and  solitary  spots, 
but  over  considerable  areas  and  in  widely  separated  districts,  makes 
it  difficult  to  understand  how  this  can  be  explained  by  any  rolling- 
out  of  a  complication  of  veins  of  igneous  rocks  rather  diverse  in 
composition.  The  absence,  from  the  best-preserved  among  these,  of 
structures  which  are  known  to  be  characteristic  of  igneous  rocks,  or 
are  indicative  of  crushing,  and  the  presence  of  structures  definite  in 
kind,  whatever  be  their  significance,  suggests  that  either  the  meta- 
morphism  from  which  the  preseut  condition  of  the  rock  resulted 
must  be  carried  back  to  a  very  remote  past,  presumably  before  Palae- 
ozoic times  began,  or  there  must  be  some  uziknown  peculiarity  in  the 
genetic  history  of  the  rocks  themselves. 

(7)  Hence,  making  every  allowance  for  the  various  efiects  of  the 
above  disturbances,  there  is  to  be  found  in  Brittany,  as  maintained 
by  Dr.  Barrois  and  other  French  geologists,  a  great  fundamental 
mass  of  true  Archaean  rock,  that  is,  of  rock  which,  whatever  be  its 
genetic  history,  had  become  what  we  should  call  gneiss  and  schist 
before  the  earliest  Cambrian  rocks  were  deposited  f. 

•  It  ifl  true  I  did  not  see  the  lowest  group  in  the  Brittany  Cambrians,  the 
Sehistes  de  Si.  Lo,  but  Mr.  BSirs  description  of  the  section  of  the  Lower  0am- 
brians  at  Orozon  (on  the  sea-ooast,  soutn  side  of  the  inlet  near  Brest)  was  so 
clear  that  I  deemed  it  needless  to  spend  a  day  in  visiting  it.  The  rook  at  Brest 
is  a  rather  micaceous  gneiss,  of  very  ancient  upect. 

t  Ifote,  June  6,  18OT. — After  this  paper  had  been  read,  I  received  a  copy  of 
a  note  on  the  French  excursion  to  Brittany  by  Professor  de  Lapparent  ^iev. 
Scient  1887,  p.  38).  He  concludes  his  description  with  this  distinct  expres- 
sion of  opinion : — "  La  Bretagne  d^montre-t-eile,  d'une  manidre  indiscutable, 
Texistence  d'un  terrain  normal  de  gneiss  et  des  sohistes  cristallins,  ant^rieur  i 
la  86rie  sedimentaire.    Oe  terrain  est  remarquable  par  la  persistance  de  sa  oom- 

z2 
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Two  other  points  of  yet  wider  interest  claim  onr  special  attention. 
One  is  the  remarkable  lithological  similarity  between  many  of 
the  aboye-described  rocks  and  those  which  in  other  areas  are,  with 
more  or  less  certainty,  identified  as  Arch»an.  The  banded  gneiss  of 
the  Pouldu  and  of  Eo6Coff,especially  the  latter,con8tantly  reminded  me 
of  the  more  typical  members  of  the  '*  grannlitic  "  series  at  the  Lizard. 
Both  also,  but  especially  the  former  (where  the  results  of  pressure 
are  more  marked),  sometimes  recalled  some  members  of  the  *<  newer 
gneiss"  of  the  Highlands,  especially  those  which  occur  some  distance 
away  from  the  northern  outcrop.  Both,  again,  often  reminded  me  of 
some  of  the  finer-grained  rocks  among  the  indubitable  Hebrideans 
of  Gairloch  and  the  Laurentians  of  Canada.  In  some  parts  of  Brit- 
tany (as  at  Quimperle)  I  was  also  reminded  of  the  coarser  gneisses 
in  die  last-named  country,  of  the  coarser  Hebrideans  of  Scotland, 
and  of  rocks  which,  in  the  Alps  and  elsewhere  in  Europe,  are  believed 
to  be  their  representatives.  Sometimes,  moreover,  I  observed  mica- 
schists,  which  might  be  matched  in  the  Alps,  in  Scotland,  and  other 
European  localities.  Dr.  Barrois  and  other  French  geologists  con- 
sider these  Breton  rocks  to  be  Archsean,  and  I  cannot  doubt  that 
they  are  right.  It  may  be  wiser  to  abstain  at  present  from  specu- 
lation as  to  the  significance  of  these  coincidences,  but  at  any  rate 
they  are  facts  which  must  have  some  meaning,  and  which  it  would 
be  unphilosophical  to  ignore. 

The  other  point  is  the  close  geological  resemblance  between 
Brittany  and  the  south-west  of  England.  In  each  district  we  have  a 
mass  of  PalsBOzoic  sediments,  up  to  the  Carboniferous,  resting  on  a 
floor  of  Archssan  rocks.  Each  district  has  been  afiected  by  great  earth- 
movements,  of  which  the  most  clearly  marked  in  either,  at  the 
present  time,  seems  to  have  closed  the  Carboniferous  epoch  of  sedi- 
mentation. Each,  omitting  minor  flexures,  forms  a  broad  synclinal ; 
between  these  was  an  anticlinal,  now  occupied  by  the  sea,  from 
which  only  a  few  fragments  of  the  basal  rock-masses  project.  To 
the  north  of  the  English  districts  is  another  anticlinal,  occupied  by 
the  Bristol  Channel,  followed  by  the  synclinal  of  the  South-Wales 
Coalfields.  Hence,  towards  the  end  of  the  Palaeozoic  period,  a  great 
Highland  mass  must  have  existed  in  this  Franco- British  regioui 
which,  even  if  we  leave  out  of  consideration  the  South-Wales  area, 
was  not  less  than  300  miles  wide  across  the  general  strike  of  the  folds. 
To  its  altitude  we  have  no  clue,  but  its  breadth  must  have  exceeded 
that  of  the  Alps*,  and  probably  it  extended  westward  beyond  the 
south-western  angle  of  Ireland,  while  traces  of  it  can  be  followed 

position,  en  quelque  lieu  du  elobe  qn'on  robwnre.  Ce  n'est  que  par  une  exten- 
sion tout  k  fait  amisiTe  de  Tid^  du  m^tamorphisme  qu'on  a  pu  penser  paHbis 
k  supprimer  les  Bchistes  cristallins  de  la  a^rie  chronologique,  pour  n*y  Toir 
qu'une  modification  capable  d'affecter  des  sediments  d'&ge  qaelconque.  Pour 
tout  esprit  non  pr^venu,  les  fait  obserT^  en  Bretagne  nous  semblent  de  nature 
k  donner  le  ooup  de  gdloe  &  oette  manidre  de  voir." 

*  The  breadth  of  the  folds,  and  the  not  unfrequent  absence  from  considerable 
parts  of  the  district  of  a  marked  deayage-foliation  at  a  high  angle,  suggests 
that  the  yertical  eleyation  of  the  chain  may  have  been  less,  oomparatiTely  speak- 
ing, than  in  the  Alps. 
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eastwardfl  to  beyond  the  Rhine,  more  than  35^  of  longitude.  Yet  the 
Bea  now  flows  where  Bome  of  its  highest  snmmits  may  have  risen ;  its 
only  record  is  preserved  in  the  low  plateaux  and  comparatiyely  humble 
bills  of  Cornwall  and  Devon,  of  the  Channel  Islands,  and  of  Brittany. 
Millions  of  cubic  yards  of  rook  must  have  been  removed  by  denuda- 
tion, which  must  have  helped  to  form  the  conglomerates,  sandstones, 
and  clays  of  the  Secondary  and  Tertiary  deposits  of  Southern  England 
and  North-western  France.  like  the  Alps,  this  great  mountain 
massif  consisted  of  a  foundation  of  presumably  Ajcluean  crystalline 
rocks,  which,  after  undergoing  extensive  denudation  during  a  long 
interval  of  time,  was  affected  by  a  downward  bending  of  the  earth  s 
crust,  and  received  great  accumulations  of  sediment,  obtained,  no 
doubt,  by  the  destruction  of  more  remote  portions  of  the  ancient  land- 
surfaces*,  and  then  the  whole,  by  new  earth-movements,  probably 
in  new  directions,  was  again  upheaved ;  the  fundamental  crystalline 
rocks,  both  igneous  and  "  metamorphic,"  were  folded  and,  in 
places,  crushed  so  as  to  assume  a  cleavage-foliation,  while  the  softer 
and  newer  sedimentaries  were  more  markedly  plicated,  were  often 
cleaved,  and  in  some  places  underwent  other  modifications  from 
intense  pressure.  But  in  the  Alps,  although  there  appears  to  have 
been  a  precarboniferous  movement  of  some  importance,  the  great 
downward  bending  did  not  commence  till  at  least  some  time  after 
the  mountain-making  process  had  ceased  in  the  other  region.  The 
one  great  geo-syncHnal  is  of  Palaeozoic,  the  other  is  of  Mesozoic  age. 
The  one  mountain-mass  belongs  to  the  dose  of  the  Palseozoic,  tiie 
other  hardly  began  before  the  commencement  of  the  Cainozoic,  and 
was  in  process  of  making  during  the  earlier  half  of  that  period.  As 
yet,  sufficient  materials  hardly  exist  for  the  classification  and  corre- 
lation of  the  greater  earth-movements  which  have  modified  the 
physical  structure  of  the  European  region,  but  they  are  gradually 
accumulating,  and  cannot  fail  some  day  to  lead  to  most  important 
results. 

EXPLANATION  OF  PLATE  XVU. 

Ffgi  1.  Section  oat  from  one  of  the  more  quartso-felspathic  layers  in  tha  etm- 
torted  banded  gneiss  at  the  estuary  of  Le  Fouldo.  (  X  27.) 
The  figure  shows  one  of  the  elongated  irreffular  mins  of  felspar  con- 
taining indusions  of  quartz  (left  white),  and  with  Indications  of 
cleaTage-planes  roughly  at  right  angles  to  the  longer  axis  of  the 
ffrain.  This  lies  in  a  ground-mass  of  granules  of  quartz  and  felspar 
(chiefly),  the  latter  sometimes  occurring  in  elongated  streaks.  (See 
p.  309.) 

Fig.  2.  Section  cut  from  one  of  the  more  micaceous  layers  in  the  aboye-named 
rock.  (X  27.) 
The  figure  shows  the  elongated  felspar  grains  (aa  in  fig.  1)  broken  and 
displaced.  The  rock  contains  crystals  of  mica  of  fair  size  and 
apparently  original  constituents,  in  the  direction  of  which  the  cracks 
trayersing  the  slide  often  run. 

(For  the  Discussion  on  this  paper  see  p.  335.) 

*  On  this  subject  there  is  a  suggestive  paper  by  Dr.  Barroisin  Ann.  Soc.  G6ol. 
Nord,  t.  xi.  p.  278.  The  centraJ  area  (that  now  occupied  by  the  western  part 
of  the  English  Channel)  appears  to  have  remained  longest  above  water. 


Digitized  by  LjOOQ IC 


322  BET.  B.  HILL  ON  THB  BOOKB  OT 


24.  The  RooKB  of  Samc,  Hebu,  and  Jethou.  By  the  Eev.  E.  Bjll, 
M.A.,  F.G.8.,  Fellow  and  Tutor  of  St  John's  College,  Cam- 
bridge.   (Bead  March  23, 1887.) 

CoirrEifTs. 

1.  Introdaotion. 

2.  The  Homblende-Bchuta. 

3.  The  Oreux-Harbour  Gneiss. 

4.  The  OTsrlving  Granitic  Book. 
6.  Veins  and  Dykes. 

6.  Herm  and  Jethou. 

7.  General  Conclusions. 

1.  Introdiiction. —  Sark,  more  fortunate  than  Guernsey,  has  the 
advantage  of  a  good  sketch  map,  which  was  published  by  Professor 
Liveing  in  vol.  iv.  of  the  *  Proceedings  of  the  Cambridge  Philoso- 
phical Society.'  The  account  of  the  geology  which  accompanies 
that  map  notices  the  principal  feature,  one  singular  and  possibly 
unique,  namely  a  series  of  conspicuously  banded  hornblendic  schists 
between  an  upper  and  an  under  gneissose  series ;  that  is  to  say, 
there  seems  to  be  a  series  which  is  presumably  stratified  in  the 
midst  of  apparent  gneiss.  Thinking  that  such  a  succession  might 
throw  light  on  some  problems  of  "  metamorphism,"  I  undertook  a 
careful  examination  of  the  island ;  and  the  widespread  interest  now 
taken  in  '  ArchsBan '  rocks  emboldens  me  to  give  a  brief  account  of 
my  results.  I  owe  a  debt  of  gratitude  to  Professor  Bonney  for  fre- 
quent and  invaluable  help. 

The  appended  map  (fig.  1)  shows  a  diamond-shaped  area  about  two 
miles  long  by  one  and  a  half  broad,  united  at  its  southern  end  by  a 
narrow  isthmus  to  another  about  one  mile  long.  This  neck,  called 
the  Coup^,  200  feet  above  high-water  mark  and  about  8  feet  wide 
at  the  summit,  is  one  of  the  island  sights.  The  weather  is  rapidly 
cutting  it  down,  and  but  for  the  roadway  built  up  along  its  knife- 
edge  the  two  areas  would  by  this  time  be  practically  separate.  Even 
between  two  of  my  visits  a  landslip  had  seriously  increased  the 
degradation.  Previous  writers  have  pointed  out  that  the  same 
action  in  a  less  advanced  stage  is  proceeding  at  the  northern  ex- 
tremity (by  the  cleft  leading  to  the  Boutiques  Caves) ;  while  on  the 
west  the  separation  of  Brecqhou  is  complete,  and  on  the  east  rocks 
called  the  Burons  are  relics  of  the  final  stage.  But,  in  truth,  the 
like  has  been  happening  all  round  on  every  side  ;  islets,  rocks,  and 
shoals  in  almost  every  direction  are  witnesses  of  the  progress  of 
destruction.  The  rock,  though  hard,  is  traversed  by  numerous 
fissures  (usually  faults  of  small  throw),  and  to  these  are  principally 
due,  as  well  this  destruction  as  also  the  abounding  pillars,  arches, 
and  caverns  which  give  to  the  scenery  of  Sark  such  singular 
charms.  Guernsey  boasts  but  a  single  cave  of  importance,  while 
Sark  has  several  of  the  first  order,  and  not  a  bay  there  is  without 
two  or  three  of  at  least  some  interest  and  beauty. 
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Fig.  1. — Geological  Sketch  Map  of  Sark  and  Neighbawring  hleU. 
(Scale  1  inch  to  1  mile.) 


^irtpuriu 


Creuz-Harbour  gneiss. 
Homblende-sohist. 
Ghranitio  rock. 


The  interior  of  the  island  is  a  tableland,  of  which  the  highest  point,  375  feet 
above  the  sea,  is  at  the  MilL  The  cliffs  rise  in  general  to  about  20O  feet, 
but  on  the  north  and  south,  and  also  on  the  west  of  Breoqhou,  there  are 
slopes  down  to  the  sea.  The  base  of  the  cliffs  is  seldom  accessible,  and 
except  in  a  few  of  the  bays  no  beach  of  any  kind  exists. 
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2.  The  ffomhlende-schigts, — ^The  hornblendeHScliists,  which  form 
the  greateBt  part  of  the  island,  may  be  studied  in  any  of  the  acces- 
sible  bays,  but  most  conveniently  at  Port  du  Moulin,  on  the  north- 
west coast,  where  they  are  also  most  typically  displayed.  Here 
cliffs  about  150  feet  in  height,  with  an  aperture  pierced  near  their 
summit  and  a  quarry  at  a  somewhat  higher  level,  give  full  oppor- 
tunities of  examination.  The  rock  is  beautifully  banded  in  alter- 
nate dark  and  pale  layers,  which  are  often  so  fine  and  thin  that  an 
inch  will  contain  four  or  five.  The  pale  stripes  are  the  narrower, 
and  consist  of  felspathic  material,  with  some  occasional  quartz.  The 
darker  bands  consist,  to  the  extent  of  two  thirds  at  least  and  some- 
times almost  entirely,  of  hornblende  in  fine  irregular  grains,  perhaps 
about  '02  inch  in  longer  diameter.  At  the  base  of  the  cliff  the 
homblendic  bands  thicken  up  to  a  foot  or  so,  and  have  less  admix- 
ture of  other  constituents.  Their  grains  are  coarser,  reaching 
^  inch ;  and  a  parallelism  in  their  lie  gives  a  silky  lustre  on  surfaces 
when  split.  In  some  of  the  lowest  beds  occur  patches  of  aggregated 
lustrous  black  hornblende,  in  pieces  |  inch  long ;  as  these  are  sur- 
rounded by  a  whitish  border  they  are  probably  segregations.  The 
general  parallelism  of  the  layers  is  not  everywhere  complete ;  some 
laminsB  are  of  varying  breadth,  others  even  lenticular ;  here  and  there 
a  layer  inclines  down  towards,  and  unites  with,  that  below ;  thus 
there  are  indications  of  current-bedding,  and  these  are  confirmed  by 
a  section  in  the  cliff  at  the  northern  comer  of  the  bay,  so  clear  and 
large  as  to  leave  no  room  for  doubt  (fig.  2). 


Pig.  2. — "  FdUe-hedding  "  finely  shown  in  Hornblende- schists  at  the 
north-east  comer  of  Port  du  Motdinj  SarJc.  (Height  about 
12  feet.) 


f 

The  beds  here,  at  Port  du  Moulin,  lie  almost  horizontal;  the 
very  gentle  dip  they  have  is  westerly. 

The  beds  of  nearly  pure  hornblende  just  described  lie  in  perfect 
conformity  and  continuity  upon  a  thick  bed  of  somewhat  different 
appearance.  This  is  composed,  to  nearly  half  its  i^mount,  of  felspar 
in  grains  of  about  |  inch  across,  hornblende  being  only  the  second 
constituent  in  amount ;  black  mica  also  occurs  plentifully  in  rather 
minute  flakes.  At  Port  du  Moulin  a  thickness  of  about  10  or  15  feet 
of  this  bed  is  exposed  at  low  tide,  but  in  a  bay  ^  mile  further 
south  there  is  as  much  as  30  or  40  feet ;  no  lower  rock  can  be  seen  at 
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ather  place,  and  in  each  direction  the  dip  carries  it   gradually 
out  of  sight. 

The  description  ahove  given  of  the  series  serves  with  sufficient 
correctness  for  the  whole  of  the  western  coast,  from  Les  Autelets 
to  La  Goup^  and  for  the  beds  on  the  island  of  Brecqhou.  The 
diflb  of  this  iron-bound  coast  are  very  difficult  of  descent;  they 
give  a  continuous  section,  but  rarely  grant  a  view  of  it ;  however, 
the  outcrops  along  their  upper  edge  show  no  more  differences  than 
weathering  would  naturally  cause.  In  the  Havre  Gosselin  (where 
landings  are  effected  by  an  iron  ladder  up  a  rock,  foUowed  by  a  cliff 
scaled  with  the  aid  of  ropes)  the  banding  is  not  conspicuous,  but 
will  be  seen  on  examination.  At  Port  es  Saies  (where  also  a  rope 
assists)  the  beds  are  banded  just  as  at  Fort  du  Moulin,  save  that 
the  bwds  are  somewhat  thicker.  The  dip,  which  was  W.  at  Fort 
du  Moulin  and  almost  nothing,  is  W.S.W.  about  20°  at  Havre 
Gosselin  and  Fort  es  Saies,  and  veers  still  more  towards  the  south 
as  the  Coupee  is  approached.  Just  beyond  this  the  beds  dip  at  an 
angle  of  30^  due  south,  and  pass  below  a  higher  formation,  to  be  here- 
after described,  l^orth  of  Fort  du  Moulin  the  dip-directions  have 
some  north  in  them,  and  the  disappearance  takes  place  in  the  same 
manner  beyond  Les  Autelets,  but  in  a  cleft  which  appears  inacces- 
sible, so  that  the  succession  cannot  so  well  be  observed. 

The  series  as  seen  on  the  east  coast  is  essentiaUy  the  same  as  on 
the  west.  There  are  the  same  alternate  bands  of  homblendic  and 
felaitic  materials,  only  the  texture  is  somewhat  more  sandy,  and 
the  bands  not  nearly  so  minute ;  the  stripes  range  up  to  an  inch  or 
two  of  pale  and  a  foot  or  so  of  dark.  One  specimen  I  have  (from 
Dixcart  Bay)  is  very  coarsely  crystalline,  and  somewhat  reminds 
me  of  some  of  the  coarsest  felspathic  grits  of  Chamwood.  The  b^ds 
are  best  seen  in  Dixcart  Bay,  and  in  the  less  accessible  Bay  Berrible 
(or  Terrible),  where  a  natural  shaft  (the  Greux  Derrible)  gives  a  clear 
vertical  section  of  more  than  100  feet.  One  or  two  more  quartzose 
beds,  2  or  3  feet  thick,  not  unlike  some  of  the  Lizard  granitoid  beds, 
occur  in  the  bay  south  of  the  Eperqueries,  and  must  therefore  belong 
to  the  summit  of  the  system.  At  the  Lizard  there  are  successively 
in  descending  order  a  series  including  granitoid  beds,  a  homblendic 
series,  and  a  micaceous  series.  In  Sark  we  find  a  homblendic 
series,  with  a  few  more  quartzose  beds  near  its  summit,  and  low 
down  (at  Fort  du  Moulin)  a  thick  mass  containing  a  good  desi  of 
mica.  The  similarity  is  curious,  but  can  scarcely  be  more  than  a 
ooincidende. 

Bound  the  Bay  Derrible  the  dip  is  N.N.W.,  but  in  general  along 
the  east  coast  the  beds  incline  westward  in  directions  that  radiate 
from  the  Greux  harbour,  the  easternmost  point  of  the  island.  As 
the  highest  point  of  Sark  is  375  feet  above  the  sea,  these  beds  have 
a  thickness  of  at  least  400  feet ;  allowing  for  the  dips,  600'  seems 
probable,  and  there  is  a  possibility  of  very  much  more. 

The  question  of  course  suggests  itself,  What  is  the  origin  of  these 
beds  ?  I  do  not  see  how  this  uniform  alternation  of  varying  ma- 
terials, with  parallelism  nearly  perfect,  yet  occasionally  intermpted. 
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and  with  varying  thicknesses^  so  nearly  horizontal  over  so  great  an 
area,  with  such  a  freedom  from  disturbance,  can  possibly  be  due  to 
anything  except  successive  deposition,  which,  however,  need  not 
necessarily  have  been  subaqueous.  The  series  bears  an  extremely 
dose  resemblance  to  the  hornblende- schists  of  the  Lizard.  I  have 
not,  however,  detected  any  of  the  "  eyes ''  of  felspathic  material  de- 
scribed by  Professor  Bonney,  nor  such  minute  and  perfect  current- 
bedding  as  is  figured  in  his  paper  (Q.  J.  G.  S.  vol.  xxxix.  pp.  1-24). 
He  mentions  there  the  suggestion  that  the  schists  may  be  altered 
tuffs.  IXow  if  the  question  be  asked,  Can  you  show  a  source  for  the 
material  ?  no  answer  can  be  given  at  the  Lizard,  but  in  Sark  it  is 
possible  to  make  a  suggestion.  The  singular  mass  of  intrusive  rock 
described  in  my  paper  on  Guernsey  as  homblende-gabbro  is  distant 
from  Sark  only  six  or  seven  miles,  and  consists  of  materials  dosely 
akin  to  these.  Some  of  my  specimens  from  Guernsey  are  scarcely 
distinguishable  from  some  epecimens  of  the  very  black  layers  from 
the  beach  at  Port  du  Moulin,  and  the  segregation-patches  mentioned 
above  have  much  in  common  with  the  *'  sun-bumeid  *'  patches  of  the 
<  Birdseye.'  1  have  not  succeeded  in  finding  any  evidence  of  in- 
cluded fragments  or  agglomeratic  structure ;  however,  a  distance  of 
six  miles  is  enough  to  account  for  the  absence  of  all  but  rather  fine 
materials. 

1^0  cleavage  exists,  another  point  of  resemblance  to  the  Lizard. 
About  halfway  down  the  valley  which  leads  to  the  Creux  Harbour 
the  usual  N.W.  dips  are  replaced  for  a  few  yards  by  a  very  steep  dip 
to  the  N.E. ;  thus  there  seems  to  be  a  roll.  At  the  south  side  of  the 
Point  Terrible  the  beds  are  crumpled  just  over  a  cave.  On  the  south 
side  of  the  island  of  Brecqhou  the  beds  sbow  some  contortions 
about  two  or  three  hundred  yards  before  they  dip  under  the  superior 
rocks.  The  last  two  instances  are  only  visible  from  a  boat.  All 
these  indicate  a  nip  between  east  and  west  forces  ;  this  agrees  with 
the  structure  of  tbe  Guernsey  gneiss  and  the  appearances  in  the  rook 
of  Jethou.  There  are  also  some  contortions  which  have  different 
directions  in  the  bay  |  mile  south  of  Port  du  Moulin  and  at  the 
vanishing  point  on  the  north-west  coast.  These  may  be  owing  to 
either  faults  or  intrusions,  both  of  which  are  at  hand  in  both  places. 

3.  The  Cretuc  Harbour  ChfieUs. — The  directions  of  dip  throughout 
the  hornblende-schist  series,  with  exception  of  the  brief  roll  just  men- 
tioned, are  all  more  or  less  westerly,  and,  taken  as  a  whole,  radiate 
from  the  easternmost  point  of  the  island.  Accordingly  on  the 
eastern  side  we  should  seek  for  the  base  of  the  series  *.  We  find 
it.  Let  the  visitor  just  landed  on  the  pier  detach  his  eyes  from  the 
singularity  of  the  scene,  and  scrutinize  the  southern  side  of  the  cliff- 
wall  which  enciroles  the  spot.  He  will  see  about  halfway  up  the 
face  a  group  of  horizontal  stripes,  which  subsequent  examination 
shows*  to  be  part  of  the  hornblendic  series.  But  the  rock  beneath 
these  is  of  entirely  different  aspect,  homogeneous  and  massive. 

Examined  in  hand-specimens  this  lower  rock  is  highly  crystalline,  of 
moderate  coarseness.  It  consists  of  pink  and  flesh-coloured  felspar  in 
*  Prof.  LiyeiDg  places  the  bwest  beds  at  Port  da  Moulin. 
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grains  of  0*1  or  0*2  inoh  in  diameter,  wbioh  often  aggregate  together, 
glassy  quartz  of  like  size,  and  black  or  dark  green  hornblende.  The 
mioroscope  adds  to  these  sphene  and  apatite.  In  colour  and  degree 
of  coarseness  it  is  not  nnli^e  some  Leicestershire  syenites  from  the 
Enderby  and  Sapoote  group.  Thus  it  might  be  called  a  granite, 
but  for  its  very  decided  structure,  which  is  visible  even  in  hand- 
specimens  as  a  parallelism  of  the  grains  and  a  tendency  in  the 
felspar  to  aggregate  along  pcurallel  surfaces.  In  the  lower  part  of 
the  cliff  this  is  especially  conspicuous ;  for  the  structure  weathers 
out  into  well-marked  lines  which  indicate  a  dip  of  30°  in  a  N.W. 
direction.  We  may  thus  designate  our  subject  of  investigation  a 
syenitic  gneiss  with  a  rather  rude  foliation.  The  rock  passes  out  to 
sea,  and  appears  to  constitute  the  Burons,  the  Grand  Moie,  and 
possibly  other  isolated  rocks.  Southwards  from  the  harbour  it 
furnishes  the  face  of  the  cliffe  up  to  within  a  few  feet  from  their 
crest  all  the  way  to  Point  Terrible,  where  it  ceases  abruptly, 
l^orthward  it  forms  the  base  of  the  clifiGs  for  a  short  distance,  but 
sinks  entirely  out  of  sight  some  distance  before  Point  Eobert.  Thus 
practically  it  can  be  examined  only  at  the  harbour ;  in  a  walk  along 
the  cliffs  the  foot  treads  nothing  but  schists ;  and  as  the  appearances 
of  dip  differ  little,  I  do  not  wonder  that  many  visits  had  been  paid 
to  the  island  by  others  and  by  myself  before  the  discovery  was 
made  that  here  is  a  new  and  different  series. 


Fig.  3. — Homhlende-^hists  overlying  Ghneiss,  seen  across  a  cleft 
in  the  Oliff  north  of  Point  Terrible. 


The  relations  between  this  gneiss  and  the  overlying  schists  are  not 
altogether  easy  to  establish.  The  junctions,  though  fully  exposed, 
are  all  nearly  or  quite  inaccessible.  By  passing  along  the  cliff  edge  and 
venturing  down  some  rather  steep  grass  slopes  a  very  near  view  can 
be  obtained  across  clefts  (fig.  3),  and  the  harbour  cliffs  give  an  ex- 
cellent section  (fig.  4).  The  dip  of  the  gneiss  is  exactly  N.W.,  while 
that  of  the  schists,  so  far  as  it  can  be  estimated,  is  rather  more  nearly 
W.  The  passage  from  the  one  to  the  other  is  everywhere  abrupt 
and  definite  to  the  eye.  The  highly  quartzose  gneiss  must  have  had 
a  very  different  origin  from  the  quartzless  homblendic  rocks.  The 
nature  and  thickness  of  the  immediately  overlying  beds  seem  to  vary 
at  different  spots ;  and  those  in  actual  contact  with  the  inferior 
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rock  are  often  lenticular  or  lie  irregularly  upon  it.  The  height 
of  the  junction  above  the  sea  varies  greatly,  but  this  plainly  is  for 
the  most  part  due  to  faults.  On  the  whole  almost  all  the  appear- 
ances point  to  an  unconformable  overlie,  none  are  inconsistent  with 


Fig.  4. — Bomblende-tehists  overlying  QneisSj  Crewe  Harbour,  8ark» 


ity  and  I  am  convinced  that  this  is  the  true  account.  The  only 
appearance  in  favour  of  conformity  is  the  rough  general  agreement 
in  the  dips  of  the  two  series.  But  I  would  suggest  that  the  bedd^ 
structure  in  the  gneiss  may  not  be  original,  but  one  which  has 
been  developed  by  pressure,  the  pressure  being  in  this  case  probably 
the  weight  of  a  superincumbent  mass. 

4.  T7u  Overlying  Oranitic  Rock. — It  has  been  mentioned  that  at 
both  extremities  of  Sark  the  hornblende-schist  series  disappears 
below  other  rocks;  the  same  also  takes  place  in  the  island  of 
Brecqhou  on  the  west.  These  superior  rocks  are  coarsely  crystalline, 
containing  hornblende  and  white  felspar  in  grains  0*1  or  0*2  inch 
long,  quartz  often  but  not  always,  and  black  mica  occasionally, 
especially,  I  think,  where  decomposition  is  in  progress.  The  felspar 
shows  i^agioclase  striping,  sometimes  even  to  the  unaided  eye. 
Much  of  the  quartz  is  clearly  secondary,  occurring  along  strings  and 
cracks,  but  much  is  in  ordinarily  distributed  grains.  The  texture 
is  very  highly  crystalline,  as  much  so  as  that  of  any  ordinary  syenite 
or  diorite.  The  structure  and  jointing  are  massive  and  irregular ; 
there  is  no  general  appearance  of  bedding,  nor  any  uniformity  of  divi- 
sional planes.  Especially  at  the  south  end  of  Little  Sark  dark  nodes 
occur,  sometimes  lenticular  or  oval,  sometimes  almost  spherical,  which 
consist  of  hornblende  with  some  felspar  in  grains  much  smaller  than 
those  of  the  main  mass.  These  appearances  are  all  characteristics  of 
an  igneous  origin.  Nevertheless  these  rocks  have  been  described  as 
metamorphic  gneiss,  and,  as  will  be  seen,  not  without  a  good  deal  of 
justification,  for  the  rock  generally  possesses  a  rude  cleavage  or  ten- 
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dency  to  foliation.  These  struotures  sometimes  appear  vertical  with 
N.-S.  strike,  but  at  PortGoury  on  Little  Sark  there  is  aplaty  structure 
which  dips  at  about  30°  to  the  south,  just  as  bedding  ought  to  do, 
and  at  the  extreme  north  end,  close  to  La  Grune,  a  similar  structure 
slopes  gently  to  N.E.,  also  a  natural  direction  for  bedding  in  that 
place.  Again,  wherever  lenticular  nodes  occur  their  longer  axes 
agree  in  direction  with  these  structures,  and  though  the  rock  is 
usually  very  homogeneous,  yet  occasionally  long  stripes  show,  and 
these  too  lie  in  the  positions  which  strata  might  be  expected  to 
occupy.  Some  of  these  streaks  are  well  developed  at  the  extreme 
north  end,  on  the  slope  leading  down  to  the  sea-neck.  They  are 
finer-grained  than  the  mass  of  the  rook ;  some  are  pink,  some  dark, 
some  show  a  banded  surface.  They  may  reach  several  feet  in  length, 
with  depth  not  exceediug  an  inch  or  two.  I  could  not  bring  away 
a  good  specimen ;  but  a  specimen  taken  from  near  Les  Boutiques 
shows  a  marked  streaky  structure.  This  last  is  such  as  might 
result  from  crush,  but  I  hardly  think  the  pink  seams  above  described 
could  be  due  to  that  cause.  They  are  so  long  and  thin  that  one  can 
hardly  believe  them  to  be  caught-up  fragments  *.  There  is  a  large  dyke 
near,  of  which  some  might  be  offshoots ;  but  no  connexion  is  visible. 
I  thbik,  however,  that  this  is  the  origin  of  some,  and  it  is  quite 
possible  that  all  these  suggested  causes  may  have  had  shares  in  the 
appearances,  and  have  produced,  some  one,  some  another.  But  on 
the  hypothesis  that  these  crystalline  rocks  are  metamorphosed  sedi- 
ments, then  these  seams  should  be  the  last  remnants  of  the  stratified 
structure,  and  they  are  certainly  explained  more  easily  thus  than  on 
the  igneous  theory. 

Each  hypothesis,  then,  presents  considerable  difficulties.  In  hope 
of  deciding  the  doubt,  I  endeavoured  to  examine  carefully  every 
visible  junction  with  the  underlying  beds.  There  are  six  cliff- 
sections,  four  in  Sark,  two  in  Brecqhou,  none  of  them  easily 
accessible.  The  least  difficult  is  that  on  the  west  side  of  Little 
Sark  t.  Here,  except  at  high  tide,  the  meeting  of  the  two  rocks 
can  be  well  seen  in  the  base  of  the  cliff.  The  beds,  highly  hom- 
blendic,  dip  S.  at  about  40° ;  the  upper  rock  has  but  little  appear- 
ance of  structure ;  between  the  two  is  a  zone  of  intermixture  about 
10  feet  wide,  within  which  tongues  and  lenticular  portions  of 
crystalline  rock  are  intermingled  with  the  schist ;  but  the  general 
direction  of  the  surface  of  junction  agrees  with  that  of  the  bedding- 
planes.  A  diorite-dyke  close  to  the  junction  confuses  some  of  the 
indications.  The  evidence  on  the  whole  is  in  favour  of  the  upper 
rock  being  igneous,  but  I  did  not  consider  it  conclusive. 

The  two  northern  junctions  appear  to  be  faulted.  That  on  the 
west  cliffs  is  beyond  the  north  corner  of  the  bay,  near  Les  Autelets, 
and  appears  to  be  in  a  cleft  which  a  climber  cannot  reach.  There  are 
some  fallen  blocks  close  to  this  deft  which  seem  certainly  to  contain 

*  Yet  at  Kersoou,  N.  of  Morlaix,  I  was  shown  in  1886  a  ribbon  of  schist 
30  feet  long  and  only  1^  wide,  torn  off  and  imbedded  in  granite. 

t  A  landslip  has  carried  away  the  old  path  to  the  beach  at  the  Ooup^ ;  a 
descent  can  be  effected  by  a  grassy  couloir  just  beyond  the  neck. 
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a  rock  intruded  into  schists,  but  the  intruder  cannot  be  clearly 
identified  with  the  overlier.  So  far  as  a  boundary  can  be  traced  on 
the  steeps  above,  this  is  sinuous  and  irregular.  It  is  lost  on  the 
grassy  summit  of  the  island,  but  reappears  on  the  eastern  side,  and 
the  junction  may  be  seen  at  low  tide  without  much  difficulty  a  little 
south  of  the  Eperqueries.  At  the  comer  of  the  bay  is  a  natural  arch, 
and  here  on  the  side  of  the  passage  the  line  of  meeting  can  be  traced 
in  an  excellent  section.  On  close  scrutiny  crystalline  rock  seems 
to  have  broken  up  and  run  into  schist.  But  at  this  place  also,  as  if 
to  baffle  inquiry,  a  dyke  and  a  fault  come  together,  and  I  doubt  if  a 
sceptic  could  be  shown  enough  for  his  conviction. 

Conclusive  evidence  is,  however,  afforded  by  the  south-east  junc- 
tion (fig.  5).  This  occurs  in  Little  Sark,  on  the  south  face  of  the 
''  High  Cliff  "  opposite  the  isolated  rock  called  Baleine*.   The  schists 

Fig.  5. — Bough  sJcetch  of  OraniU  overlying  Romblende-sehigts  at 
south-east  junction  on  Little  Sarh,  Schists  perfectly  bedded, 
dipping  8,  W. 


are  highly  bedded,  dipping  S.W.  at  45°.  The  general  surface  of 
contact,  as  usual,  agrees  with  the  direction  of  the  bedding-planes ; 
but  dykes  can  be  seen  to  proceed  from  the  main  mass  of  upper 
rock  and  to  ramify  among  the  lower. 

In  the  outlying  island  of  Brecqhou  also  the  homblendic  beds 
dip  in  a  westerly  direction  below  crystalline  rock.  On  the  south  side 
a  vertical  cliif  makes  a  dean  section  of  the  contact ;  the  upper  rock 
seems  to  lie,  though  very  nearly,  still  not  quite  on  a  bedding-plane 
of  the  lower.  In  the  cliff  about  100  yards  east  is  a  lai^e  lenticular 
inclusion  of  crystalline  rock  differing  scarcely  at  all  from  the  upper 
rock,  and  probably,  therefore,  a  dyke  from  it  On  the  north  side  of 
the  island  it  is  possible  to  stand  on  rock  shelves  and  examine  the 

*  A  fair  view  may  be  obtained  from  a  boat.  The  crags  look  inaooessible, 
but  I  believe  a  way  down  has  been  cut.  I  reached  the  spot  from  the  creux 
called  the  Pot,  at  low- water  spring-tides ;  this  access  would  seldom  be  safe. 
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oontaot  at  leiBnre.  The  dip  here  is  15°  or  20^  N.W.,  and  here  also 
the  massiye  rook  makes  a  dose  approach  to  oonformity,  but  on  a 
small  scale  seems  to  cut  across  or  run  into  the  bedding ;  so  that 
again  in  Brecqhou  we  have  the  same  imperfect  indications  which 
just  fall  short  of  proof. 

Yet  the  general  conclusion  from  the  junction-evidence,  taken  as  a 
^hole,  even  if  we  leave  out  that  of  the  south-east  junction,  must,  I 
think,  be  that  these  upper  cryBtalliue  masses  are  not  sedimentary  rocks 
metamorphosed,  but  one  igneous  overflow.  The  near  conformity  in 
each  case  may  be  due  to  the  granite  having  forced  itself  between 
beds  as  a  direction  of  least  resistance.  But  it  seems  to  me  also 
possible  that  an  actual  flow  may  have  taken  place  over  a  surface 
nearly  horizontal,  and  that  the  coarsely  crystalline  nature  may  be 
due  to  a  higher  temperature  or  other  unknown  circumstance  of  that 
prodigiously  remote  epoch.  In  either  case  denudation  has  had  a 
protracted  task  to  plane  down  through  the  superincumbent 
mass  and  lay  bare  the  subjacent  dome.  There  are  difficulties,  but 
they  seem  less  than  the  difficulty  of  accounting  for  the  invariable 
appearances  of  flow  across  the  edge  of  beds,  the  apparent  intrusive 
offshoots,  and  the  sudden  transition  from  a  minutely  banded  series 
to  a  mass  a  thousand  feet  thick,  with  only  phantoms  of  bedding 
which  flee  upon  approach. 

The  overlying  rocks  in  Brecqhou  present  remarkable  features. 
At  the  furthest  western  pomt  of  the  island  they  slope  gently  down 
to  the  sea,  and  show  no  greater  differences  from  those  at  the  ex- 
tremities of  Sark  than  rather  more  mica  and  somewhat  greater 
decay.  But  along  the  southern  cli£&,  approaching  the  deep  inlet  con- 
spicuous on  the  map,  a  structure  begins  to  be  extremely  well  marked 
and  weathers  out  into  deep  furrows.  The  dean  faces  of  hand- 
specimens  show  a  banded  arrangement  of  constitaents  such  as  is 
usually  r^arded  as  characteristic  of  a  fine-grained  gneiss.  The 
dark  materials  gleam  with  mica,  the  white  streaks  are  coarser  and 
consist  of  felspar  with  some  quartz.  So  far  as  I  could  see,  the 
passage  from  die  crystalline  rock  to  this  is  gradual  and  continuous, 
so  that  .the  whole  mass  is  one.  I  have  unfortunately  made  only 
one  examination  of  the  spot ;  a  boat  has  to  be  taken,  and  it  is  not 
always  possible  to  land. 

This  gneissoid  structure  affords  no  valid  argument  in  support  of  a 
metamorphic  origin  for  the  crystalline  rock.  If  it  should  be  proved 
separate,  it  would  of  course  prove  nothing  one  way  or  other.  If^  as 
I  believe,  it  is  continuous  with  that,  then,  since  it  is  dearly  a  lower 
part,  almost  in  contact  with  the  schists,  we  should  have  to  admit 
that  metamoiphism  had  been  much  less  complete  in  the  deepest- 
seated  portion  of  the  mass. 

The  banding  shows  corrugations  visible  even  in  hand-specimens, 
and  becoming  contortions  of  some  magnitude  towards  the  head  of  the 
deep  inlet  on  the  south  coast.  They  lie  N.-S.,  and  are  plain  proofs 
of  an  E.-W.  crush  or  nip,  of  which  other  indications  exist.  It 
would  appear  that  this  great  squeeze  produced  more  visible  effects 
where  the  granite  (assuming  that  this  gneiss  is  crushed  granite) 
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came  against  a  westerly  slope  of  schists  than  where,  as  at  the  north 
and  south  ends  of  Sark,  the  forces  acted  parallel  to  the  planes  of  the 
junctions.  This  is  the  same  as  saying  that  the  corrugations  were 
produced  where  the  upper  rock,  if  it  sHd,  would  have  to  slide  up  a 
slope  of  the  lower,  hut  not  where  its  slip  could  he  horizontal.  This 
would  seem  to  show  that  the  granite  was  the  readier  to  yield ;  hut, 
as  has  heen  mentioned,  the  schists  also  are  in  some  places  corru- 
gated in  the  like  direction ;  hesides,  the  underlying  unoonformahle 
gneiss  may  he  near  the  surface  and  influential,  though  concealed. 

5.  Veins  and  Dykes. — A  brief  notice  of  the  veins  and  dykes  may 
be  added  to  complete  this  account  of  Sark.  It  has  been  mentioned 
that  faults  abound ;  they  have  generally  opened  into  fissures  now 
filled  with  a  reddish  earthy  material.  These  have  been  everywhere 
burrowed  into  in  search  of  ores,  but  nothing  has  ever  been  found 
worth  attempting  to  work  except  a  vein  of  silver  in  Little  Sark,  and 
this  has  long  been  abandoned.     Other  veins  are  few. 

The  dykes  have  not  nearly  the  variety  seen  in  Guernsey.  I 
have  seen  none  of  the  granite  dykes  and  elvans  common  there.  A 
brownish  microcrystalline  quartz-felsite  with  microscopic  mica 
occurs  at  the  sea-end  of  Les  Boutiques  caves,  and  may  be  the  same 
as  the  whitish  decomposed  intrusive  dyke  which  has  originated  both 
the  fissure  and  the  cavern.  A  dyke  six  or  eight  feet  broad  cuts  the 
rocks  at  the  Eperqueries  landing,  a  compact  dark  felsite  with 
porphyritic  felspar,  showing  under  the  microscope  also  a  fair 
amount  of  mica.  The  pink  rhyolites  or  glassy  felsites  of  Guernsey 
and  Jersey  seem  to  be  entirely  wanting.  The  clifis  south  of  Dixcart 
Bay  are  traversed  by  some  large  dykes  conspicuous  from  the  water, 
but  mostly  inaccessible;  I  believe  they  are  identical  with  a  specimen 
collected  in  the  Bay  Terrible,  which  is  a  beautiful,  highly  crys- 
talline syenite  or  diorite,  with  a  good  deal  of  epidote  intermixed. 

The  majority  of  the  dykes  belong  to  the  Guernsey  group  <tf 
basaltic  or  diabasic  intrusions,  and  to  that  section  which  are  of 
medium  fiueness.  A  slide  cut  from  one  of  these  which  traverses 
the  cliff  near  the  Coupee  is  described  by  Prof.  Bonuey  to  me  as 
^'  probably  a  homblendic  diabase  rather  than  a  true  diorite." 

There  is  a  fine  mica-trap  dyke,  a  kersantite,  at  the  N.E.  comer 
of  the  cliffs  of  Fort  du  Moulin,  and  apparentiy  a  smaller  one  much 
decomposed  at  the  natural  gateway  in  the  southern  wall  of  that  bay. 
There  seem  also  traces  of  another  in  the  road-cutting  at  the  Coupde ; 
doubtiess  others  may  be  found. 

6.  Herm  and  Jeihou. — As  these  two  small  islands  lie  between 
Sark  and  Guernsey,  which  I  have  already  described,  it  may  be 
convenient  to  append  here  a  brief  account  of  them.  Herm,  the 
northern,  is  the  larger,  about  IJ  mile  long  and  ^  mile  broad. 
Jethou,  the  southern,  is  separated  by  a  narrow  but  deep  channel,  and 
though  not  one  quarter  the  size  of  Herm,  is  rather  higher.  Both 
consist  of  a  beautiful  crystalline  white  rock,  usually  regarded  as  a 
granite.  Jethou  possesses  a  faint  foUation  in  N.-S. vertical  planes,  and 
Herm  also  shows  a  tendency  to  the  same  structure  at  its  end  nearer 
Jethou.    On  the  east  side  of  Jethou  is  a  very  fine  raised  beaoh| 
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15  feet  above  high-water  mark,  four  or  five  yards  thick,  a  mass  of 
Tounded  pebbles  in  general  as  large  as  a  man's  head,  but  some  of 
them  two  or  three  feet  across.  In  the  south-east  of  Herm  is  a  fine 
"  creux."  This  name  is  generally  applied  in  these  islands  to  a 
shafb  in  the  hill-side  communicating  at  its  bottom  with  the  sea ; 
but  the  Creux  Mahie  in  Guernsey  is  a  cave,  and  at  the  Creux 
Harbour  in  Sark  there  is  now  at  all  events  only  a  tunnel  through 
the  rocks.  On  the  south-west  shore  of  Herm,  below  some  cottages,  a 
greenish  compact  seam,  often  less  than  half  an  inch  wide,  runs  for 
many  yards  through  the  granite,  and  becoming  wider  shows  its  real 
nature  by  developing  into  an  ordinary  compact  dyke.  This  helps 
to  explain  some  of  the  appearances  noted  in  the  Sark  granite.  In 
Jethou  in  like  manner  there  are  a  few  platy  dj'kes,  and  a  small  much- 
decayed  dyke  of  mica-trap  which  shows  its  later  date  by  traversing 
one  of  the  above.  The  singular  "  shell  beach  "  at  the  north  end  of 
Herm,  the  only  one  of  the  kind  in  these  islands,  illustrates  the  local 
nature  of  fossil  accumulations. 

The  granite  of  Herm  is  a  highly  crystalline  rock,  consisting  of 
white  felspar,  both  orthoclase  and  plagiodase,  hornblende,  quartz, 
and  biotite,  with  a  little  apatite  ;  in  my  slide  mica  encloses  a  horn- 
blende crystal.  The  felspar  often  shows  plagiodase  striping  even 
to  the  unaided  eye,  but  generally  is  rather  amorphous ;  it  occurs  in 
grains  about  ^  inch  long,  but  runs  up  to  half  an  inch  or  more  in 
some  specimens.  The  hornblende  is  in  well-formed  crystals,  often 
rather  lath-shaped,  but  seldom  exceeds  ^  inch.  The  quartz  is  in  the 
usual  interstitial  glassy  grains.  The  mica  is  the  least  abundant  of 
the  principal  constituents ;  it  shows  well-shaped  hexagonal  plates. 
Dark  nodes  are  frequent,  and  vary  much  in  shape  and  in  sharpness 
of  definition.  The  rock  of  Jethou  is  much  the  same  as  that  of 
Herm,  both  to  the  eye  and  under  the  microscope ;  but  Prof.  Bonney 
remarks  to  me  on  a  slide  that  it  is  a  little  crushed,  while  a  slide 
from  Herm  shows  no  crushing.  But,  as  above  mentioned,  on  a  large 
scale  there  is  a  very  faint  structure  visible  also  in  Herm  at  the  end 
nearer  Jethou.  Prof.  Bonney  writes  of  both  that  they  are  holo- 
crystalline  and  indubitably  igneous. 

7.  General  Conclugions, — Comparing  these  granites  of  Herm  and 
Jethou  with  the  granitic  overlying  rock  of  Sark  described  above  and 
shown  also  to  be  igneous,  the  differences  appear  very  slight  and 
smaller  than  may  be  found  in  less  widely  separated  parts  of  many 
continuous  masses  of  granite.  The  probability,  then,  seems  con- 
siderable that  they  are  all  remnants  of  one  great  irruption.  No 
Jersey  rocks  that  I  know,  and  none  of  the  principal  Guernsey  rocks, 
appear  to  be  the  same  as  these ;  but  the  granite  of  Aldemey,  which  I 
hope  at  some  future  time  to  describe,  I  expect  will  prove  also  to  belong 
to  this  great  mass.  Certainly  some  of  my  specimens  could  not  be 
distinguished  as  different.  If  so,  since  Alderney,  the  northernmost 
island,  shows  no  sign  of  crushing,  while  Herm  and  Jethou  exhibit 
faint  traces,  and  Sark,  the  southernmost,  presents  clear  proofs  of 
compression,  it  would  seem  that  the  compressing  forced  had  acted 
more  powerfully  in  the  south  of  the  area  concerned. 

aJ-G.S.  No.  171.  2l 


Digitized  by  LjOOQ IC 


334  BEV.  E.  HILL  OK  THE  BOCEB  OF 

The  order  of  geological  events  in  Sark  thus  appears  to  have  heeir 
as  follows : — A  mass  of  Archaean  rock  of  uncertain  origin  had  de- 
posited on  it  a  thick  series  of  heds  of  alternating  materials,  princi- 
pally hornhlendic,  possihly  of  volcanic  origin.  Over  these  (whether 
other  heds  had  also  heeu  superposed  cannot  now  he  discovered)  a 
mass  of  granitic  or  syenitic  igneous  rock  suhsequently  flowed. 
After  the  solidification  of  this,  but  still  probably  at  a  very  early 
period,  came  a  great  east  and  west  nip.  Except  the  intrusive  dykes 
there  are  no  later  materials  with  which  to  continue  its  history. 

The  physical  geology  of  Sark  aflbrds  many  interesting  subjects  of 
study.  The  apparently  homogeneous  granite,  contrary  to  what 
might  be  expected,  decomposes  much  more  readily  than  the  banded 
hornblende-schists.  I  have  been  inclined  to  fancy  that  on  all  sides  of 
the  island  there  is  a  tendency  for  rock  masses,  in  fault-throws  in 
fissures  or  in  slides,  to  lean  away  from  the  central  mass.  This 
may  be  due  to  the  domed  arrangement  of  the  beds,  or  may  have 
followed  the  cessation  of  the  nipping  force  and  be  a  result  of  elas- 
ticity, or  it  may  be  simply  caused  by  the  undermining  of  the  sea. 
The  Coupee  is  due  to  a  fault  and  fissure-vein  which  form  a  case  in 
point ;  and  the  celebrated  Gouliot  caves  appear  to  be  due  to  a  slido 
of  this  nature.  More  generally,  however,  the  caves  have  originated 
in  dykes,  as  have  the  Boutiques,  and,  I  think,  the  Creux  Terrible. 

The  Archaean  age  of  these  rocks  is  not  likely  to  be  contested  by 
many.  They  are  analogous  in  structure  to  admittedly  pre-Cambrian 
rocks  elsewhere.  They  seem  distinctly  older  than  the  unfossili- 
ferous  argillites  of  Jersey,  themselves  of  extreme  antiquity,  and,  I 
believe,  unlike  any  neighbouring  even  Cambrian  beds.  And  the 
series  of  the  Finisterre  beds,  which  I  had  the  opportunity  of  seeing 
this  year  under  the  guidance  of  Dr.  Barrois,  contains  in  the  whole 
succession,  from  Carboniferous  down  to  Cambrian,  nothing  that  can 
be  compared  to  them.  The  only  rocks  I  saw  there  capable  of  being 
classed  along  with  the  Sark  schists  were  some  beds  at  Pouldu  south  of 
Quimperle,  which  in  the  French  Geological  map  are  themselves 
marked  as  pre-Cambrian. 

It  may,  however,  be  suggested  that  their  highly  crystalline  con- 
dition is  due  to  the  influence  of  the  vast  mass  of  granite  by  which 
they  have  been  overflowed.  I  am  not  sure  but  that  this  cause  may 
have  had  some  effect.  However,  in  the  first  place  the  beds  nearest 
the  granite  are  not  everywhere  the  most  highly  crystalline. 
Secondly,  in  the  neighbouring  region  of  Brittany  I  had  "in  1886 
the  opportunity  of  studying,  under  Dr.  Barrois's  guidance,  the  effects 
produced  by  intrusive  granites  on  a  number  of  widely  differing 
rocks  of  almost  every  age,  and  none  of  these  were  metamorphosed 
into  any  resemblance  to  these  hornblende-schists.  Thirdly,  the 
only  rooks  of  that  region  which  resembled  the  Herm-Sark-Aldemey 
granite  that  overlies  these  schists  are  granites  which  Dr.  Barrois,  on 
independent  evidence,  considers  Cambrian  at  latest. 

To  myself  the  most  interesting  feature  in  Sark  is  the  unconformable 
overlie  of  the  hornhlendic  beds  on  older  gneiss.  Several  observers- 
have  lately  brought  forward  convincing  proofs  that  certain  gneisses 
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and  sclustB  formerly  regarded  as  metamorphosed  sediments  are  really 
igneons  rocks  in  which  banding  has  been  developed  by  crush.  In 
the  osnal  fervour  of  conversion  some  writers  seem  rather  desirous,  if 
they  can,  to  account  for  everything  this  way.  It  may  be  a  useM 
warning  that  here  in  Sark  we  find  a  series  which  cannot  have  been 
80  produced. 

Discussion. 

The  PRESiDBirT  remarked  on  the  value  attaching  to  Prof.'Barrois's 
work  in  Brittany,  and  on  the  interest  of  the  observations  made  on 
the  country  by  Prof.  Bonney.  The  conclusions  as  to  the  Archaean 
age  of  the  lower  gneissose  rocks  would  probably  be  generally  ac- 
cepted ;  but  a  question  which  must  still  be  regarded  as  an  open  one 
was,  whether  foliation  ever  corresponded  with  original  bedding. 
The  supposed  instances  of  unconformity  and  current-bedding  de- 
pended on  the  assumption  that  such  was  the  case. 

Mr.  Becxer  said  that  certain  rocks  of  California  which  he  had 
studied  were  of  Neocomian  age  and  sedimentary  origin,  and,  despite 
a  certain  dissimilarity,  there  was  a  remarkable  petrographical  re- 
semblance. Amphibolites  and  other  metamorphic  rocks  were 
common,  and  diabases  and  diorites  abounded.  The  diorites  passed 
into  amphibolites ;  glaucophane  occurred  in  the  latter,  and  glauco- 
phane-schists  resulted  from  altered  shales,  the  positions  of  the 
glaucophane-prisms  resulting  from  schistosity  of  the  shales  and 
being  related  to  the  original  bedding-planes.  He  had  remarked 
transitions  between  glaucophane  and  actinolite. 

Mr.  BuTLET  remarked  on  the  probable  extension  in  former  times 
of  Archa^n,  Cambrian,  and  Silurian  rocks  from  Brittany  and  the 
Channel  Islands  through  Devon  and  Cornwall  and  Wdes.  Ho 
considered  that  there  might  be  cases  in  which  foliation  denoted 
original  bedding,  as  in  one  of  the  instances  suggested  by  Mr.  Hill, 
in  which  it  seemed  that  the  hornblende-schist  might  consist  of 
materials  derived  from  the  degradation  of  eruptive  rocks.  The  later 
stresses  in  these  old  rocks  may  have  obliterated  the  evidence  of 
earlier  action  of  the  same  kind. 

Mr.  Hill  said,  with  reference  to  Prof.  Bonney's  remarks  on  the 
diflScalties  found  in  mapping  the  region,  in  which  he  concurred,  that 
one  advantage  was  the  absence  of  travelled  blocks.  He  remarked 
on  the  curious  arkose-like  appearance  of  the  crushed  rocks  on  tho 
coast  south  of  Quimperlc.  He  quite  agreed  that  there  was  an 
ancient  Archsean'base  to  the  rocks  of  Brittany. 

Dr.  Hicks  said  that  in  Great  Britain  gneiss  and  other  rocks  of  the 
character  of  those  on  the  table  from  Brittany  and  the  Channel 
Islands  were  only  found  in  the  Archsean  series.  The  most  impor- 
tant question,  t.  e.  as  to  the  age  of  these  rocks,  seemed  therefore  to 
be  completely  settled  by  these  researches.  He  was  inclined  to  doubt 
whether  the  supposed  false-bedding  of  Port  du  Moulin  was  really 
duo  to  deposition.  He  had  described  certain  breccias  in  Wales 
that  might  explain  the  conditions  exhibited  by  the  crushed  gneisses 
described  by  Prof.  Bonney. 

2a2 


Digitized  by  LjOOQ IC 


336  ON  THE  BOCKS  OP  8ARK,  HEBK ,  AlTD  JETHOtT. 

Prof.  BoKVET,  in  reply,  said  he  considered  glaucopbane  merely  a 
peculiar  variety  of  hornblende.  It  would  require  very  strong  evi- 
dence to  convince  him  that  sandstones  and  similar  rocks  did  ever 
pass  into  serpentine  &c.  With  regard  to  Mr.  Butley's  remarks,  he 
could  see  no  evidence  in  Brittany  of  important  disturbances  from 
Cambrian  times  till  after  the  Carboniferous  era.  The  questions 
raised  by  Mi,  Hill  had  been  treated  in  the  paper ;  the  arkose-like 
rock  turned  out  to  be  gneiss  clearly  crushed  in  situ.  He  agreed  with 
Dr.  Hicks  that  the  appearances  of  false-bedding  in  metamorphic 
rocks  were  of  doubtful  origin,  but  in  some  cases  other  explanations 
presented  groat  difficulties,  and  sedimentation  of  some  sort  was  pro- 
bably to  be  detected  in  ArchsBan  rocks. 

Mr.  Hill  said  the  appearance  that  he  referred  to  false-bedding 
occurred,  not  in  gneiss,  but  in  the  overlying  hornblende-schists.  The 
possibility  of  these  hornblende-schists  being  tuffs  had  occurred  to 
him,  but  he  had  not  been  able  to  discover  any  evidence. 
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25.  On  Tebhabt  Cyolostokatoitb  Bbtozoa  from  New  Zealaih). 
By  Abthub  Wm.  Watebs,  Esq.,  F.G.a    (Road  May  11,  1887.) 

[Plate  XVIIL] 

The  Chilostomata  have  already  been  described  in  this  Tolume  of 
the  Journal,  p.  40,  and  therefore  it  is  not  necessary  to  repeat 
particulars  about  the  localities. 

This  part  I  have  kept  back,  hoping  that  the  results  of  the  <  Chal- 
lenger '  Expedition  might  throw  some  light  upon  this  unsatisfactory 
suborder ;  but  Mr.  Busk's  second  part  of  the  Bcport  is  a  great 
disappointment  in  this  respect,  as  only  thirty-three  species  are 
recorded,  and  these  are  for  the  most  part  well  known  and  common. 
In  fact,  the  results  of  this  great  expedition  do  not  seem,  so  far  as  the 
Gyclostomata  are  concerned,  to  exceed  what  I  presume  a  specialist 
might,  after  a  storm,  collect  in  a  few  morning  walks  in  the  neigh- 
bourhood of  the  Sydney  Harbour. 

We  do  not  seem  to  make  much  progress  with  tho  discouraging 
Gyclostomata,  or  to  obtain  fresh  characters  upon  which  classifications 
can  be  based,  and  in  fact  there  are  a  few  New-Zealand  fossils 
concerning  which  I  cannot  pronounce  a  definite  opinion  as  to  whether 
they  really  belong  to  the  Bryozoa  or  not.  However,  although  not 
satisfied  with  our  means  of  classification,  any  fossils  which  can  be 
readily  recognized  should  be  described,  as,  besides  being  useful 
Btratigraphically,  fuller  acquaintance  may  gradually  set  us  in  the 
right  lines. 

I  would  propose  that  we  should  divide  the  Gyclostomata  into  two 
subdivisions,  namely,  first,  the  Farallelata,  or  those  in  which  the 
surface  of  the  zoarium  is  to  a  considerable  extent  formed  of  the 
lateral  walls  of  the  zocecia,  of  which  Crista^  Entahjphora,  Diasto- 
pora^  and  Tuhidipora  may  be  taken  as  types ;  and,  secondly,  the 
Hectangulatay  or  those  in  which  the  zocecia  or  cancelli  open  for  the 
most  part  at  right  angles  to  the  axis  or  surface  of  the  zoarium  or 
Bubcolony,  of  which  Beteropora,  Lickenapora,  &c.  may  be  taken  as 
typical. 

We  are  met  with  the  fact  that  there  are  several  cases  of  genera 
having  similar  zoarial  appearance  which  must  be  separated  into 
these  two  divisions ;  for  instance,  there  is  the  true  Idmonea,  as 
/.  Milneana^  with  the  zocecial  walls  parallel  for  the  greater  part  with 
the  zoarial  axis  and  the  wall  minutely  perforated ;  and,  on  the  other 
hand,  with  a  similar  zoarial  appearance,  Crisina  ccinceUata  has 
medium-sized  interstitial  tubes  between  the  zococia,  both  opening  at 
right  angles  to  the  surface. 

We  have  already  seen  Gyclostomata  and  Ghilostomata  quite  similar 
in  mode  of  growth,  and  in  fact  in  this  respect  resembling  even 
animals  of  other  classes,  so  that  we  need  not  be  surprised  at  finding 
such  similarity  in  two  subdivisions. 

There  are  cases  where,  in  badly  preserved  fossils  with  large  pores, 
it  may  be  difftcult  to  distinguish  whether  these  are  interstitial  or 
merely  perforations  in  the  shell- wall;  but  when  sections  can  be 
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made,  the  structure  will  be  seen.  For  instance,  in  Idmonea  radiang, 
Lamk.,  there  are  large  pores  perforating  the  shell-wall ;  and  to 
similar  cases  in  Homera  I  have  referred  in  this  Journal,  vol.  xl. 
p.  678,  pi.  XXX.  fig.  8. 

It  is  interesting  to  find  the  "  rays,"  or  hair-like  teeth,  preserved 
in  the  zooecia  of  fossil  Entalophora  intricaria ;  and  I  would  specially 
call  the  attention  of  paleontologists  to  PL  XVIII.  fig.  4,  as  this  repre- 
sents a  most  typical  Cyclostomatous  form,  showing  both  the  usual 
shell-structure  with  pores  between  the  zooecia,  and  also  the  "  rays," 
which  are  now  known  to  occur  in  both  of  the  divisions  which  I 
propose  to  make,  though  previously  they  have  only  been  described 
in  the  rectanguluta,  as  in  Heteropora  and  Lichenopora.  They  also 
occur,  however,  in  a  New-Zealand  Tubulipora, 

Tuhulipora  hiduplicata  and  T,  Campicheana  are  two  verj^  int-eresting 
species,  showing  considerable  variation  in  the  mode  of  growth.  If 
the  series  of  specimens  had  not  been  moderately  large,  it  is  possible 
that  more  than  two  species  would  have  been  made. 


Lint  of  Species. 


I.  PARALLELATA. 

1.  Idmonea  Berpenfl  (£  ) 

2.  nmoBA{d'Orb,)  

3.  contorta,  J9 

4.  Entalophora  intricaria  (B.)  

5. wanganaiensis,  sp.  noT 

6.  Oinotipora  eleffans,  Hutton 

7.  Homera  frooaioulata  (Xamjr.)  

8.  Btomatopora  eranulata  (.M.-Edto.). 

9.  major  {Johntt.) 

JO. dilatana  {Johntt.) 

11.  Diaatopora  suborbioolaris,  JZ  

12.  samiensiB,  Norm.,  var. 

peransusta,  nov 

13.  Tabob'pora  mmidiata  (22ss.)  

14.  Campicheana  ((fOrb.) 

15. hiduplicata,  8p.  nov 

16.  FaBoioularia  tuhipora,  J9 

17.  Buperoytifl  digitata,  d'Orb 

IL  BECTANGULATA. 

18.  Lichenopora  radiata  (Aud.) 

19. hispida  {Flem.) 

20.  -^ — clypeiformiB  (<rOr6.)  

21. wanganuienaifl,  ip.  nov 

22. boletifomuB  (J*  Or&.)  

28. Houldaworthii  {B.) 

24.  Reptocavea  aapcra,  sp.  noT 

25.  Heteropora  pellioolata,  Watert   .. 
26. napierensis,  sp.  nov 

27.  Crisina  cancellata,  J2m 

28.  Craasohomera  waipukurenaiB,  ip. 

nov 


839    ^Z  '-X- 

'M9\ -K- 

340!   ^A   j... 

:340 

:^4l   3fcZ    ^ 

341      ^ 


345 
345 

346 

347 
347 
347 
3^18 
348 
349 

349 


•X- 


•X- 


PAZ 


•X^A 
•X-A 


•X-A 
P 
■JfZ 


■X--3f 


^ 


•^ 


Allies  and  LooalitieB. 
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Oat  of  the  28  species  or  varieties  18  are  known  living,  6  at  least 
from  New  Zealand,  10  from  either  New  Zealand  or  Australian 
waters,  and  8  have  been  found  fossil  in  Australia.  This  brings  the 
number  of  Chilostomata  and  Cyclostomata  up  to  106;  and  the 
second  part  entirely  agrees  with  the  first  in  indicating  that  they  are 
<M)mparatively  recent 

In  figs.  1,  4,  14, 15  (PL  XVIII.),  the  size  is  taken  from  photo- 
graphs which  were  used,  and  study  photographs  of  several  species 
mentioned  are  deposited  with  the  Society. 

1.  IdK02?£A  sehfexs  (L.). 

For  synonyms  see  Hincks,  Brit.  Mar.  Polyz.  p.  463,  pi.  Ixi.  figs. 
2, 3 ;  pi.  Ix.  fig.  2 ;  and  Pergens,  Plioc.  Ury.  von  Ithodos,  Ann.  Nat.- 
hist.  Hofmuseums,  vol.  ii.  p.  5. 

Some  fine  specimens  from  the  Petane  Marls  are  entirely  adnate  on 
an  oyster-shell,  throwing  out  numerous  strap-shaped  rays. 

The  ovicells  in  recent  Naples  specimens  occur  below  the  junction, 
spreading  downwards,  and  with  a  broad  funnel-shaped  opening. 

Loc.  living:  European  Seas  ;  New  Zealand.  Fossil:  Pliocene  of 
Sicily  and  Calabria ;  Waipukurau ;  Petane  Marls ;  Tommy  Gully 
(Petane) ;  near  Napier. 

2.  loKONEA  BAHosiL  (d'Orb.). 

Reptoiuhigera  ramosa,  d'Orb.  Pal.  Fr.  p.  754,  pi.  751.  figs.  1-3. 

?  Frohosdna  Eudesi,  Haime,  Bry.  Foss.  de  la  Form.  Jurassique 
p.  167,  pi.  vi.  ^g.  9 ;  Pergens  &>  Meunier,  Annales  Soc.  Eoy.  Malao. 
de  Belgique,  vol.  xxi.  p.  217. 

This  grows  much  like  Idmonea  serjietis,  and  at  one  time  I  thought 
that  the  specimens  were  only  worn  examples  of  that  species ;  but 
the  zocecial  tubes  are  scarcely  raised  and  equidistant,  whereas  in 
/.  serpens  the  central  zooccial  tubes  are  much  raised  and  connate,  with 
outlying  separate  zooecia.  The  series  are  about  0*5  millim.  apart. 
In  one  specimen,  from  near  Napier,  more  considerable  expansion 
takes  place ;  and  this  form  at  one  time  I  separated  as  J.  c<mtinuata. 
This  last  grows  much  like  TuhuUpora  hbulata,  but  the  rays  are  in 
series.    . 

Loc.  Fossil :  Cretaceous ;  "Waipukurau  and  near  Napier. 

3.  Idkosea.  contobta.^  Busk. 

Idmonea  contoria,  Busk,  Cat.  Mar.  Polyzoa,  pt.  iii.  p.  12,  pi.  viii. 

A  specimen  from  the  neighbourhood  of  Napier  forms  an  anasto- 
mosing mass.  The  branches  are  about  2  millim.  across,  and  in 
section  are  subtriangular,  somewhat  rounded  on  the  dorsal  surface. 
The  series  are  about 0*8  millim.  apart, with  6  or  7zooocia  in  a  series; 
dorsal  surface  with  fine  longitudinal  lines. 

The  surface  is  so  much  wom  that  it  is  impossible  to  judge  how 
much  the  zooscia  projected. 

Tennysonia  sUllata  has  a  row  of  zooDcial  pores,  between  which 
there  are  cancelli.      Before  comparison  with  the  British-Museum 
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specimen  I  was  in  donbb  as  to  whether  Ttnnysmia  might  be  /.  contcrta 
or  Crisina  cancellata. 

hoc.  Living :  Algoa  Bay.    Fossil :  near  Napier. 

4.  Entalophora  intbicaria  (Busk).     (PL  XVIII.  figs.  6  &  6.) 

Pustulopora  intricaria,  Busk,  Cat.  Mar.  Polyzoa,  pt.  iii.  p.  22y. 
pi.  X.  figs.  1  &  4 ;  Haswell,  Cyclost.  Polyzoa  of  Port  Jackson,  Proc. 
Linn.  Soc.  N.  S.  W.  vol.  iv.  p.  352. 

A  small  fragment  from  Shakespeare  Cliflf,  Wanganui,  is  without 
any  doubt  the  same  as  a  recent  Entalophora,  which  is  apparently  not 
uncommon  in  New-Zealand  and  Australian  seas.  It  frequently 
anastomoses  and  forms  dense  intricate  masses;  the  zoaria  are 
about  1*5  millim.  in  diameter,  and  the  zooecia  are  irregularly  placed, 
often  bulging  out  towards  the  end,  but  become  narrower  again  at 
the  aperture,  which  is  about  0-13  millim.  wide. 

In  the  zocBcial  tubes  there  are  always  a  large  number  of  minute 
rays  with  club-shaped  heads,  on  which  there  are  numerous  tubercles. 
I  have  called  attention  (Ann.  Mag.  Nat.  Hist.  ser.  5,  vol.  iii.  p.  270) 
to  similar  rays  in  Lichenopora  radiata,  and  pointed  out  that  these 
rays,  or  "  hair-like  teeth,"  had  globular  terminations ;  and  in  that 
species  there  are  fewer  tubercles  on  these  heads,  in  fact  they  are 
usually  cruciform.  Professor  Nicholson  has  figured  and  described 
similar  rays  in  Ifeteropora  pellicuJata,  Waters  ;  and  these  I  have  also 
figured  in  this  Journal,  vol.  xl.  pL  xxxi.  fig.  28,  but  have  not  yet 
been  able  to  see  that  the  heads  are  tuberculated.  They  also  occur  in 
a  species  of  Tufmlipora,  besides  Lichenopora  pristis,  MacG.,  L.  can- 
cellata, L.  radiata,  and  L,  Ilouldsworthii,  B. 

The  size. and  arrangement  of  the  zooecia  are  similar  in  the  recent 
and  fossil  examples ;  and,  after  having  made  the  determination  by 
these  characters,  it  was  no  small  satisfaction  to  find  that  in  the  zooQcial 
tubes  these  minute  rays  were  preserved,  thus  confirming  the  absolute 
identity  of  the  two. 

Loc.  Living:  New  Zealand ;  Port  Phillip  and  Port  Phillip  Heads 
{W,) ;  New  South  Wales  {E,).  Fossil :  Wanganui  (base  of  Shake- 
speare Cliff). 

5.  Entalophora  wanganuiensis,  sp.  nov.     (PI.  XVIII.  fig.  1.) 

Zoarium  2'5  millim.  in  diameter ;  about  ten  zooecia  in  a  complete 
series.  Distance  of  series  about  1*2  millim.  apart.  The  ends  of  the 
zooecia  but  slightly  projecting ;  surface  pitted,  with  small  pores  in  the 
centre  of  the  pits.  The  zooecia  are  very  distinct  and  rounded,  giving 
the  whole  a  columnar  appearance,  and  are  usually  arranged  round 
the  zoarium  in  a  verticillate  manner ;  but  sometimes  the  arrangement 
becomes  irregular.  The  closure,  which  occurs  at  about  the  level  of 
the  border  of  the  zoarium,  is  present  in  many  of  the  zooecia,  and 
has  numerous  large  perforations.  This  has  as  large  zooecia  (aperture 
0-4  millim.)  as  any  Cyclostomata  with  which  I  am  acquainted,  being- 
about  the  same  size  as  those  of  Ctnctipora  elegans  of  Hutton ;  but 
in  that  species  the  zooecia  do  not  project  at  all,  nor  are  the  ends- 
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tubular,  bnfc  cut  off  straight.    I  am  in  doubt  as  to  whether  Cinetijpora 
elegans  is  really  Bryozoan. 

Loc.  Fossil :  Shakespeare  Cliff  (Wanganui). 

6.  GiNCTIFOBA  ELEGANS,  HuttOU. 

Cinctipora  elegans,  Hutton,  Cat.  Mar.  Moll.  p.  103 ;  Manual  of 
the  New  Zealand  MoU.  p.  198. 

Professor  Huttou  has  sent  me  some  recent  specimens  from  New 
Zealand,  and  these  exactly  correspond  with  the  fossil.  The  appear- 
ance is  somewhat  the  same  as  that  of  Entalophora,  but  the  zooecia 
do  not  project,  and  are  cut  off  straight  at  the  surface  of  the  zoarium. 
The  branches  are  about  2  millim.  in  diameter,  and  the  zooecia  are 
very  large  (0*2  millim.  wide),  arranged  in  a  spiral  manner,  opening 
diagonally  to  the  surface ;  about  12  cells  form  a  complete  spiral. 
Although  it  is  placed  among  the  Bryozoa,  it  must  be  pointed  out 
that  its  relationship  is  not  proved.  The  external  portion  of  the  shell 
IB  formed  of  thick  fibrous  layers  in  a  manner  which  is  not  usual  in 
Entalophora^  and  there  are  few  external  pores.  There  are  connecting 
pores  in  the  interior.  This  is  closely  related  to  Cylindropora 
areolata^  T.- Woods,  placed  by  that  author  among  the  Hydrocorallince 
(Palseont.  of  New  Zealand,  p.  21),  and  which  also  occurs  fossil  near 
Napier.  In  this  last  the  openings  are  more  vertical  to  the  surface, 
and  it  is  laiger,  with  a  more  solid  shell ;  but  it  would  seem  sufficient 
to  separate  it  as  var.  areolata.  Spiroporina  immersa,  Woods,  may 
also  be  aUied ;  but  this  is  a  species  with  which  I  am  unacquainted. 

Loc.  Living  :  Wellington  (New  Zealand).  Fossil :  near  Napier,. 
Waipukurau. 

7.  HOKKERA  PRONDICULATA  (Lamx.). 

Eomera  frondiculata.  Waters,  Quart.  Joum.  Geol.  Soc.  vol.  xL 
p.  687 ;  Busk,  *  Challenger '  Report,  pt.  ii.  p.  16 ;  Pergens,  Plioc. 
Bry.  von  Rhodes,  p.  6. 

Loc,  Oligocene,  Latdorf  &c. ;  Pliocene,  Crag,  Italy  and  Sicily ; 
Curdles  Creek,  River-Murray  Cliffs,  Baimsdale,  Mount  Gambler, 
Shakespeare  Cliff  (Wanganui).  Living :  Mediterranean,  Cape  Verd, 
100-120  fathoms. 

8.  Stomatopoea  obakulata  (M.-Edw.). 

Alecio  granulata,  M.-Edw.  Me'm.  sur  les  Crisies  &c., Ann.  Sc.  Nat.  2^ 
ser.  t.  ix.  p.  205,  pi.  xvi.  fig.  3 ;  Busk,  B.  M.  Cat.  p.  24,  pi.  xxxii. 
fig.  1 ;  *  Challenger'  Report,  p.  22. 

SUmaiopora  granulata,  d'Orb.  Pal.  Fr.  p.  836,  pi.  628.  figs.  5-8. 

?  Stomatopora  incrassata,  d'Orb.  ibid.  p.  837,  pi.  628.  figs.  9-11. 

Stomatopora  ramea  (Blainv.),  d'Orb.  ibid.  p.  842,  pi.  630.  figs. 
9-12. 

Stomatopora  minima^  Rdmer,  Polyp,  des  nordd.  Tert.  Gebirges^ 
p.  22,  pi.  iii.  fig.  1. 

Recent  specimens  from  New  Zealand  and  fossils  from  Waipukurau 
correspond  in  size,  being  about  0*15  millim.  wide,  with  an  aperture 
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0-12inillim.  The  width  of  the  zooecia  remains  constant  throughout 
the  length,  which  is  usuaUy  about  1  millimetre. 

A  specimen  from  the  Valangian  of  St.  Croix  (Jura)  is  about  the 
same  size,  but  the  zooecia  commence  much  narrower  and  then  widen 
out. 

Loe.  Living :  British  and  Northern  Seas,  New  Zealand  ;  Tristan 
d'Acunha,  60-90  fathoms.  Fossil:  Cretaceous  (Valangian  and 
Senonian)  of  Europe  ;  Oligocene,  Sollingen ;  Waipukurau. 

9.  Stomatopora  majob  (Johnst.). 

Alecto  major,  Johnst.  Brit.  Zooph.  2nd  ed.  p.  281,  pi.  xlix.  figs.  3, 
4 ;  Seguenza,  "Le  Formaz.  Terz."  Accad.  dei  Lincei,  cclxxvii.  p.  297. 

"  Proboscina  inUrmedia,'*  Novak,  Bry.  der  Bohm.  fijreideformation, 
Denkschr.  k.k.  Akad.  voL  xxxvii.  p.  102,  pi.  v.  figs.  1-13. 

For  other  synonyms  see  Hincks's  Brit.  Mar.  Polyzoa,  p.  427,  pi. 
Iviii.  and  pL  Ixi.  fig.  1 ;  Pergens,  Plioc.  Bry.  von  Khodos,  p.  9. 

The  branches  are  0- 8-1*0  millim.  wide,  and  the  zooecial  aperture  is 
^bout  0*12  miUim.,  the  extremities  sometimes  in  irregular  transverse 
rows.  This  is  very  much  like  Proboscina  crassa,  Edmer,  in  d'Or- 
bigny,  Pal.  Frang.  p.  848,  and  perhaps  should  be  united  to  it. 

Log.  Living  :  British  and  Northern  Seas ;  Queen  Charlotte 
Islands  (iT.).  Fossil :  Cretaceous  of  Bohemia ;  Crag,  England ; 
Pliocene  (Astian)  of  Calabria ;  near  Napier ;  Waipukurau ;  Tommy 
Gully  (Petane) ;  and  Trig  Station. 

10.  SlOltATOPOBA  DILATANS  (Johust.). 

Alecto  dilatam,  Johnst.  Brit.  Zooph.  2nd  ed.  p.  281,  pi.  xlix.  figs. 
5-8. 

For  synonyms,  see  Hincks,  Brit.  Mar.  Polyz.  p.  429,  pi.  Ivii.  ^g,  3. 

Is  not  this  Griserpia  dichotoma,  d'Orb.  ? 

Loc.  Living :  Northern  Seas.  Fossil ;  Crag,  England ;  Tommy 
Gully  (Petane) ;  Trig  Station, 

11.  DiASTOFOBA  ST7B0BBICULABIS,  Hincks. 

Diastopora  suborbtcidaris,  Waters,  Quart.  Joum.  Geol.  Soo.  vol.  xl. 
p.  689. 

A  specimen  from  near  Napier  has  both  zoarium  and  zooecia  about 
twice  the  size  of  those  of  the  following  species.  The  oviceUs  are 
large,  enclosing  several  zooecia  and  radially  elongate. 

Loc.  Living  :  British  and  Northern  Seas.  Fossil :  Muddy  Creek, 
Mount  Gambler  (Australia) ;  near  Napier  and  Tommy  Gully  (Pe- 
tane). 

12.  DiASTOPOBA  SABNDSNSIS,  NonU.,  VaT.  PEBAKGUSTA,  UOV. 

A  fossil  from  Waipukurau  and  a  recent  specimen  from  New 
Zealand  are  identical  in  size,  the  zoarium  being  0*25  millim.  in  dia- 
meter. The  zooecia  radiate  irregularly  from  the  centre,  with  the 
outHnes  very  distinct  and  the  ends  erect ;  the  younger  zooecia  run  by 
the  side  of  the  older  ones  for  some  distance,  thus  causing  the  zooecia 
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i»  be  less  crowded  than  is  usually  the  case.  The  zooecial  tubes  are 
very  narrow,  only  about  0*06  millim.,  with  the  slightly  elliptical 
aperture  about  0'04  millim.,  and  these  very  small  zooecia  are  only 
about  half  the  size  of  those  of  typical  D.  samiensis  from  Guernsey. 
The  fossil  is  without  an  ovicell,  but  the  recent  specimen  has  them 
transversely  elongate.  The  zoarial  appearance  is  somewhat  the  same 
as  in  D.  ohelia ;  and  in  the  fossil  there  are  closed  cells,  with  a  tubule 
projecting  from  the  centre  of  the  cover. 

Loc.  living:  New  Zealand.     Fossil:  Waipukurau. 

13.  TUBXTLIPORA  DIMIDIATA  (Rss.). 

Befranda  dimidiata^  Eeuss,  Eoss.  Polyp,  d.  Wien.  Tert.  p.  39, 
pi.  vi.  fig,  6. 

Pavoiubu/era  dimidiata,  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xl. 
p.  691. 

Loc.  Fossil :  Miocene  of  Austria  and  Hungary  ;  Mount  Gambler ; 
Trig  Station. 

14.  TuBiTLiPOBA  CAJiPicnEANA  (d'Orb.).     (PI.  XVni.  fig.  15.) 

Multifascigera  Campicheana^  d'Orb.  Pal.  Frang.  p.  688,  pi.  762. 
figs.  7-9. 

This,  like  T,  hiduplicata^  occurs  in  strap-shaped  expansions, 
sometimes  quite  separate,  sometimes  confluent ;  and  then  often  the 
lines  of  growth  can  scarcely  be  followed.  Here,  instead  of  the 
zocecia  occurring  in  uniserial  rows,  they  are  in  fasciculi  alternate 
on  each  side  of  a  mesial  line ;  on  each  side  of  the  principal  row 
and  in  the  line  of  the  fasciculi  are  one  or  two  zocecia  as  outliers. 

The  growth  is  so  similar  in  this  and  the  next  species  that  at  one 
time  1  was  not  sure  if  they  should  be  specifically  separated ;  but 
this  form  is  much  stouter,  having  the  series  1  millim.  apart,  whereas 
in  T.  hiduplicata  they  are  only  0*5  millim.  apart.  In  those  parts 
of  the  colony  where  the  growth  is  the  least  regular,  the  appearance 
is  just  the  same  as  in  the  St.-Groix  specimens,  and  1  think  it  must  be 
considered  identical  with  the  Jurassic  species.  A  specimen  in  the 
Lausanne  Museum,  from  St.  Croix,  has  very  distinct  hexagonal 
divisions  between  the  zooecia,  and  in  the  New-Zealand  fossil  similar 
divisions  are  found  in  some  parts. 

The  ooBcia  are  large,  occurring  in  various  parts  of  the  zoarium, 
but  usually  near  the  end,  including  the  series  on  each  side  of  the 
mesial  line,  and  usually  in  about  three  double  series. 

Loc.  Fossil:  Valangian  of  St.  Croix;  Petane;  Waipukurau; 
Kapier. 

15.  TUBULIPOKA  BIDUPLICATA,  Sp.  UOV.      (PI.  XVIII.  figS.  12  &  14.) 

Zoarium  adnate,  branches  broadly  ligulate  or  united  at  the  base, 
forming  a  continuous  crust.  ZooBcia  arranged  on  each  side  of  a 
mesial  line  in  parallel  transverse  rows  opposite  or  alternate,  usually 
two  or  three  zooBcia  in  a  row,  but  occasionally,  as  at  the  dichoto- 
mization,  in  isolated  fasciculi;  on  each  side  of  these  principal 
ows,  and  in  the  line  of  the  series,  are  one  or  two  zooecia  as  outliers. 
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This  is  a  most  interesting  species,  as  numerous  specimens  show 
great  range  of  variation,  and  we  also  see  how  artificial  our  generic 
divisions  are,  for  I  should  have  been  justified  in  placing  this  under 
Idmonea,  It  is  probable  that  T.fascicvlifera^  Hincks  (Ann.  <&  Mag. 
Nat.  Hist.  ser.  5,  vol.  xiii.  p.  35,  pi.  ix.  fig.  6)  is  a  variety  of  this 
species ;  and  the  unconnected  colonics  remind  us  of  Beptofdsdgera 
altemataj  d'Orb. ;  while  those  that  are  continuous  over  a  large 
surface  resemble  Multifascigera  Canvpictieanay  d'Orb.  It  is  also 
closely  allied  to  Fasciculipora  gracilU^  MacG. ;  but  the  very  long 
bundles  of  zooecia,  connate  for  their  greater  length,  show  that  this 
last  must  certainly  be  looked  upon  as  specifically  distinct. 

A  specimen  from  near  Napier  extends  over  a  space  of  'about  3 
centim.  across,  and  has  extensive  ooecial  inflations,  enclosing  about 
4  series,  and  wider  than  a  ligula. 

A  line  recent  specimen  from  New  Zealand,  in  Miss  Jelly's  collec- 
tion, has  the  subcolonies  widely  fiabellate,  instead  of  strap-shaped, 
and  the  spaces  between  the  zooBcia  are,  in  places,  divided  into  angular 
or  hexagonal  divisions.  The  zooecia  are  usually  uniserial,  but 
sometimes  fasciculate.  The  small  fragment  from  Port  Phillip  has 
the  zooBcia  close  together  without  any  space  between. 

Loc.  Living:  Port  Phillip,  Victoria  {W.);  New  Zealand  {W.y 
Fossil :  Tommy  Gully  (Petane)  ;  Napier ;  Waipukurau,  Trig  Station ; 
Petane  Marls. 

16.  Fascictjlabia  txtbipora.  Busk. 

FascicuJaria  ivbipora^  Busk,  Crag  Polyzoa,  p.  130,  pi.  xxi.  fig.  1- 

The  fossil  from  near  Napier  is  one  inch  across,  but  is  clearly 
only  a  fragment  of  a  large  piece.  ^*  The  horizontal,  tabular,  con- 
centric laminsa"  are  nearer  together  than  in  the  Crag  specimen; 
but  with  this  exception  I  see  no  difference. 

A  recent  T.  tuhipora  in  Miss  Jelly's  collection  has  a  few  funnel- 
shaped  openings  on  the  lamina).  These  may  be  ovicellular  openings, 
but  a  division  across  the  narrower  diameter  raises  doubts  as  to  the 
function. 

Loc.  Living:  New  Zealand?  Fossil:  C.  Crag  (-B.);  Eed  Crag 
(jB.);  Pliocene  of  Hametto,  Sicily  {W.)\  near  Napier. 

17.  SirPEBCTTis  DiGiTATA,  d'Orb. 

Supercytis  digitata^  d'Orb.  Pal.  Fran^.  p.  1061,  pi.  798.  figs. 
6-9  ;  (?)  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xl.  p.  692,  pi.  xxxi. 
figs,  22,  26,  27;  Busk, '  Challenger'  Report,  vol.  xvii.  p.  29,  pi.  v. 
^^,  3 ;  (?)  Reuss,  in  Geinitz,  Elbthalgebirge,  vol.  i.  p.  123,  pi.  xxx. 
fig.  5 ;  Eeuss,  ibid.  vol.  ii.  p.  136 ;  (?)  Pergens  et  Meunier,  Bry. 
Garumniens  de  Faxe,  Ann.  Soc.  Roy.  Malac.  de  Belgique,  vol.  xxi. 
p.  221. 

Fasciculipora  digitata^  Busk,  Cat.  Mar.  Polyzoa,  p.  37,  pi.  xxxiii. 
fig.l. 

The  New-Zealand  fossils  are  undoubtedly  the  same  as  the  recent 
forms  found  by  the  *  Challenger,*  although  smaller  and  with  a  variable 
number  of  digitate  lobes,  averaging,  however,  about  twelve;  the 
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central  zooeda  are  in  long  rows  or  groups,  as  described  by  Busk  (fig.  3). 
We  are  not  yet  in  a  position  to  say  whether  the  fossil  specimen 
from  Murray  Cliff,  which  has  the  central  zocecia  regularly  distri- 
buted, should  or  should  not  be  separated  on  this  account. 

Mr.  Susk  makes  me  responsible  for  the  locality  "  South  Australia  " 
for  the  fossils  ;  but  this  is  clearly  a  slip  on  his  part  for  Victoria,  the 
only  locality  from  which  I  have  seen  it  fossil  except  New  Zealand. 
He  has  also  made  a  slip  in  the  measurements  of  the  zoarium,  which 
should  be  12  X  8  millim.,  not  0'12  x  0-8  miUim. 

The  basal  growth  consists  of  a  central  portion  formed  of  large 
tubes,  around  which  are  much  smaller  tubes,  opening  at  right  angles 
to  the  axis  of  the  zoarium,  with  hexagonal  or  irregular  angular 
openings. 

There  is  a  specimen  from  Napier,  which  certainly  seems  to  be 
this  species,  but  it  is  without  central  cover  and  is  much  worn.  It 
consists  of  subcolonies  growing  from  one  base. 

Loe.  Living :  New  Zealand.  Fossil :  Shakespeare  Cliff  (Wan- 
ganui).  This  or  an  ally  from  the  Cretaceous  of  France ;  Faxoe ; 
Strehlen ;  the  Cenomanian  of  Saxony ;  and  Victoria. 

18.  LiCHENOPORA  BADIATA  (Aud.). 

Lichenopora  radiata.  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xl. 
p.  694 ;  Pergens,  Plioc.  Bry.  von  Rhodos,  p.  10. 

Loc.  Living:  British  Seas;  Mediterranean;  Australia.  Fossil: 
Pliocene  of  Europe ;  Australia ;  Waipukurau. 

19.  Lichenopora.  hispida  (Flem.). 

Lichenopora  hispida,  Waters,  Quart.  Journ.  Geol.  Soc.  vol.  xl. 
p.  694;  'Challenger'  Export,  vol.  xvii.  p.  26;  Pergens,  Plioc. 
Bry.  von  Ehodos,  p.  10. 

Loe.  Living  :  European  Seas  ;  Australia  ;  Tristan  d'Acunha,  100- 
1100  fath.  Fossil:  Miocene;  Eisenstadt  and  Morbisch.  Crag; 
the  Pliocene  of  Calabria ;  Mt.  Gambier ;  Bairnsdale  ;  Muddy  Creek ; 
Murray  Eiver ;  Waurn  Ponds ;  Waipukurau ;  near  Napier. 

20.  Lichenopora  cltpeipormis  (d'Orb.). 

Tuhtdipora  clypeiformis,  d'Orb.  Yoyage  dans  I'Amerique  M^ri- 
dionale,  vol.  v.  p.  19,  pi.  9.  fig.  5. 

There  are  some  thick  pieces  of  a  confluent  Lichenopora  from  near 
l^apier,  in  which  the  distinct  central  zocecia  are  raised  into  a  mound, 
and  start  from,  the  centre  of  the  subcolony,  thus  leaving  no  central 
space.  The  peripheral  zocecia  are  less  distinct,  and  this  portion 
resembles  L,  hispida.  The  zocecia  are  0-07  millim.,  and  the  inter- 
stitial pores  0*04  millim.,  both  being  smaller  than  in  L.  hispida. 
This  much  resembles  Bimulticavea  variabilis,  d'Orb.,  but  differs 
from  the  Aldinga  specimen  in  size,  the  centre  of  each  colony  being 
only  about  3  millim.  from  the  centre  of  those  round  it,  and  the 
zocecial  and  interstitial  pores,  as  mentioned,  are  also  smaller.     Pro- 
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bably  L,  variabilis  is  allied  to  L.  pristis,  which  in  some  subcolonies- 
shows  a  tendency  to  multiserial  rays. 

Loc.  Living :  lies  Malouines.     Fossil :  near  Napier  ;  Waikato. 

21.   LiCHBNOPOBA.  WANGAlOriENSIS,  sp.  nOV. 

The  specimens  from  Wanganui  are  in  single  disks,  about  5 
miUim.  wide,  with  10-20  multiserial  rays.  The  whole  of  the 
centre  tnmid,  with  the  tumid  portion  eictending  between  the  rays. 
The  covering  of  this  part  is  reticulated,  with  a  calcareous  finely 
perforated  crust  between  the  bars  of  the  reticulation.  Zooecial 
openings  about  0*13  millim.  wide. 

Lichenopora  wanganuiensis,  sp.  nov. ;  semi-diagrammatic,  to  show 
the  tumid  central  area.     (Enlarged  7  ^meters.) 


There  are  some  less  satisfactorily  preserved  specimens  from  near 
Napier,  which  are  usually  formed  of  confluent  colonies,  with  similar 
structure  of  the  central  portion. 

This  may  be  the  Discoporellu  mediterranea  of  Busk  (Cat.  Mar. 
Polyzoa,  pt.  iii.  p.  33,  pi.  xxxiv.  ^g.  4)  ;  but  this  is  doubtful,  and 
it  is  extremely  uncertain  whether  Busk's  is  the  same  as  Blainville's 
and  Michelin's  species. 

A  recent  specimen  from  Port  Phillip,  which  I  consider  to  be  L. 
echinata,  MaoG.  *,  has  the  central  cancelli  closed  by  a  reticulated  and 
perforated  crust ;  and  this  is  also  the  case  with  some  subcolonies  of 
what  I  named  Radipora  pxistulosa  from  Naples. 

Attention  has  most  been  paid  to  the  structure  of  the  rays  of 
Lichetiojyora ;  but,  for  purposes  of  classification,  it  seems  that  the 
central  portion  is  the  most  important ;  and  this  in  many  cases  has,  at 
different  stages,  quite  a  different  appearance,  so  that  both  young  and 
mature  specimens  should  be  described. 

This  is  also  allied  to  L,  califomica,  d'Orb. ;  but  specimens  from 
Port  Western,  Victoria,  have  the  central  part  covered  over  with  a 
continuous  minutely  perforated  crust,  which  spreads  for  a  short 
distance  between  the  rays.     We  are  hardly  in  a  position  at  present 

*  L,  pristis,  MiuK3l-.,  seemB  to  me  to  be  the  oonfluent  form  of  L.  echinatar 
MacG-.,  and  has  a  similar  structure  in  the  centre  of  the  suboolonies. 
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to  decide  upon  the  importance  of  the  difference  between  the  reticu- 
lated and  the  merely  perforated  crust. 

22.  LiCHENOPOBA  BOLETITOBHIS  (d'Orb.). 

Lichenopora  holetiformis.  Waters,  Quart.  Joum.  GeoL  Soc.  vol.  xl. 
p.  696,  pi.  xxxi.  figs.  20,  21. 

A  specimen  from  Waikato,  with  the  zoarium  in  a  single  layer 
and  coufluent  subcolonies,  and  with  the  biserial  rays  much  raised, 
surrounding  a  depressed  central  area,  appears  to  be  this  species. 
The  openings  are  all  about  the  same  size,  mostly  about  0*15  miUim, 

23.  LicHENOFOBA  HovLDswoBTHn  (Busk). 

DiscopcreUa  Houldtworthii^  Busk,  Cat.  Mar.  Polyzoa,  pt.  iii.  p.  33, 
pi.  zzz.  fig.  4. 

A  recent  specimen  from  Port  "Western,  in  Miss  Jelly's  collection, 
has  the  "denticles"  to  which  I  referred  (Bry.  Naples,  p.  276, 
pi.  xxiy.  fig.  11)  with  very  distinct  knobs;  but  the  shape  I  cannot 
make  out,  as  it  would  be  necessary  to  break  up  the  specimen.  This 
is  no  doubt  what  Mr.  Busk  means  by  stellate  pores;  but  the 
expression  might  have  a  different  meaning ;  comparison,  however, 
with  the  British-Museum  specimen  has  established  the  identity. 

The  zocecial  tubes  are  about  0*07  millim.,  and  the  canceUi  about 
0-08-0*09  millim.  in  diameter,  with  denticles  in  all  the  tubes.  The 
fossil  from  Waipukurau  corresponds  in  the  size  of  the  zoarium  and 
in  the  characters. 

This  resembles  Eadiopora  Francquana  and  Unicavea  coUis^  d'Orb. 
(Pal.  Fr.). 

Loe,  Living:  Ceylon  (B.);  Port  Western  (Victoria).  Fossil; 
Waipukurau. 

24.  Eeptocavba  aspeba,  sp.  nov.    (PI.  XVIII.  figs.  10  &  13.) 

The  greater  part  of  a  small  oyster-shell  is  thinly  incrusted  with 
this  species.  The  zooecial  tubes  rise  but  very  slightly  from  the 
general  surface,  having  the  side  of  the  peristome  which  is  directed 
away  from  the  growing  edge  slightly  raised  and  acuminate  ;  between 
these  are  small  interstitial  pores. 

Near  the  border  of  the  zoarium,  and  occasionally  elsewhere, 
radial  bilaminate  ridges  rise  from  the  surface,  with  zooecia  on  each 
side  corresponding  to  those  of  the  basal  structure.  Usually,  the 
ridges  rise  but  very  slightly  (not  more  than  1  millimetre),  tiiough 
in  one  case  a  narrow  foliaceous  expansion  rises  4  millim.  above  the 
surface  and  is  7  millim.  wide.  The  minute  structure  resembles  parts 
of  Lichenopora  hispidaf  and  on  that  account  the  specific  name  is 
chosen.  The  growth,  however,  is  that  of  Diastopora  or  Mesenteripora, 
In  the  interior  of  the  zooecial  and  interstitial  tubes  there  are  slight 
elevations,  which  no  doubt  represent  the  well-developed  "  rays  "  of 
EntaUyphora  intricaria^  &c.  There  is  a  recent  form  from  New 
Zealand,  which  is  at  any  rate  closely  allied.  This  last,  however,  is 
bilaminate,    the  laminae  being  large  and  contorted^  the  colony 
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having  originated  on  a  Catenicella  ;  in  the  zooBcial  tnhes  the 
closures  are  tenninal  with  small  excentric  tubular  projections,  and 
the  interior  of  the  zocecial  tubes  has  slight  projections  a  short 
distance  down. 

D'Orbign/s  generic  name  will  serve  very  well  to  show  the 
relationship ;  but  I  do  not  thereby  wish  to  convey  that  we  may  not 
some  day  have  to  place  it  in  a  better-understood  genus. 

Loc.  Waipukurau  Gorge. 

25.  Hetebopora  pellictjlata,  Waters. 

Heteropora  pelliculata,  Waters,  Journ.  R.  Mior.  Soc.  n.  ser.  vol.  ii. 
p.  390,  pi.  XV.  figs.  1,  2,  3,  4,  7 ;  Quart.  Journ.  Geol.  Soc.  vol.  xl. 
p.  (577,  pi.  xxxi.  figs.  24  &  28. 

Heteropora  neozelanica^  Busk,  Journ.  linn.  Soc,  Zool.  voL  xiv. 
p.  725,  pi.  XV.  figs.  1-4 ;  Nicholson,  Ann.  &  Mag.  Nat.  Hist.  ser.  5, 
vol.  vii.  1880,  p.  329. 

As  I  have  already  pointed  out,  direct  comparison  has  proved  that 
neozelanica  is  only  a  synonym.  This  comparison  was  made  with 
New-Zealand  specimens  kindly  furnished  by  Prof.  Nicholson  from 
the  same  locality  as  Mr.  Busk*8.  The  interior  was  well  preserved, 
but  the  exterior  was  corroded,  and  the  difference  in  the  shape  of 
growth  is  not  greater  than  in  the  series  of  Japanese  specimens  in 
the  British  Museum. 

This  may  also  be  ff,  magnifica^  Novak ;  but  under  any  circum- 
stances it  will  be  advisable  to  change  that  name,  as  there  is  a 
Multicavea  magnifica^  d'Orb.,  which  belongs  to  this  genus. 

The  branches  of  the  Napier  fossil  are  mostly  long  and  about 
3-4  millim.  in  diameter ;  the  apertures  of  the  zooBcia  are  about 
0*12  millim.,  and  the  interstitial  pores  are  only  slightly  smaller.  I 
do  not  find  that  any  of  the  Cretaceous  or  Jurassic  Heteroporce  in  my 
collection  have  the  apertures  larger  than  about  0*06  millim. 

The  recent  New-Zealand  specimens  have  slightly  larger  zooecia 
than  in  the  fossil,  or  in  those  from  Japan. 

Loc,  Living :  Japan ;  New  Zealand.  Fossil :  near  Napier  and 
"  Napier  Harbour." 

2Q,  Heteropora  napierensis,  sp.  nov. 

There  are  a  number  of  specimens  from  near  Napier,  which 
I  at  first  thought  were  only  stout  growths  of  //.  pellicula ta ; 
but  this  does  not  seem  to  be  the  case,  as  the  zooDcial  interstitial 
pores  are  usually  about  half  the  size  of  those  of  the  fossil  FT, 
peUiculatay  those  in  H,  napierensis  being  only  about  0*06  millim. 
The  zoarium  is  sometimes  formed  of  superposed  layers,  either 
entirely  or  over  part  of  the  surface,  and  in  some  there  is  also  a 
tendency  to  slight  tuberculation  of  the  surface. 

The  zoarium  grows  from  a  stout  base  or  peduncle,  from  which 
arise  several  (in  one  case  8)  short  thick  branches  (5-8  millim.),  with 
round  thickened  ends,  having  much  the  appearance  of  some  of  the 
large  calcareous  seaweeds. 
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There  are  sometimes  tabulae  in  various  positions  in  the  zooecial 
tubes,  but  only  one  or  two  in  a  tube,  and  not  many  as  in 
M.  conifera. 

This  may  be  the  H,  faraminulenta  of  Novak. 

Loc.  Fossil :  Napier  and  **  Napier  Harbour." 

27.  Ceisina  cancellata  (Goldf.).    (PI.  XVIII.  figs.  8  &  11.) 

BeUpora  cancellata^  Ooldfuss,  Petr.  Germ.  p.  103,  t.  36.  fig.  17. 

IdmoMa  cancellata^  Eeuss,  Foss.  Polyp,  des  Wiener  Tert.  p.  46, 
pi.  V.  figs,  25-27,  pi.  vi.  fig.  33 ;  Maozoni,  Bri.  foss,  del  Mioc. 
d'Austr.  ed  Ung.  p.  7,  pi.  v.  fig.  18. 

Zoarium  from  Napier  10  millini.  high  and  10-25  millim.  across, 
formed  of  anastomosing  branches  l'5-2'5  millim.  in  diameter.  The 
branches  are  subtriangular,  that  is,  they  have  a  flat  surface  on  the 
front  between  the  series  of  zooecia,  and  the  dorsal  surface  is  slightly 
rounded.  The  series  consist  of  four  or  five  zooecia,  which  are  not 
very  prominent ;  and  on  the  surface  between  these  as  well  as  the  fiat 
part  on  the  front,  and  ako  the  dorsal  surface,  are  numerous  tubular 
pores,  which,  however,  in  some  parts  open  diagonally  instead  of 
vertically.  This  internal  structure  is  shown,  in  Manzoni's  figure  of 
Jdmonea  foramvwm,  Ilss.  (Bri.  foss.  Austr.  ed  Ung.  pt.  iii.  pi.  iv. 
fig.  16  6). 

A  specimen  from  Waipukurau  is  decidedly  smaller,  with  the  fiat 
space  in  front  very  narrow  ;  so  that  the  section  is  nearly  triangular. 
At  the  bifurcation  in  this  specimen  there  is  an  ooecial  inflation,  the 
surface  of  which  has  large  pores. 

I  do  not  consider  that  this  can  remain  under  Idnwnea,  and  have 
used  d'Orbigny's  name  of  Crisina^  a  genus  under  which  Keuss, 
Manzoni,  and  Stoliczka  have  placed  species  with  a  similar  structure. 
The  chief  character  must  be  considered  to  be  the  interstitial  tubes 
between  the  zooecia,  and  in  many  of  d'Orbigny's  Crisince  there  is  a 
space  between  the  two  lateral  series  of  zooecia  ;  in  Laterocavea  and 
in  Semkellaria  ramosa  also  the  structure  with  the  small  pores  is 
similar.  Possibly  it  might  be  called  Laterocavea  punctata,  d'Orb. 
It  is  larger  than  Crishia  foraminosa,  Bas.  (Septarienthon,  p.  109, 
pi.  ix.  fig.  6) ;  but  it  is  no  doubt  closely  allied  to  this  as  well  as  to 
C,  eanaliculata, 

Loc,  Fossil:  Miocene  of  Austria  and  Hungary;  near  Napier; 
^Vaipukurau. 

Since  the  above  was  written,  Messrs.  Pergens  and  Meunier  have 
g:iven  a  long  list  of  synonyms  to  Idmoma  cancellata  from  Faxoe  (see 
Ann.  Soc.  B.  Malac.  de  Belgique,  vol.  xxi.  p.  214). 

2S,  Cbassohohnera  waipukurexsis,  sp.  nov.     (PI.  XVIII.  figs.  2, 
3,  4,  &  9.) 

There  are  two  fossils  from  the  cutting  near  Waipukurau  gorge, 
which  certainly  seem  to  be  Bryozoa,  and  which  it  is  best  to  designate 
for  future  comparison. 

The  one  has  broad  thick  branches,  and  the  zoarial  growth  is 
apparently  like  that  of  TruncatuUi  or  Osculipora,  with  round  openings 
Q.J.G.S.  No.  171.  2  b 
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0*25  millim.  wide,  regularly  covering  the  front,  while  the  dorsal 
surface  is  sulcate,  with  elongate  pores  in  the  sulci.  The  front  and 
back  therefore  correspond  in  structure  with  Homera,  The  other 
specimen  has  the  branches  compressed ;  but  the  anterior  and  dorsal 
structures  are  the  same.     This  grows  from  a  small  flat  base. 

Ceriopora  arhusculum.  Rss.  (Foss.  Polyz.  Wien.  Tert.  p.  34,  pi.  v. 
figs.  12,  13),  has  much  the  same  appearance ;  but  from  the  meagre 
description  identification  is  impossible. 

Should  more  perfect  specimens  show  that  it  is  advisable  to  retain 
the  provisional  name  of  Crassohomera,  the  genus  must  be  defined 
on  more  satisfactory  material. 

There  is  also  a  small  fragment  of  a  large  branching  Entahphora 
from  Waipukurau.  The  zooBcia  are  more  or  less  verticillate,  and 
there  are  two  or  more  to  a  row,  suggesting  a  relationship  to  such  a 
form  as  Peripora  ligerietisis,  d'Orb. 


EXPLANATION  OF  PLATE  XVIIL 

Fig.  1.  EntfUophora  wanganuiensis^  sp.  nov.     X  16. 

2,  3.  Crassohomera  waipukurensis^  sp.  nov.     Natural  size. 

4.  Front  of  Crassohomera  waipukurensis,  sp.  nov.     x  25. 

5.  Section  of  recent  EntaUrphara  intricaria^  B.     x  87. 

6.  '•  Rays  "  of  Entalophora  intricaria,  B.     X  250. 

7.  "  Kays  "  of  Lichenopora  radiata,  Aud.     X  750. 

8.  Front  of  Crisina  cancellata,  B«ub8.     X  25. 

9.  Dorsal  surface  of  Crassohornera  toaipukurensisj  sp.  nov.     x  26. 

10.  Beptocavea  aspera,  sp.  nov.    Natural  size. 

11.  Dorsal  surface  of  Crisina  cancellata.     x  25. 

12.  Tubulipora  biduplicata,  sp.  nov.    Natural  size. 

13.  Beptocavea  aspera,  sp.  nov.     X  7. 

14.  TubiUipora  hiduplicata^  sp.  nov.     X  7. 

15.  Tubulipora  Ca^npicheana^  d'Orb.     X  7. 
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26.  On  tJie  Eocks  of  the  Essex  Drift.     By  the  Eev.  A,  W.  Eowe, 
M.A.,  F.G.S.    (Eead  May  11,  1887.) 

The  rocks  of  the  drift  in  Essex  ato  of  such  great  variety  that  it  is 
very  difficidt  to  get  a  really  representative  collection ;  but  I  have 
selected  some  two  hundred  specimens  out  of  a  much  larger  number, 
and  these,  I  think,  niay  fairly  be  called  representative,  at  any  rate 
of  the  rocks  in  the  western  and  north-western  parts  of  Essex.  Some 
of  these  are  chips  from  large  boulders,  others  are  rolled  pebbles.  I 
have  gathered  them  from  the  surface  of  the  land  within  a  radius  of 
about  four  miles  from  Felstead,  taking  them  chiefly  from  the  open 
fields,  the  lanes,  ditches,  and  bye-roads,  and  avoiding  the  main  roads 
for  obvious  reasons,  although  no  imported  road-metal  is  used  in  the 
immediate  neighbourhood.  A  considerable  number  have  been  taken 
out  of  the  Boulder-clay,  and  some  few  from  the  gravel-beds  which 
underlie  it.  The  village  of  Felstead  stands  upon  high  ground  over- 
looking the  valley  of  the  Chelmer,  about  six  miles  to  the  north-west  of 
Braintree  and  just  off  the  highroad  between  Braintree  and  Dunmow. 
The  general  appearance  of  this  part  of  Essex  is  that  of  a  tableland 
which  has  been  carved  out  into  valleys,  with  gently  sloping  rounded 
hills.  On  the  slopes  of  these  hills  there  are  at  all  levels,  even  to  the  very 
tops,  beds  of  loamy  gravel,  alternating  with  a  considerable  thickness 
of  stiff  yellow  loam  in  some  parts,  and  in  others  with  chalky  Boulder- 
clay,  patchy  of  which  lie  on  the  tops  of  the  hills  and  along  the  upper 
slopes,  sometimes  reaching  down  to  a  considerable  depth,  while  here 
and  there  the  London  Clay  comes  to  the  surface.  The  way  in  which 
the  superficial  deposits  lie  was  clearly  shown  a  short  time  ago  by  a 
section  which  had  been  made  in  the  railway-cutting  near  Dunmow. 
Unfortunately  this  has  become  covered  up  again ;  but  at  the  time 
it  was  made  a  small  photograph  of  it  was  taken  for  me  by  a  fnend. 
The  section  showed  that  there  were  between  six  and  seven  feet  of 
chalky  Boulder-clay,  part  of  which  only  was  uncovered,  resting 
upon  a  layer  of  red  and  yellow  laminated  clays,  a  few  inches  thick, 
overlying  some  twelve  feet  of  reddish  loamy  gravel,  consisting  of  large 
and  small  subangular  flints,  quartzites,  quartz-rocks,  sandstones, 
and  lumps  of  hard  chalk,  these  last  being  very  plainly  striated. 
Between  the  chalky  day  and  the  laminated  clays  a  large  block  of 
Jurassic  limestone  could  be  seen  sticking  out,  and,  upon  examination, 
it  was  found  to  be  deeply  grooved  with  striae  upon  more  than  one 
face.  I  had  previously  found  a  similar  block  sticking  out  from 
under  the  Boulder-clay,  about  a  hundred  yards  away  from  this  section 
in  the  same  cutting,  and  this  also  was  striated  in  a  similar  manner. 
But  besides  the  numerous  beds  of  gravel,  the  surface  is  everywhere 
strewn  with  fragments  of  rocks,  rounded  pebbles,  and  flintstones ;  and 
in  cutting  open  grips  for  surface-draining,  or  in  deepening  ditches 
and  ponds,  large  masses  of  flint,  rounded  boulders  of  quartzite  and 
sandstone^  and  great  blocks  of  dolerite  and  other  rocks  are  thrown 
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out  upon  the  land  or  into  the  lanes,  or  are  carted  off  to  the  farmyards 
to  repair  walls  or  to  serve  as  mounting-stones,  or  to  fill  up  holes 
in  front  of  the  doorways.  And  upon  comparing  those  which  I  know 
have  been  taken  out  of  the  Boulder-day  with  the  rocks  which  lie 
upon  the  surface,  I  have  found  them  to  be,  as  a  rule,  so  precisely 
similar  in  character  as  to  leave  no  room  for  doubt  that  the  great 
majority  of  them  belong  to  the  same  series.  On  the  other  hand,  there 
are  certain  fragments  of  rock  found  upon  the  surface  whose  presence 
there  is  doubtless  due  to  other  causes  than  the  glacial  drift,  such  as 
fragments  of  Jurassic  limestone  and  of  hard  chalk  rock  (used  in  earlier 
times  for  building  churches  and  priories),  and  pieces  of  a  trac^hytic  rock 
closely  resembling  that  which  the  Bomans  imported  from  Germany  for 
use  as  millstones.  Yet,  making  all  allowance  for  such  fragments,  there 
still  remain  the  facts  that  an  immense  number  of  boulders  and  frag- 
ments, some  of  very  large  size  and  nearly  all  polished  and  smoothed 
and  rounded  in  a  remarkable  manner,  are  found  lying  on  the  surface, 
which  cannot  conceivably  have  come  so  far  from  where  they  are 
found  in  situ  in  any  other  way  than  as  having  been  included  in  the 
drift ;  and  that,  wherever  the  surface  of  the  ground  is  being  broken 
up  at  the  present  day,  exactly  similar  boulders  and  fragments  of  rock 
are  being  dug  up  and  left  lying  on  the  surface.  These  do  not,  however, 
appear  to  belong  to  the  same  period  as  the  beds  of  gravel ;  for  not  only 
is  the  general  appearance  of  the  stones  in  the  gravel-pits  very  different 
from  the  appearance  of  those  found  on  the  surface,  but  also,  though 
quartzites,  sandstones,  and  quartz-rocks  abound  both  in  the  gravels 
and  on  the  surface,  yet  I  have  not  found  any  fragments  of  hard  crystal- 
line limestone  or  of  Jurassic  limestones  in  the  gravel-beds,  and  only  two 
or  three  fragments  of  dolerite,  and  these  so  decomposed  that  only  a  very 
small  core  was  still  crystalline ;  whereas,  among  the  stones  on  the 
surface,  blocks  of  hard  crystalline  limestone  and  of  Jurassic  limestone 
are  most  abundant,  and  there  are  a  very  great  number  of  boulders  of 
dolerite,  some  of  considerable  size,  of  which  the  crystalline  components 
are  as  sharp  and  fresh  as  if  they  had  just  been  struck  off  from  an  almost 
un weathered  mass.  The  very  great  variety  in  those  rocks  makes  it 
ver}*  difficult  to  classify  them  at  all  satisfactorily  ;  so  much  so,  that 
after  having  examined  several  hundred  pieces,  and  having  made 
microscopic  sections  of  at  least  one  hundred  and  fifty,  I  find  that  I 
can  do  little  more  than  form  them  into  groups,  and  point  out  the 
common  features  of  each  group,  making  special  mention  of  any 
specimen  which  seems  to  n^quire  it. 

Granite, — It  is  somewhat  more  convenient  to  take  the  igneous 
rocks  first  and  to  consider  the  sandstones  and  limestones  afterwards. 
And  the  first  group  of  igneous  rocks  should  have  included  the  granites 
or  orthoclase-quartz-mica  rocks  ;  but  though  I  have  searched  care- 
fully for  them,  yet  I  have  not  been  able  hitherto  to  find  a  single 
specimen  of  granite.  This  is  the  more  remarkable,  because  I  under- 
stand that  rocks  of  this  class  are  not  unfrequently  found  in  the 
Boulder-clay  both  in  Norfolk  and  in  Lincolnshire. 

Syenite. — The  rocks  of  this  class  are  also  very  rarely  met  with. 
At  present  I  have  found  only  two  small  specimens  (noa.  1,  2).     Of 
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these,  the  former  consista  chiefly  of  plagioclase  and  horablende,  with 
some  good  examples  of  magnesia-mica  (biotite),  and  is  therefore  an 
orthockse-plagioclase  syenite,  and  the  latter  is  a  pinkish-grey  rock 
with  not  mnch  hornblende,  and  that  in  specks.  It  resembles  a  flne- 
grained  granite,  and  appears  to  be  like  the  rock  described  by  Mr.llutley 
in  his  article  "  On  the  Igneous  Rocks  of  the  Warwickshire  Coal-field' 
(Geol.  Mag.  December  1886,  p.  559),  though  there  is  not  much  plagio- 
clase in  the  section  which  I  have  taken. 

Quartz  porphy rites. — These  rocks  seem  to  abound  in  the  drift. 
The  specimens  I  have  are  numbered  3,  5,  6,  7,  110,  111,  112,  115 ; 
the  character  of  the  last  four  being  so  difficult  to  determine  that  I  liad 
at  first  placed  them  in  another  group ;  but  upon  the  whole  they 
appear  to  belong  to  the  porphyritic  quartz-rocks.  Some  of  thcsje 
specimens  are  very  close-grained  and  compact ;  but  in  others  the 
porphyritic  crystals  are  very  distinct,  and  in  two  or  three  cases  they 
are  so  large  and  abundant  as  to  give  the  rock  the  character  of  a 
conglomerate.  The  ground-mass  varies  from  a  distinctly  felsitic 
character  to  a  mosaic  of  small  grains.  The  crystals  of  quartz  are, 
in  some  cases,  mere  rounded  blebs  ;  while  in  others  they  are  much 
larger,  with  more  or  less  distinct  outline,  though  usually  rounded. 
They  are  frequently  cracked,  and,  in  almost  all  cases,  are  full  of 
minut«  enclosures  and  lines  of  dust.  Crystals  of  felspar  also  occur 
full  of  enclosures,  much  worn,  and  so  decomposed  as,  in  some  cases, 
to  present  a  mealy  appearance.  In  no.  7  there  is  an  appearance  of 
fluxion-structure. 

Quartz-tourmaline. — Kocks  of  this  class  also  seem  to  be  very 
abundant.  The  specimens  are  numbered  4,  8,  9,  10,  11,  12,  108, 
109,  113,  114.  The  ground-mass  is  granitic ;  but  the  grains  vary 
very  much  in  size.  They  contain  schorl  in  abundance,  either  in 
needles  enclosed  in  other  crystals,  or  in  aggregates  of  grains  with  a 
decided  tendency  to  a  fan-shaped  or  radiate  formation,  or  in  spheroidal 
patches,  or  else  in  long  lines  passing  irregularly  through  the  section 
like  thin  threads.  One  of  these  sections  (no.  113)  seems  to  call  for 
special  mention,  as  it  is  in  many  respects  a  remarkable  rock.  The 
specimen  is  part  of  a  large  rounded  boulder  of  very  great  hardness, 
which  I  dug  out  from  the  gravels ;  it  is  perfectly  smooth  and  highly 
polished,  and  has  very  narrow  almost  parallel  bands  of  yeUow 
alternating  with  narrow  bands  of  black,  so  as  to  give  it  a  peculiar 
striped  appearance.  The  fractured  surface  is  quite  dull  and  very 
compact.  The  microscopic  section  shows  a  microcrystaUine  mosaic 
of  quartz,  alternating  with  numerous  dark  bands  composed  of  tour- 
maline with  dark  amorphous  matter. 

Fehites, — Of  these  rocks  I  have  found  only  four  specimens  (nos.  14, 
15,  16,  17),  and  these  are  all  more  or  less  devitrified.  Nos.  14  and 
15  are  very  dark  compact  rocks,  of  sp.  gr.  2*65.  The  section  of 
no.  14  shows  a  spherulitic  structure  and  fiuxion-arrangement ;  but 
that  of  no.  15  is  entirely  spherulitic,  for  the  spherulites  press 
so  closely  upon  one  another  as  to  fill  up  the  whole  space.  In 
no.  16  there  is  a  fairly  wide  band  ])assing  through  the  section,  in  which 
crystallites  are  plainly  discernible  in  long  rods,  and  in  many  casos 
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radiating  from  oentres ;  the  spherolites  are  more  apparent  in  the 
very  microorjstalline  portion.  But  no.  17  is  an  entirely  different 
rock,  of  a  pinkish-white  appearance  and  not  doae-grained :  the 
section  of  this  rock  reveals  a  remarkahle  perlitic  structure,  the  small 
narrow  bands  being  apparently  composed  of  minute  grains  of  quartz ; 
the  section  also  contains  several  circular  aggregates  of  dear  felspar. 
I  have  been  informed  that  devitrified  rhyolites  of  this  character  are 
stated  to  have  been  found  in  Sweden,  at  Elvedalen,  in  Hcdemarken. 

Quartz-trachytes, — The  only  specimen  that  I  have  found  of  these 
rocks  is  numbered  18 ;  the  texture  of  the  rock  is  fine-grained  and 
compact,  though  vesicular  in  places;  the  section  shows  that  the 
ground-mass  is  really  vitreous,  though  so  filled  with  minute  grains 
of  quartz  as  to  give  it  an  appearance  of  a  finely  granitic  character ; 
it  contains  some  larger  crystals  of  quartz  and  orthoclase  with 
abundant  enclosures  and  bubbles. 

Felspar-^orphyrites, — ^These  rocks  are  exceedingly  abundant  in 
the  drift;  the  specimens  are  numbered  from  19  to  38.  They 
vary  very  much  in  appearance,  but  in  all  of  them  the  porphyritic 
felspar  can  be  clearly  seen  in  the  hand-specimens,  though  none  of 
the  crystals  are  of  any  great  si^e ;  the  sections  show  generally  a 
crypto-crystalline  felsitic  base,  enclosing  porph}Titic  crystals  of 
orthoclase  and  plagioclase,  but  chiefly  plagioclase — in  some  cases 
perfectly  dear  and  transparent,  in  others  in  various  stages  of  decom- 
position, much  cracked  and  with  outlines  broken  and  indistinct ;  in 
some  sections  the  felspar  is  altered  into  a  mealy  appearance,  in  others 
it  has  a  pearly  lustre.  Augite  is  occasionally  present  in  granular 
aggregates  or  in  scattered  crystals,  and  in  some  cases  quartz.  Some 
fine  instances  of  zonal  structure  in  felspar  occur,  notably  in  no.  21, 
and  some  sections  contain  tourmaline  in  abundance,  especially  nos. 
22  to  32  ;  this  last-mentioned  specimen  is  in  many  respects  worthy 
of  notice,  and  it  is  questionable  whether  it  ought  not  really  to  be 
included  among  the  quartz-tourmaline  rocks.  The  hand-specimen 
is  of  a  dark  grey  colour  and  very  vesicular,  the  cavities  being 
lined  with  minute  pyramidal  crystals  of  quartz  and  with  minute 
crystals  of  tourmaline.  In  the  section  the  porphyritic  felspar 
seems  to  be  made  up  of  aggregates  of  minute  crystalline  grains 
corresponding  with  the  grotmd-mass.  The  quartz  is  abundant, 
chiefly  in  aggregates ;  but  one  long  and  very  clear  crystal  shows 
twinning  under  crossed  nicols,  one  half  remaining  dark  shot-grey, 
the  other  pale  yellow ;  on  rotation  both  extinguish  partially  and 
simultaneously;  when  the  nicols  are  not  crossed,  the  pale  yellow 
part  on  rotation  shows  dark  purplish  blue  changing  to  pale  yellow, 
but  the  other  half  shows  no  colour  at  aU.  Nos.  33  and  34  are  typical 
augite-andesites ;  in  both  the  base  is  very  vitreous  and  in  34  it  shows 
great  disturbance  and  fl  uxion-structure  very  clearly.  The  plagioclase 
is  very  clear,  though  much  broken,  and  there  are  some  good  examples 
of  zonal  structure.  The  augite  in  34  is,  in  most  cases,  either  enclosed 
within  the  felspar,  so  that  only  a  border  of  felspar  is  visible,  or  else 
attached  to  it,  in  some  cases  lying  partly  within  the  felspar,  partly 
in  the  base ;  in  33  there  are  some  good  examples  of  a  distinctly 
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pleochroic  mineral  of  the  enstatite  group  altering  into  bastite,  the 
pleochroism  being  from  pale  green  to  brown.  No.  38  contains  a 
considerable  amount  of  hornblende  in  irregular  crystals,  some  of 
which  is  enclosed  in  the  felspiir. 

Trachytes. — I  have  found  a  fair  number  of  specimens  of  these 
rocks  among  the  stones  on  the  surface,  but  I  am  very  doubtful 
whether  they  really  belong  to  the  drift  or  were  imported,  probably 
in  very  early  times,  for  use  as  millstones ;  for  I  have  found  not  only 
a  curious  small  millstone  made  from  this  rock,  but  some  other  pieces 
also  grooved  and  marked  in  an  evidently  artificial  manner.  A  section 
&om  the  millstone  was  kindly  examined  by  Professor  Bonney  and 
pronounced  by  him  to  be  very  similar  to  the  well-known  Nieder- 
mendig  rock.  They  are  vesicular  rocks  of  a  dark  grey  colour 
approaching  to  black,  and  of  a  trachytic  texture ;  the  sections  vary, 
no.  39  showing  crystals  of  plagioclase  and  hornblende  in  a  base 
composed  of  microliths  of  felspar  and  grains  of  hornblende.  No.  40 
has  a  vitreous  base,  enclosing  abundant  augite,  but  not  much  horn- 
blende ;  in  43  the  augite  is  again  abundant  and  there  are  some  fine 
instances  of  zonal  structure :  in  all  these  rocks  the  crystals  of  augite 
and  hornblende  are  surrounded  by  a  distinct  narrow  border  much 
lighter  in  colour  and  showing  no  pleocliroism  ;  under  crossed  nicols 
both  crystal  and  border  extinguish  together,  but  in  some  cases  appear 
to  leave  a  narrow  rim  of  light  between  the  crystal  and  the  border. 

Dolerites. — Bocks  of  this  class  are  exceedingly  abundant  in  the 
drift,  but  they  are  all  of  a  more  or  less  fine-grained  character ;  all 
the  coarser  dolerites  and  all  those  of  a  true  ophitic  character  are 
remarkable  for  their  absence.  Moreover,  I  have  not  as  yet  found  any 
specimens  of  columnar  dolerites,  though  I  understand  that  these 
rocks  are  of  very  common  occurrence  in  the  drift  in  the  east  of 
England ;  but  of  those  which  I  have  found,  some  are  in  very  large 
blocks,  much  polished  and  rounded,  but  only  a  few  retain  any  striffi  : 
one  of  these  blocks,  which  was  dug  up  out  of  a  ditch  some  few 
years  ago  and  taken  to  the  farm  where  it  now  lies,  measures  roughly 
3  ft.  X  3  ft.  X  1  ft.  4  in.,  it  is  much  rounded  and  polished  and 
in  one  small  part  of  it  the  strise  are  very  clear ;  another  large  block 
was  lately  dug  from  a  depth  of  several  feet  in  a  clay-pit,  in 
which  the  yellowish- white  clay  is  full  of  whitened  flints  very  plainly 
striated,  like  those  numbered  173,  one  of  which  came  from  this  clay  ; 
the  block  was  found  broken  or,  rather,  cracked  into  several  large 
fragments.  The  specimens  of  these  dolerites  are  numbered  44  to 
94,  and  may  be  divided  into  five  groups  : — The  ji^r**  group  comprises 
nos.  44  to  52 ;  these  are  of  a  fine-grained  character  and  a  dark 
greenish-grey  colour,  the  crystals  being  just  perceptible  to  the  naked 
eye ;  under  the  microscope  the  texture  is  seen  to  be  subophitic ;  they 
are  plagioclase-augite-olivine  rocks,  the  plagioclase  being  usually 
in  microliths  or  else  in  lath-shaped  crystals  ;  the  augite  in  aggregates 
or  distinct  crystals,  in  some  cases  rather  highly  coloured ;  the  olivine 
varying  very  much,  being  sometimes  so  much  altered  that  nothing 
but  the  outline  remains  the  same,  in  other  cases  being  very  fresh 
and  clear  except  along  the  cracks,  and  in  some  instances  being  in 
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aggregates ;  in  nos.  47  and  52  the  magnetite  is  in  skeleton  crystals ; 
the  specific  gravity  of  these  rocks  varies  from  2*86  to  2*90.  The  second 
group  comprises  nos.  53  to  60,  rocks  of  a  greyish-brown  colour  and 
fine-grained ;  of  these  no.  59  is  one  of  the  few  pieces  that  I  have 
found  in  the  gravels,  and  no.  60  is  so  much  altered  that  it  is  some- 
what difficult  to  distinguish  its  component  crystals  ;  they  are  plagio- 
clase-augite  rocks,  of  a  subophitic  texture  and  containing  no  olivine ; 
the  augite  is  in  almost  all  cases  in  granular  aggregates  and  the 
plagiodase  in  microliths.  The  magnetite  in  some  cases  is  in  large 
plates  and  skeleton  crystals  enclosing  augite  and  plagiodase ;  they 
appear  to  contain  a  little  biotite ;  the  specific  gravity  of  these  rocks 
varies  from  2*81  to  2*93.  The  specimens  in  these  two  groups  have  a 
general  resemblance  to  the  subophitic  dolerites  of  Central  England, 
some  being  very  suggestive  of  the  Eowley  Kag,  and  others  of  the 
Tideswell  Dale  rocks ;  but  upon  comparing  them  with  the  sections 
which  I  have  made  of  the  Rowley  Kag,  the  Tideswell  Dale  rock,  and 
the  Mount  Sorrell  dolerite,  and  with  Mr.  AUport's  sections  of  the 
Central  England  rocks,  I  could  not  find  any  such  definite  points  of 
resemblance  as  would  enable  one  to  say  with  any  certainty  whatever 
that  they  are  difierent  parts  of  the  same  rock.  On  the  other  hand, 
they  do  not  appear  to  have  any  special  points  of  similarity  with  the 
north  of  England  dolerites ;  and  upon  comparing  them  with  some  few 
sections  which  I  have  of  the  dolerites  of  Southern  and  Eastern  Scot- 
land and  with  Dr.  A.  Geikie's  description  of  these  rocks  in  the  Trans- 
actions of  the  Royal  Society  of  Edinburgh,  I  could  not  discern  any 
real  points  of  resemblance.  They  may  be  found  to  be  identical  with 
some  of  the  Scandinavian  dolerites,  but  they  are  altogether  difierent 
from  the  few  specimens  of  those  rocks  which  were  sent  me  from  Sweden. 
The  third  group  of  dolerites,  nos.  61  to  83,  includes  some  remarkable 
specimens  of  plagiodase- augite-olivine  rocks  of  trachytic  texture,  the 
magma  in  some  cases  being  exceedingly  vitreous.  These  are  all  very 
black-looking  close-grained  rocks,  the  crystals  not  being  discernible 
with  the  naked  eye,  except  the  olivine  :  one  of  these,  no.  69,  is  from 
the  gravel ;  but  the  specimen  was  so  decomposed  that  it  was  only  from 
the  core  of  it  that  a  good  crystalline  section  could  be  obtained.  The 
magma  of  these  rocks  is  vitreous,  the  plagiodase  generally  in 
minute  microliths  and,  as  a  rule,  not  abundant,  in  some  few  cases  in 
granular  aggregates,  but  generally  in  well-formed  crystals,  some- 
times porphyritically  developed  and  of  a  fairly  dark  colour ;  the 
olivine  usually  porphyritic,  in  some  cases  remarkably  clear  and  fresh, 
but  occasionally  altered,  and  in  a  few  instances  it  is  in  granular 
aggregates.  The  magnetite  is  often  in  minute  rounded  grains,  as  if 
the  section  had  been  powdered  with  it ;  in  some  cases  it  partially 
or  completely  fills  up  crystals  of  olivine,  and  in  a  few  sections  it  has  a 
linear  arrangement.  The  specific  gravity  of  these  rocks  varies  from 
2-90  to  3*02.  So  far  as  I  have  been  able  to  judge,  these  dolerites 
have  neither  any  general  nor  any  special  likeness  to  the  dolerites  of 
Central  England,  except  perhaps  in  these  two  respects,  viz.  that  in 
nos.  76, 80, 81,  the  olivine  is  in  granular  aggregates,  which,  I  think,  is 
somewhat  unusual,  although  I  believe  it  occurs  in  some  specimens 
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firom  the  Rowley  Bag;  and  that  nos.  64,  65,  66  have  some 
points  of  resemblance  to  a  rock  from  Swinnerton  Park  and  to  a 
boulder  found  near  Leicester  which  resembles  that  rock  ;  but  they 
differ  in  one  most  important  point,  viz.  that  nos.  64,  65,  66  contain 
porphyritic  augite,  remarkably  well  developed,  whereas  I  under- 
stand that  neither  the  Swinnerton-Park  basalt  nor  the  Leicester 
boulder  contain  porphyritic  augite  at  all.  These  dolerites,  more- 
over, are  totally  unlike  any  of  the  known  dolerites  of  the  north 
of  England ;  they  are,  however,  remarkably  similar  to  some  Scandi- 
navian rocks,  and  this  is  especially  so  in  the  case  of  those  very 
specimens,  no.  64,  65,  66,  which  differ  from  the  Central  England 
rocks,  and  in  that  very  point  in  which  they  so  differ,  viz.  in  their 
containing  porphyritic  augite ;  for  upon  comparing  them  with  some 
specimens  sent  me  from  Sweden  and  labelled  Pilahall  (Scanie), 
Gustafsborg  (Scanie),  and  Anneklef  (Scanie),  the  general  similarity 
between  them  is  in  itself  striking;  and  besides  this  the  sections  show 
that  they  are  almost  identical  in  the  following  points :  — the  clearness 
of  the  olivine,  the  porphyritic  development  and  sharpness  of  outline 
of  the  augite,  the  peculiar  greenish  appearance  in  the  centre  of 
many  of  the  crystals  of  augite,  the  powdered  arrrangement  of  the 
magnetite,  and  the  specific  gravity  2'9. 

The  fourth  group  of  dolerites,  nos.  84  to  91,  includes  some  rocks 
of  considerable  interest.  They  are  of  a  dark  grey  colour,  as  a  rule 
very  close-grained,  some  being  less  so  and  lighter  in  colour  ;  they 
are  plagioclase-augite  rocks  of  a  subophitic  texture  ;  the  plagioclase 
is  usually  in  microliths  and  the  augite  in  granular  aggregates,  though 
in  88  and  89  it  is  in  distinct  crystds  with  fine  examples  of  twinning 
bands ;  these  specimens  are  so  remarkably  like  the  rocks  of  the  Whin 
Sill  as  almost  to  establish  an  identity,  for  not  only  is  there  a  very 
great  general  likeness  in  the  hand-specimens,  but  the  sections  show 
that  they  are  identical  in  several  points :  (1)  the  sections  of  the  drift- 
rocks  contain  white  colourless  augite  in  long  prisms,  (2)  they  have  some 
fine  examples  of  a  distinctly  pleochroic  mineral  of  the  enstatite  group 
(hypersthene?)  altering  into  bastite,  (Ji)  they  have  many  small 
grains  of  biotite  scattered  throughout  the  sections,  and  (4)  the  spe- 
cific gravity  of  nos.  86  and  88  is  2-93.  Upon  referring  to  Mr.  TeaU's 
article  upon  the  Whin  Sill  (in  Quart.  Journ.  Geol.  Soc,  vol.  xl. 
No.  160)  it  will  be  seen  that  the  first  three  points  are  special 
peculiarities  of  this  rock,  and  that  in  three  out  of  the  six  specimens 
mentioned  the  specific  gravity  is  2-94.  I  understand,  however, 
that  in  Central  Scotland  there  are  rocks  allied  to  the  Whin  Sill,  and 
that  the  Hunneberg  rocks  in  Scandinavia  have  been  shown  to  be 
very  similar  to  these  rocks  ;  the  two  specimens  from  the  Hunneberg 
which  I  have  are  of  a  totally  different  character,  so  much  so  that 
there  is  not  even  a  general  likeness  between  them  and  the  specimen 
which  I  have  of  the  Whin  Sill. 

The  fifth  group  contains  three  specimens,  nos.  92,  93,  94,  each  of 
which  seems  to  call  for  special  mention.  No.  92  is  a  piece  of  an 
exceedingly  hard  boulder  of  dolerite,  measuring  about  a  foot  each 
way  ;  the  boulder  is  completely  rounded  and  polished,  but  scarcely 
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at  all  weathered ;  the  section  shows  it  to  he  an  ophitic  hypersthene- 
bearing  dolerite,  this  being  the  only  really  ophitic  dolcrite  that  I 
have  found  in  the  drift ;  the  plagioclase  is  abundant,  but  much  of 
it  is  very  cloudy;  the  augite  fairly  abundant,  much  cracked  and 
broken ;  there  are  several  very  good  examples  of  hypersthene  both 
in  grains  and  in  distinct  crystals,  with  the  pleochroism  from  pale 
watery  green  to  orange  or  brownish  red  fairly  strong  ;  some  of  the 
crysttJs  are  much  cracked  and  some  almost  filled  up  with  dark 
yellowish-brown  alteration-matter ;  in  one  or  two  cases  a  fibrous 
structure  has  been  developed.  No.  93  is  a  remarkable  rock,  if  it  be 
a  genuine  rock  specimen  and  not  a  slag ;  it  has  all  the  appearance 
of  a  slag,  being  very  black  and  vesicular,  and  the  magnetite  is  the 
great  feature  of  the  rock ;  but  it  is  also  composed  of  crystals  which 
polarize  in  bright  colours,  have  some  distinct  outline,  extinguish 
on  rotation,  though  not  simultaneously,  and  have  some  appearance 
of  cleavage;  its  specific  gravity  is  4-51.  The  remaining  specimen, 
no.  94,  is  a  plagioclase-augite  rock  of  trachytic  texture,  of  which  the 
plagioclase  is  the  great  feature;  for  not  only  is  it  in  abundant 
microliths  with  remarkably  distinct  fiuxional  arrangement,  but  some 
larger  crystals  are  enclosed,  which  are  of  anterior  consolidation  to 
the  ground-mass ;  the  section  reveals  a  structure  evidently  verj^ 
similar  to  that  of  which  Professor  Judd  speaks  in  his  article  on  the 
volcanic  rocks  of  the  north-east  of  Fife  (Quart.  Joum.  Geol.  Soc. 
vol.  xl.  p.  428),  where  he  says,  "the  minerals  of  the  second 
consolidation  consist  of  imperfectly  developed  microlites  of  felspar 
....  the  glassy  base  contains  numerous  trichites  ....  the  dis- 
position of  these  and  the  felspar  microlites  of  the  second  consoli- 
dation with  respect  to  the  larger  porphyritic  crystak  reveals  a  most 
striking  flow-structure ;  not  only  are  these  minuter  elements  of  the 
rock  arranged  in  irregular  parallel  bands,  but  they  are  crowded  in 
front  and  along  the  sides  of  the  porphyritic  crystals,  trailing  off 
behind  them." 

Oranuliies. — As  these  rocks  are  classed  by  some  authors  with  the 
eruptive  rocks,  and  by  others  with  the  metamorphic  rocks,  I  have 
placed  them  here  between  the  dolcrites  and  the  crystalline  schists. 
The  only  two  examples  which  I  have,  nos.  95,  96,  appear  to 
be  specimens  of  the  same  rock,  although  found  at  different  times 
and  in  different  localities.  The  rock  is  of  a  dark  grey  colour,  of 
a  holocrystalline  granular  texture,  and  of  a  slightly  schistose 
structure ;  the  sections  show  that  the  rock  contains  plagioclase 
and  orthoclase  in  abundance,  but  chiefly  the  former,  the  crystals 
showing  signs,  of  considerable  strain,  for  they  are  much  broken 
and  bent,  and  other  crystals  appear  to  have  been  forced  between 
the  broken  parts ;  the  hornblende  is  in  granules,  and  there  is  much 
secondary  hornblende  in  cracks  passing  through  the  sections,  and 
in  some  cases  through  separate  crystals,  dividing  them  but  not 
apparently  displacing  the  parts ;  the  rock  also  contains  hypersthene 
in  abundance,  in  grains  and  crj'stals,  and  some  biotite.  Air.  Teall 
kindly  examined  the  sections  for  me,  and  he  writes  me  that  they 
are  very  interesting  rocks  belonging  to  a  well- characterized  ty])e. 
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Similar  rooks  occur  in  Saxony,  where  they  are  known  as  pyroxene- 
granulites,  in  Sweden  (hyperito  of  Tomebohm),  in  Minnesota 
(augite-diorite  of  Strong),  near  Baltimore  (gabbro  or  hypersthene- 
gabbro  of  Williams),  and  in  Scotland,  where  they  have  not  been 
described.  The  original  minerals  appear  to  have  been  augite, 
hypersthene,  magnetite,  and  plagioclase;  the  plagioclase  of  the 
Baltimore  rocks  is  bytownite ;  in  most  districts  where  they  occur 
they  show  a  considerable  amount  of  variability  in  their  mineralogical 
composition;  felspar  is  sometimes  abundant,  sometimes  absent; 
secondary  hornblende  is  frequently  present,  and  sometimes  it  entirely 
replaces  both  the  pyroxenes  *. 

Crystalline  Srkisls. — These  rocks  are  not  abundant  in  the  drift. 
The  specimens  are  numbered  97  to  105  with  171  and  180.  Of  these 
97  to  103  and  180  are  hornblende-schists,  and  are  of  a  greyish- 
green  colour  and  close-grained.  In  some  cases  they  are  evenly 
foliated  and  split  with  a  very  level  fracture ;  in  others  they  are  very 
hard  and  much  contorted,  as  in  no.  100,  a  section  which  was  taken 
from  a  large  boulder,  exceedingly  hard,  though  rounded  and  polished. 
The  sections  show  orthoclase,  as  a  rule,  cloudy  and  much  altered, 
quartz  not  in  any  great  quantity,  and  hornblende  varying  con- 
siderably. In  no.s.  97  and  99  it  is  in  long  prisms  (actinolite),  in  87  it 
is  in  irregular  grains  and  prisms  with  good  examples  of  transverse  and 
longitudinal  sections  and  with  some  instances  of  twinning.  In  101, 
102  it  is  not  nearly  so  abundant,  but  in  103  it  is  most  abundant  in 
grains  and  prisms  so  minute  that  the  hand-specimen  shows  a  very 
compact  structure  of  a  silky  appearance  in  which  it  is  hardly 
possible  to  detect  the  separate  cystals.  But  no.  98  is  the  most 
interesting  of  these  sections ;  for  besides  the  hornblende  and  some 
irregular  grains  of  a  colourless  mineral  showing  weak  tints  under 
crossed  nicols  (zoisite  ?  ),  it  also  contains  abundance  of  dark  blue 
tourmaline  (indicolite),  the  prisms  sometimes  showing  a  tendency 
to  gather  into  radiate  or  fan-shaped  groups.  The  fact  of  the 
occurrence  of  tourmaline  in  this  rock,  when  considered  in  connexion 
with  the  number  of  quartz-tourmaline  rocks  in  the  drift,  makes  it  at 
any  rate  probable  that  they  have  come  from  the  same  locality,  viz. 
from  some  locality  where  tourmaline-bearing  granite  is  intrusive  in 
hornblende-schists.  Nos.  104,  105,  and  171  are  mica-schists,  104 
being  granatiferous ;  this  section  was  from  a  block  of  considerable 
size,  and  the  garnets  are  fairly  abundant,  though  much  cracked  and 
broken. 

Quartzites  and  Quartz-Bocks, — These  rocks  are  most  abundant  in 
the  drift ;  the  quartzites  occur  in  very  large  boulders  as  well  as  in 
numberless  rolled  pebbles.  Sometimes  they  are  very  clearly 
banded,  but  in  most  cases  they  show  no  signs  of  banding.  They  are 
usually  very  fine  closo-grained  rocks  with  a  highly  lustrous 
fracture.  Quartz-rocks  occur  mostly  as  large,  rounded,  and  highly 
polished  boulders,  often,  especially  in  smaller  pebbles,  of  a  rose- 
red   colour.      The    only   specimens    I    have  of    these   rocks   are 

*  Lohmann  "Die  Entstehung  der  altkrvstalliniache  G-esteine."  Streng, 
IfeuM  Jahrbu3b,  1877.    Williams,  Bull.  U.  Sl  Gool.  Survey,  no.  28, 1886. 
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numbered  106,  107,  172,  and  of  these  the  section  of  107  is  full  of 
dark  lines,  apparently  lines  of  iine  dnst,  crossing  and  recrossing  the 
crystals. 

SUiciJled  Wood, — Some  few  specimens  of  silicified  wood  occur  in 
the  drift;  those  1  have  are  numbered  116,  117,  174;  of  these  llt5 
was  kindly  examined  for  me  by  Prof.  Williamson,  of  Victoria 
University,  and  he  considered  it  to  be  coniferous  and  probably 
Jurassic;  117  is  a  section  of  a  much  larger  fragment,  and  shows 
very  clearly  the  medullary  rays,  separated  by  interlacing  woody 
fibre. 

Sandstones, — These  occur  in  much  greater  abundance  in  the  drift 
than  any  other  rock  except  the  flint.  The  specimens  which  I  have 
selected  are  numbered  118  to  140  and  have  been  for  the  most  part 
struck  off  large  blocks  much  rounded  aud  polished.  Some  of  these 
blocks  are  very  large,  one  measuring  5  ft.  9  in.  x  3  ft.  6  in.  x  2  ft.,  aud 
as  this  lies  deeply  imbedded  in  the  soft  clay  ground,  it  must  be  nearly 

4  ft.  6  in.  in  width.  This  mass  was  dug  out  some  few  years  ago  and 
dragged  to  its  present  position,  where  it  forms  part  of  a  farmyard  wall 
within  a  mile  of  Eelstead ;  the  specimen  is  numbered  132.  In  the 
village  of  Felstead  there  is  a  raised  way,  the  outside  border  of  which 
is  formed  of  no  less  than  thirty-six  large  blocks  of  sandstone,  two  of 
limestone,  and  one  of  dolerite;  others  stand  near  farmhouses 
and  blacksmiths'  forges  and  in  front  of  inns.  The  majority  of 
them  are  ferruginous,  some  being  highly  so ;  a  fair  number  are 
completely  siliceous ;  as  a  rule  they  are  very  fine-grained,  some 
being  specially  compact  and  none  that  I  have  found  being  really 
coarse.  They  are  also,  with  two  or  three  exceptions,  entirely  un- 
ibssiliferous.  I  am  indebted  to  Mr.  H.  Keeping,  of  the  Wood- 
wardian  Museum  at  Cambridge,  for  having  examined  them,  and  he 
considered  them  to  be  for  the  most  part  Carboniferous  Sandstones, 
two  or  three  being  pebbles  of  Millstone  Grit ;  the  exceptions,  which 
are  fossiliferous,  are  first  a  block  of  hard  and  compact  reddish-yellow 
sandstone,  no.  128,  containing  casts  of  Aviculopccien  and  some  small 
fragments  of  crinoid  st^ms ;  and  next  two  large  blocks  of  a  greyish- 
yellow  sandstone,  no.  1 23,  one  measuring  3  ft.  3  in.  x  2  ft.  6  in.  x  1  ft. 

5  in.  One  of  these  forms  part  of  the  raised  way  in  the  village,  and 
consequently  I  cannot  do  more  than  just  chip  it.  The  other  and  larger 
block  lies  in  a  farmyard,  and  I  have  therefore  been  able  to  examine 
it ;  I  have  found  in  it  fragments,  but  only  fragments,  of  Pecten 
orbicularis ;  this  sandstone  has,  however,  a  peculiar  glazed  surface 
when  fractured,  and  Mr.  Keeping  recognized  it  as  being  of  the  same 
character  as  that  which  occurs  in  the  Lower  Green  sand  in  Lincoln- 
shire, and  which  he  has  described  and  figured  in  his  paper  on  the 
Lincolnshire  Neocomian  (Quart.  Journ.  Geol.  Soc.  vol.  xxxviii.).  I 
have  also  found  two  or  three  smaller  boulders  of  a  glauconite  sand- 
stone, which  probably  belongs  to  the  same  series.  In  addition  to 
these,  there  are  here  and  there  boulders  of  a  rather  soft  argillaceous 
sandstone,  but,  so  far  as  I  have  yet  discovered,  these  are  quite 
unfossiliferous  ;  and  boulders  of  the  coarse  conglomerate  known  as 
"  Hertfordshire  Puddingstono "  are  fairly  abundant,  some  of  them 
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being  of  considerable  size.  In  connexion  with  the  sandstones, 
it  may  perhaps  be  worth  mentioning  that  an  implement  made  from 
very  hard  sandstone  was  found  on  the  surface  close  by  Pelstead,  and 
brought  to  me  by  the  gentleman  who  found  it.  It  is,  I  believe, 
a  Palaeolithic  implement,  of  a  shape  rarely  found  in  England, 
and  may  have  been  lying  in  the  clay ;  this  seems  the  more  likely 
from  my  having  found  two  small  implements  and  two  abraded 
quartzite  pebbles  in  the  clay-pit  mentioned  above.  They  were 
taken  out  of  a  yellowish-white  day  full  of  striated  flints  and  resting 
on  chalky  Boulder-clay. 

Limestones, — These  are  also  found  in  considerable  abundance  in 
the  drift;  the  specimens  nos.  141-169  belong  to  the  Carboniferous, 
Triassic,  Jurassic,  and  Cretaceous  series.  Of  the  Carboniferous, 
there  are  boulders  and  fragments  of  all  sizes,  some  being  of  con- 
siderable size,  for  one  measures  2  ft.  3  in.  x  2  ft.  x  1  ft.  3  in.,  and 
another  2  ft.  x  1  ft.  6  in.  x  1  ft.  They  have  become  weathered  to  a 
light  bluish  grey  and  are  smoothed  and  rounded,  but  I  have  not  de- 
tected any  striation.  They  are  of  a  highly  crystalline  character,  dark 
grey  in  colour,  hard,  and  fine-grained.  The  sections  under  the 
microscope  show  some  very  perfect  examples  of  Valvuliruiy  Endo- 
thyra,  Trochammina^  &c.,  chiefly  V.  bulloides,  V.  Youngi,  E. 
Bowmanij  and  T.  incerta,  and  in  some  of  the  sections  the  rhom- 
bohedral  plates  of  calcite  are  very  perfect.  In  addition  to  these, 
there  is  one  small  piece  containing  Lilhostrotion  (do.  160).  Of  the 
Triassic  limestone  there  are  two  pieces  from  the  lihsetic  beds, 
nos.  162,  103,  containing  very  good  specimens  of  Pleuromya 
crowcomheia ;  one  of  these  was  taken  from  a  railway-cutting  at 
Castle  Hedingham,  considerably  beyond  my  radius,  the  other  I 
found  near  Felstoad ;  I  am  indebted  to  Mr.  H.  Keeping  for 
identifying  them.  They  are  somewhat  interesting,  because  though 
I  see  that  the  Rhsetic  beds  are  said  "  to  extend  as  a  continuous, 
though  very  thin  band  at  the  top  of  the  Trias,  from  the  coast  of 
Yorkshire  across  England  to  Lyme  Regis  on  the  Dorsetshire 
shore  "  ('.Textbook  of  Geology,'  A.  Geikie,  p.  766),  yet  I  understand 
that  no  Rhsetic  beds  come  to  the  surface  anywhere  in  the  north  of 
England,  and  in  that  case  these  must  be  remnants  of  a  very  early 
denudation.  Of  the  Jurassic  series,  there  is  a  great  abundance  of 
blocks  of  all  sizes,  but  I  have  taken  only  a  few  specimens,  of  which 
one  or  two  are  from  the  Cornbrash,  and  the  majority  from  the 
Oxford  Clay  and  the  Kimmeridge  Clay,  containing  Cardium,  Tri^ 
gonia  clavellata,  Ammonites  serratus,  &c.  There  are  also  two  or 
three  pieces  of  Purbeck  Marble,  containing  Faludina  Jluviorum ;  but 
inasmuch  as  this  rock  was  much  used  for  church-building  and 
building  of  priories  &c.,  I  feel  that  all  of  it  that  is  not  actually 
taken  out  of  the  Boulder-clay  must  be  looked  upon  with  suspicion, 
and  this  will  necessarily  apply  to  .-nany  of  the  Jurassic  fragments 
besides  the  Purbeck.  Of  the  Cretaceous  series,  I  have  found  one  or 
two  blocks  of  glauconitic  limestone  of  some  size,  one  in  particular, 
measuring  3  ft.  x  2  ft.  6  in.  x  2  ft.,  which  lies  in  an  inn-yard  in  Fcl- 
stead,  and  is  very  much  weathered  and  worn ;  the  section  is  numbered 
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152.  Besides  these,  many  lamps  of  hard  chalk  occur  in  the 
drift,  some  of  them  as  rounded  boulders  with  distinct  striation. 
No.  169  is  a  section  of  this  hard  chalk,  and  is  full  of  circular 
organisms  of  which  little  but  the  form  can  be  detected.  Mr. 
Keeping  identified  a  specimen  as  being  exactly  similar  to  the 
hard  chalk  of  Cambridgeshire.  There  remain  only  the  flints  and  the 
Boulder-clay  itself  to  be  considered.  The  flints  are  by  far  the  most 
abundant  of  the  rocks  in  the  drift,  and  sometimes  are  in  blocks  of 
very  considerable  size ;  two  great  blocks  which  were  dug  out  of  the 
Boulder-clay  in  making  a  very  deep  drain  measure  respectively 
22  in.Xll  in.,  and  19  in.  X 11  X  7  in.  In  examining  some  Boulder- 
clay  within  two  miles  of  Felstead  in  a  disused  clay -pit,  I  dug  out 
several  large  flints,  which  were  so  highly  poliRhed  on  all  sides  that 
the  surface  was  quite  transparent ;  there  were  a  great  number  of 
them  lying  in  this  clay  at  a  depth  of  from  four  to  five  feet  from 
the  surface ;  but  though  apparently  whole  as  they  lay,  yet,  when 
taken  out,  they  were  all  without  exception  found  to  be  sharply 
cracked  in  one  or  two  places  without  being  at  all  splintered,  and 
the  clay  itself  was  quite  undisturbed.  Of  the  chalky  Boulder- 
clay  itself  three  slides  will  be  found  numbered  170 ;  they  were  taken 
from  a  mass  of  this  clay  exposed  in  an  open  grip  dose  to  Felstead, 
and  they  contain  great  numbers  of  very  minute  Foraminifera,  many  of 
them  in  perfect  preservation,  mixed  up  with  particles  of  quartz- 
sand. 

I  fear  that  this  investigation  into  the  character  of  the  rocks 
of  the  Essex  drift  has  so  far  been  productive  of  little,  if  any, 
practical  result ;  but  it  is  possible  that  the  mere  description  of  the 
rocks  may  lead  to  some  important  results  as  regards  the  general 
question  of  the  glacial  drift.  In  taking  it  up,  I  hoped  to  discover 
some  of  the  localities  from  which  the  different  rocks  had  come, 
and  it  is  possible  that  further  investigation  may  be  productive 
of  more  definite  results ;  but  at  present  I  feel  that  the  difficulties  of 
actually  identifying  these  fragments  with  the  rocks  of  any  special 
locality  are  so  great  that  I  am  not  myself  capable  of  coming  to  any 
definite  conclusion  upon  such  a  question.  I  have  to  thank  Professor 
Bonney  and  Mr.  J.  J.  H.  Teall  for  so  kindly  examining  many  of 
the  specimens  and  sections,  and  for  several  valuable  suggestions. 
My  thanks  are  also  due  to  Professor  A.  Geikie  and  Mr.  Clement 
Reid  for  kindly  inspecting  the  specimens,  and  to  Mr.  H.  Keeping 
for  identifying  several  of  the  sandstones  and  the  fossils  in  the 
limestones. 

Discussion. 

The  Pbesidekt  said  the  author  of  the  paper  had  shown  how  much 
might  be  done  by  a  petrologist  even  in  so  unpromising  a  region  as 
Essex.  Most  geologists  had  experienced  the  difiSculty  of  identifying 
rocks  transported  from  a  distance.  Unless,  however,  the  fragments 
are  actually  found  in  situ  in  the  Boulder-clay,  it  is  well  to  beware 
of  concluding  that  they  have  not  been  brought  to  the  spot.  He 
related  a  case  in  which  a  Mexican  carving  was  picked  up  in  a  Bom  an 
encampment  in  Devonshire. 
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Mr.  Whitaker  said  it  was  only  by  continual  endeavours  to  identify 
the  rocks  of  the  Boulder-clay  that  any  knowledge  of  their  original 
derivation  could  be  obtained.  He  also  noticed  the  number  of  foreign 
fragments  scattered  over  the  country  artificially.  The  sandstone, 
which  he  concurred  with  Mr.  Rowe  in  regarding  as  Neocomian, 
was  one  of  the  commonest  stones  of  the  Boulder- clay  in  West  Nor- 
folk, but  he  had  tried  in  vain  to  ascertain  its  origin.  The  paucity 
of  granites  was  common  in  the  Drift  of  the  eastern  counties,  but  the 
occurrence  of  Rhaetic  stone  was  new  to  him.  On  the  Cromer  coast 
there  were  boulders  of  rocks  similar  to  those  on  the  table,  and 
many  of  the  Cromer  blocks  were  of  Norwegian  origin. 

Mr.  Cole  mentioned  the  numerous  pebbles  of  igneous  rocks  in  the 
Bunter  pebble -beds,  and  thought  that  their  transference  to  the 
drift  might  complicate  the  question  of  the  origin  of  the  materials. 

The  President  pointed  out  that  Niedermendig  beds  were  worked 
for  mill-stones  by  the  Romans,  and  fragments  occurred  all  over 
Europe.  The  sandstone  with  glistening  fractured  surface  was  from 
the  Spilsby  Beds  of  Southern  Lincolnshire,  as  shown  by  a  fossil  it 
contained. 

Mr.  Rowe  said  his  specimens  were  from  large  boulders,  and  nearly 
all  had  been  found  in  the  Boulder-clay  itself  or  could  be  traced  to  it. 


Digitized  by  LjOOQ IC 


8G4  MB.  C.  BEID  ON  THE  ORIGIN  OF  DRY  CHALK 


27.  On  the  Origin  of  Dry  Chalk  Valleys  and  of  Cookbe  Rock  *. 
By  Clement  Kbid,  Esq.,  F.G.S.     (Bead  February  23,  1887.) 

For  many  years  the  singular  mass  of  angular  flints  and  Chalk, 
known  as  the  Brighton  Elephant-bed,  has  been  familiar  to  geolo- 
gists t.  This  deposit  I  had  not  seen  till  1884,  when  I  was  in- 
structed to  examine,  for  the  Geological  Survey,  the  Pleistocene 
deposits  of  Sussex  between  the  escarpment  of  the  South  Downs 
and  the  sea. 

Coming  from  eight  years*  work  in  strongly  glaciated  districts,  I 
was  at  once  struck  by  the  appearance  of  the  Elephant-bed — or,  as  it 
is  called  in  the  district,  the  "  Coombe  Eock."  It  is  a  ver}'  different 
deposit  from  an}i;hing  commonly  seen  in  the  Yorkshire  or  Lincoln- 
shire Wolds,  and  different,  though  not  so  markedly  different,  from 
anything  found  in  Norfolk. 

This  occurrence  in  a  non-glaciated  district  of  a  type  of  gravel 
unlike  anything  of  ordinary  occurrence  in  glaciated  districts  of 
similar  configuration  aroused  my  interest.  After  two  years'  study 
of  the  beds  in  the  field,  I  venture  to  bring  forward  my  views  as  to 
the  mode  of  formation  of  Coombe  Rock  and  as  to  the  origin  of  dry 
Chalk  Valleys — two  subjects  intimately  connected. 

The  configuration  of  the  surface  beneath  the  drift  on  the  seaward 
side  of  the  South  Downs  is  identical  with  that  found  in  the  Chalk 
districts  of  Yorkshire  and  Lincolnshire.  In  each  of  these  districts 
we  have  a  dip-slope  from  the  edge  of  the  escarpment  seaward.  But 
this  slope  does  not  pass  under  the  low-lying  drift  areas ;  it  ends 
abruptly  in  a  cliff,  now  much  degraded,  but  still  recognizable  as  a 
sea-cHff  both  by  the  marine  deposits  banked  against  it  and  by 
its  independence  of  the  line  of  strike.  This  cliff  is  well  seen 
at  Black  Rock,  near  Brighton,  and  passes  also  through  Goodwood 
Park. 

The  result  of  this  ancient  marine  erosion  is,  that  we  have  in  the 
South  Downs  a  moderate  southern  slope  from  the  escarpment,  then 
a  sudden  drop  at  the  partially  buried  cliff,  and  then  a  plain  sloping 
very  gently  seaward. 

It  is  needless  to  say  more  about  this  period  of  marine  erosion,  for 
the  structure  described  is  not  directly  connected  with  the  subject  of 
this  paper.  It  is  important,  however,  to  realize  the  general  contour 
of  the  country  before  the  Coombe  Rock  was  deposited,  or  one  cannot 
understand  the  distribution  of  this  later  gravel. 

Subsequent  to  the  formation  of  the  ancient  sea-cliff  an  enormous 
mass  of  angular  flint  and  chalk  detritus  was  swept  from  the  Downs, 
and  spread  far  and  wide  in  a  continuous  sheet  over  the  low  lands. 

♦  The  facts  obtained  during  the  work  of  the  Geological  Surrey  are  communi- 
cated by  permiwion  of  the  Director  General, 
t  See  Mantell,  •  Geology  of  Sussex,'  1822,  p.  277. 
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This  deposit  seldom  extends  far  up  the  valleys,  but  it  can  be  traced 
as  much  as  eight  miles  south  of  the  old  diff,  over  a  surface  of  Chalk, 
Eocene,  and  marine  Pleistocene  beds. 

The  Coombe  Kock,  though  of  singularly  uniform  character 
considering  its  coarseness,  changes  as  the  distance  from  the  Downs 
increases.  In  the  Coombes,  and  for  three  or  four  miles  south  of  the 
Downs,  it  consists  of  a  mass  of  unstratified,  or  obscurely  stratified, 
flints,  battered,  but  not  rolled,  and  imbedded  in  a  matrix  of  chalky 
paste  and  pieces  of  chalk.  Close  to  the  old  cliff,  as  at  Brighton, 
large  masses  of  chalk  are  found  in  it,  and  also,  locally,  numerous 
greywethers.  Pebbles  only  occur  in  places  where  they  might  be 
obtained  from  older  beds  immediately  to  the  north. 

As  the  distance  from  the  old  cliff  increases,  the  Coombe  Rock 
changes  laterally  into  a  deposit  known  locally  as  **  shrave.*'  This 
consists  of  angular  flints  in  a  loamy  matrix,  the  proportions  being 
such  that  the  mixture  is  worthless  either  for  gravel  or  brick-earth. 
Still  further  from  the  Chalk,  as  at  Selsey,  the  shrave  changes  into 
almost  clean  brick-earth,  though  it  still  contains  scattered  angular 
flints.  Thin  brick-ea1*th  also  overlies  a  considerable  portion  of  the 
Coombe  liock  around  Brighton  and  Worthing. 

The  fossils  of  the  Coombe  Hock  consist  almost  entirely  of  teeth  of 
Horse  and  Elephant,  broken,  and  apparently  also  decayed,  before 
they  were  imbedded.  A  few  Palseolithic  implements  have  also 
occurred.  Though  careful  search  was  made  1  could  not  find  a 
single  mollusk,  nor  any  plant-remains,  except  two  or  three  pieces  of 
decayed  wood. 

It  seems  evident,  from  the  peculiar  character  of  the  Coombe  Eock, 
that  it  was  not  formed  by  agents  now  at  work  in  the  district.  It 
is  not  of  glacial  origin,  for  none  of  the  stones  are  striated,  and  the 
few  from  distant  sources  are  such  as  we  know  occur  in  the  under- 
lying marine  Pleistocene  deposit.  It  is  not  marine,  for  it  is  almost 
uniitratified,  the  stones  are  not  rolled,  and  the  marly  matrix  contains 
no  shells,  though  full  of  undissolved  chalk.  It  cannot  be  a  gravel 
formed  by  ordinary  fluviatile  action,  for  there  are  no  valleys  to 
contain  the  streams,  and  no  river  transports  soft  chalk-detritus  more 
than  a  short  distance,  or  lays  down  sheets  of  gravel  of  this  singularly 
unworn  and  unstratified  character. 

The  enormous  sheet  of  Coombe  Eock  just  described  has  evidently 
been  derived  from  the  Downs,  and  I  believe  that  a  study  of  the 
contours  of  the  Downs  gives  us  the  key  to  its  mode  of  formation. 

The  peculiar  rolling  outline  of  our  Chalk  Downs,  the  steei)-sided 
valleys  winding  for  miles  among  the  hills,  yet  never,  even  in  the 
wettest  season,  containing  a  drop  of  water,  are  familiar  types  of 
English  scenery.  But;  perhaps  because  so  familiar,  it  does  not  at 
first  strike  one  that  these  outlines  point  to  conditions  which  have 
now  entirely  passed  away.  No  streams  now  fill  these  upland  valleys, 
and  where  streams  do  occupy  the  bottoms  of  Coombes,  their  beds 
fall  very  gently,  so  that  they  do  not  assume  the  character  of  mountain- 
torrents,  as  any  stream  in  the  steeper  Coombes  must  necessarily  do. 
It  is  impossible,  under  present  conditions,  for  any  stream  to  exist 
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in  these  dry  valleys ;  for  the  Chalk  is  so  porous  that  the  heaviest  raiir 
sinks  in  directly,  and  the  most  continued  rainfall  merely  causes  new 
springs  to  burst  out  at  some  point  rather  higher  up  the  valley  than 

Fig.  1. —  Contour-map  of  a  portion  of  the  South  Downs  between  the 
Valley  of  the  Adur  and  the  DeviVs  Dyke.    (Scale  1  inch  to  1  mile.) 
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Explanation  of  tints. 
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usual.  The  upper  and  steeper  portion  of  the  valley  still  remains 
perfectly  dry,  and  no  running  water  can  be  found  where  the  incline 
of  the  bottom  of  the  valley  exceeds  the  slope  of  the  plane  of  satura- 
tion in  the  chalk.  This  is  well  shown  in  the  Downs  near  Brighton 
(see  fig.  1). 

This  difficulty  in  accounting  for  the  erosion  of  dry  Chalk  Valleys 
by  running  water  has  been  felt  by  other  geologists,  who  have  tried 
to  overcome  it  by  an  appeal  to  a  former  submergence  and  consequent 
rise  in  the  level  of  the  plane  of  saturation  ;  or  to  a  former  higher 
level  of  the  plane  of  saturation  before  the  valleys  had  been  cut  to 
their  present  depth  * ;  or,  thirdly,  to  an  enormous  increase  in  the 
rainfall  f. 

None  of  the  explanations  seem  sufficient,  though  perhaps  each  of 
these  agencies  has  to  some  extent  assisted  in  the  denudation  of  the 
lower  portion  of  the  valleys. 

There  is  no  evidence  of  a  submergence  while  these  Coombes  were 

♦  Prof.  Prestwich,  Presidential  Address,  1872,  pp.  58-63 ;  and  Dr.  J.  Evans, 
Presidential  Address,  1875,  p.  37. 

t  A.  Tvlor,  "  Action  of  Denuding  Agencies,"  Qeol.  Mae.  dec.  ii.  toI.  ii. 
pp.  437-476.  See  also  Prof.  Prestwich,  "  On  a  peculiar  bed  of  Angular  Drift 
on  the  Lower-Chalk  high  Plain  between  Upton  and  Chilton,"  Quart.  Joum. 
Qeol.  Soc.  vol.  xxxTiii. 
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being  eroded.  In  fact  the  descent  of  Coombes  near  Eottingdean  to 
the  sea-level,  and  the  way  that  other  Coombes  plunge  beneath  the 
tidal  marshes  of  the  Adur  and  Aran,  are  strongly  suggestive  of  a 
slight  elevation  while  the  erosion  was  taking  place. 

Prof.  Prestwich's  view  that  the  deep  trenching  of  the  Downs  by 
valleys  has  gradually  lowered  the  plane  of  saturation  and  dried  the 
Coombes,  is  clearly  applicable  to  a  large  number  of  the  slightly 
inclined  Coombes  like  those  through  which  the  two  lines  of  rail 
pass  near  Brighton.  But  the  whole  structure  of  the  country,  the 
proximity  of  the  escarpment  on  the  north,  of  the  old  sea-cliff  on  the 
south,  and  of  the  deep  valleys  of  the  Wealden  rivers,  which  traverse 
the  Downs  from  north  to  south,  shows  clearly  that  the  outlet  for 
the  water  must  have  been  just  as  free  then  as  now,  so  far  as  deep 
trenching  could  aid  it.  All  these  features  existed  before  most  of  the 
Coombes  were  cut  or  the  Coombe  Bock  deposited.  The  greater  depth 
to  which  the  Coombes  have  now  been  cut  can  be  left  out  of  account ; 
for  dry  Chalk  v£dleys  play  no  part  in  the  present  superficial  drainage, 
and  it  would  make  little,  if  any,  difference  in  the  height  of  the  plane 
of  saturation  if  they  were  filled  up  again. 

The  trenching  cannot  therefore  affect  the  steeper  Coombes,  where 
the  water-level  is  hundreds  of  feet  below  the  surface  and  the  incline 
very  great.  The  slope  of  the  plane  of  saturation  in  Chalk  never 
exceeds,  if  it  reaches,  60  feet  in  a  mile  ;  here  we  are  dealing  with 
slopes  seldom  less  than  100  feet,  and  in  several  instances  reaching 
500  feet  in  the  mile.  To  illustrate  this,  I  have  drawn  on  a  true  scale 
sections  of  the  three  Coombes  in  the  South  Downs,  which  are  most 
generally  visited  (fig.  2). 

No  change  could  cause  springs  to  break  out  in  the  upper  portion 
of  these  valleys,  unless  it  were  a  deep  submergence  of  the  whole  of 
the  adjoining  low  lands.  If  such  upland  springs  had  formerly  ex- 
isted, their  successive  failure  through  the  gradual  lowering  of  the 
plane  of  saturation  would  necessarily  have  left  evidence  in  extensive 
deposits  of  rolled  gravel.  Winding  terraces  would  also  border  the 
Coombes  at  various  heights,  like  the  terraces  round  the  Scottish  or 
Norwegian  fiords.  The  low  lands  ought  also  to  yield  abundant  evi- 
dence of  a  submergence  of  100  fathoms,  whether  under  sea  ,or 
fresh  water. 

Nothing  of  the  sort  occurs,  and  one  of  the  most  striking  charac- 
teristics of  these  dry  Chalk  valleys  is  the  almost  entire  absence  in 
them  of  gravel  and  the  absence  also  of  definite  terraces.  If  terraces 
formerly  existed  they  ought  still  to  be  found ;  for  when  once  left 
dry  they  would  be  out  of  reach  of  running  water,  and  might  be 
preserved  for  an  indefinite  time. 

There  is  another  difficulty  which  prevents  us  from  accepting  either 
of  the  above-mentioned  theories.  Nearly  all  the  valleys  traverse 
the  whole  breadth  of  the  Downs,  and  then  end  abruptly  just  before 
the  escarpment  is  reached.  If  these  valleys  had  been  gradually  cut 
back  by  springs,  many  of  them  ought  to  fall  northward  to  the 
escarpment,  where  most  of  the  large  springs  are  found ;  but  nearly 
all  the  Cbalk  Coombes  follow  the  general  slope  of  the  ground  and 
open  to  the  south. 
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Of  the  eflTects  of  the  hypothetical  "Pluvial  Period"  I  have 
nowhere  been  able  to  find  any  trace  in  the  Coombe  Hock.  One 
would  expect  such  a  period  to  be  characterized  by  a  prolific  aquatic 
fauna  and  flora.  But  instead  of  this,  nearly  all  the  Pleistocene 
freshwater  deposits  I  have  been  able  to  examine  show  a  remarka- 
ble paucity  of  purely  aquatic  forms  and  a  considerable  development 
of  amphibious  species,  such  as  can  survive  for  a  long  time  buried 
in  mud. 

Again,  a  Pluvial  Period  would  enormously  swell  the  rivers, 
which  would  cut  deeper  and  wider  channels,  transport  more  gravel, 
and  wear  the  stones  more.  Though  we  find  abundance  of  deep 
channels  cut  through  the  Downs,  the  most  marked  peculiarities  of 
the  Coombe  Eock  are  that  it  spreads  mainly  in  broad  nearly  level 
sheets,  has  been  almost  entirely  swept  out  of  the  valleys,  and  is  yet 
very  little  worn. 

The  peat-deposits,  such  as  a  Pluvial  Period  ought  also  to  have 
left  abundantly  interbedded  in  its  alluvia,  are  entirely  absent  from 
the  Coombe  Bock.  It  has  been  a  great  disappointment  to  me  to  be 
unable  to  obtain  any  plant-remains  except  a  few  pieces  of  decayed 
pine- wood,  possibly  derived  from  an  older  deposit. 

Prom  what  has  just  been  pointed  out,  it  seems  that  none  of  the 
theories  usually  accepted  is  sufficient  to  account  both  for  the  origin 
of  the  Coombes  and  for  the  transport  of  the  Coombe  Bock. 

Coombes  are  not  forming  now — in  fact,  many  are  so  steep  and 
narrow  that  they  are  gradually  filling  up  from  the  chalk  and  fiint 
rubble  which  rolls  down  the  slopes,  dislodged  by  the  sheep.  Coombe 
Bock  also  is  not  now  being  formed.  The  gravels  of  the  Lavant  and 
other  chalk-streams  are  of  a  totally  difierent  character,  and  the 
rainwash  and  talus  now  accumulating  at  the  foot  of  steep  slopes  are 
also  different. 

Ajb  no  denuding  agent  now  at  work  in  the  south  of  England 
seems  sufficiently  energetic  to  account  for  the  transport  of  this  mass 
of  rubble,  and  similar  deposits  are  not  well  represented  in  glaciated 
districts,  it  was  at  first  very  difficult  to  explain  its  origin. 

However,  we  know  from  the  evidence  of  fossils  that  during  some 
part  of  the  Pleistocene  Period  a  thoroughly  Arctic  fauna  and  flora 
lived  in  the  south  of  England,  At  Fisherton,  near  Salisbury,  in 
beds  that  seem  to  correspond  with  the  brick-earths  associated  with 
the  Coombe  Bock,  we  find  many  species  of  high  northern  mammals*. 
At  Bovey  Tracey,  associated  with  the  '*  Head  *'  (a  deposit  very  like 
Coombe  Bock),  the  Arctic  birch,  bearberry,  and  some  northern 
willows  occur.    In  Central  France  the  Beindeer  is  abundant. 

Judging  from  the  northern  character  of  the  fauna  and  flora,  the 
mean  temperature  of  North-western  Europe  at  this  period  cannot 
have  been  less  than  20°  lower  than  it  is  now,  probably  it  was 
about  30°  lower.  This  would  give  a  mean  temperature  in  the 
south  of  England  very  considerably  below  the  freezing-point ;  con- 
sequently all  rocks  not  protected  by  snow  would  be  permanently 
fro^n  to  a  depth  of  several  hundred  feet. 

*   Stevena,  *  Flint  Chips,'  pp.  12-30. 
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This  would  modify  the  entire  system  of  drainage  of  the  country 
in  a  way  that  I  do  not  think  has  been  realized.  All  rocks  would 
be  equally  and  entirely  impervious  to  water,  and  all  springs  would 
fail.  While  these  conditions  lasted,  any  rain  falling  in  the  summer 
would  be  unable  to  penetrate  more  than  a  few  inches.  Instead  of 
sinking  into  the  Chalk,  or  other  pervious  rock,  and  being  slowly  given 
out  in  springs,  the  whole  rainfall  would  immediately  run  off  any 
steep  slopes  like  those  of  the  Downs,  and  form  violent  and  transi- 
tory mountain-torrents.  These  would  tear  up  a  layer  of  rubble 
previously  loosened  by  the  frost  and  unprotected  by  vegetation. 
The  material  carried  away  would  not  have  the  Chalk  washed  or 
dissolved  out,  for  a  single  flood  of  this  description  could  have  little 
solvent  power,  and  much  of  the  Chalk  might  not  be  thoroughly 
thawed*. 

Each  of  these  floods  would  have  an  enormous  scouring  and  trans- 
porting power;  for  the  fall  in  the  valleys  is  very  great.  It  is 
noticeable  that  no  Coombe  Eock  is  found  in  valleys  that  have  a 
greater  slope  than  100  feet  in  the  mile,  and  that  the  main  mass  is 
deposited  south  of  the  Downs,  where  the  slope  is  much  less.  Pro- 
bably the  further  transport  across  the  low  lands  of  the  unworn  flints 
scattered  through  the  brick-earth  was  greatly  assisted  by  ^*  anchor 
ice." 

On  the  flat  lands  any  small  channels  formed  by  one  summer's 
floods  would  be  filled  with  ice  and  frozen  gravel  next  winter,  so 
that  subsequent  floods  would  have  to  cut  fresh  channels  over  the 
plain.  This  would  lead  to  the  formation  of  flat  subaerial  deltas,  which 
advanced  seaward  and  became  confluent  over  the  whole  plain 
between  the  old  cliff  and  the  sea.  Chichester  stands  on  one  of 
these  old  deltas,  which  consists  of  chalky  Coombe  Bock  for  4^  miles 
from  the  Downs  and  slopes  about  30  feet  in  a  mile ;  the  loamy 
southward  continuation  is,  of  course,  very  much  flatter. 

The  constant  excavation  of  new  channels,  while  these  conditions 
lasted,  is  probably  the  cause  also  of  much  of  the  apparently  un- 
systematic grooving  so  commonly  found  in  rocks  underlying  gravels 
of  this  type ;  a  frozen  gravel  is  just  as  hard  as,  or  probably  harder 
than,  frozen  chalk. 

This,  I  believe,  was  the  origin  of  our  steep-sided  Coombes  and 
of  the  Coombe  Rock.  There  is  no  need  of  any  excessive  rainfall ; 
in  fact  the  apparent  deficiency  of  snow  during  this  cold  period,  com- 
bined vrith  the  remarkably  Arctic  character  of  the  fauna  of 
Fisherton,  makes  it  probable  that  it  was  a  period  of  drought,  perhaps 
equivalent  to  the  Loss  period  in  Central  Europe. 

A  recognition  that  physical  conditions  of  this  peculiar  type  held 
in  non-glaciated  parts  of  England  during  the  glaciation  of  other 
parts  seems  necessary  to  a  more  perfect  understanding  of  the  origin 
of   our  Pleistocene  deposits.      In  the  Arctic  regions,  beyond   the 

*■  The  eronve  power  of  rain  falling  on  porous  beds  before  thej  are  thawed 
has  been  incidentally  alluded  to  hj  several  writers ;  but  apparentl j  this  per- 
manent freezing  of  the  rocks  and  consequent  stoppage  of  all  underground 
circulation  in  the  south  of  England  has  not  been  taken  into  account 
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limit  of  the  ice,  such  a  frozen  belt  is  always  found.  It  may  be 
observed,  however,  that  the  frozen  lands  of  Siberia  and  North 
America  are  either  lowlying  or  have  been  much  glaciated.  Con- 
tinned  glaciation  and  denudation  have  destroyed  most  of  the  bolder 
features ;  we  therefore  do  not  commonly  find  steep  hills  of  soft 
rocks,  like  those  that  were  so  rapidly  denuded  in  Euglaud. 

In  the  south  of  England  denudation  during  the  continuation  of 
these  conditions  seems  to  have  been  enormous  and  extremely  rapid. 
If  the  time  had  not  been  short,  all  soft  rocks  would  soon  have  been 
planed  down  to  one  gently  undulating  surface,  like  the  plains  of 
Bussia  and  Siberia. 

It  is  not  here  necessary  to  try  to  correlate  the  Coombe  Eock  with 
any  particular  Glacial  deposit  of  other  parts  of  England.  All  that 
I  have  attempted  to  show  in  this  paper  is,  that  a  certain  type  of 
denudation  must  necessarily  have  acted  in  the  frozen  lands,  bare  of 
snow,  during  some  part  of  the  Pleistocene  Period.  Tundra-couditions 
may  have  recurred  several  times.  Probably  some  of  the  so-called 
"  Interglacial  Deposits  "  of  the  north  merely  show  a  deficient  snow- 
fall and  consequent  change  to  these  conditions.  An  actual  amelior- 
ation of  the  climate  need  not  have  taken  place.  However,  the 
further  consideration  of  these  points  must  remain  for  future  work. 

Discussion. 

The  President  observed  that  whatever  difference  of  opinion 
there  might  bo  as  to  the  subject  of  the  origin  of  dry  valleys  in  the 
Chalk,  it  was  one  which  would  always  excite  the  interest  of  those 
who  lived  amongst  them. 

Prof.  8 RELET  stated  that  Canon  Gover  had  long  studied  the  dry 
valleys  of  this  part  of  the  South  Downs,  and  had  come  to  the  con- 
clusion that  in  their  upper  portions  they  were  excavated  by  glacial 
ice,  and  in  their  lower  parts  by  the  action  of  running  water.  Last 
Easter  he  went  over  the  evidence  with  Canon  Gover  and  examined 
in  detail  the  Findon  valley  and  adjacent  districts  ;  but  he  failed  to 
find  any  proof  that  ice  had  played  an  important  part  in  relation  to 
their  formation.  On  the  contrary,  all  the  facts  seemed  to  show  that 
these  valleys  were  in  the  main  the  work  of  the  sea,  during  a  time 
of  comparatively  rapid  change  of  level  of  the  land.  The  valleys  run 
np  inland  from  the  inland  cliff  of  chalk,  as  they  might  be  expected 
to  do  if  they  were  formed  by  erosion  along  lines  of  jointing.  It 
was  manifest  that  the  valleys  had  formerly  been  filled  with  a  not 
inconsiderable  volume  of  water ;  and  high  np,  at  various  levels, 
the  hills  were  sometimes  capped  with  a  brown  clay  full  of  broken 
flints.  He  believed  that  this  accumulation  had  been  swept  into  its 
present  position  by  tidal  waters  during  the  time  when  the  land  was 
being  submerged  and  the  waters  were  working  up  the  valle}'s.  At 
a  much  lower  level,  just  before  the  valley  widens  out,  there  are 
deposits  of  rolled  flints  two  or  three  feet  thick,  which  creep  up  the 
slopes,  and  differ  as  much  from  gravel  as  the  deposits  on  the  hills 
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differ  from  Boulder-clay  ;  though  he  thought  the  two  deposits  might 
be  connected  in  much  the  same  way  as  gravels  in  the  Eastern 
Counties  were  the  residue  of  Boulder-clay  left  after  tidal  waters 
had  washed  the  clay  away.  The  clay  had  been  swept  out  of  the 
Findon  valley.  He  believed  the  entrance  to  such  a  valley  was  wide 
in  proportion  to  the  duration  of  marine  action  upon  it,  and  that 
although  other  agencies  may  have  since  softened  its  features,  there 
was  no  ground  for  appealing  to  them  to  account  for  its  origin. 

Mr.  Evans  was  grateful  for  any  new  theory  offering  an  explana^ 
tion  of  the  Elephant-bed.  He  agreed  as  to  the  possibility  of  the 
frozen  condition  of  the  ground,  but  was  not  prepared  to  go  the 
whole  length  of  the  Author.  He  dissented  from  the  views  of  Prof. 
Seeloy.  The  question  of  the  Elephant-bed  was  distinct  from  that  of 
the  formation  of  Coombes.  Its  age  was  undoubtedly  subsequent  to 
the  elevation  of  the  old  submerged  cliff.  He  considered  that  with 
a  certain  amount  of  submergence,  streams  of  water  would  run  in 
the  now  dry  valleys.  According  to  the  Author's  hypothesis,  the 
more  impervious  the  condition  of  the  Chalk  the  more  rapid  would  be 
the  process  of  excavation.  This  he  was  prepared  to  accept ;  but  a 
greater  rainfall  would  have  much  the  same  effect  as  frost  If  the 
Chalk  hills  were  saturated  with  water,  the  conditions  would,  as  he 
had  elsewhere  shown,  be  very  nearly  the  same  as  if  the  rock  were 
frozen.  Even  a  double  rainfall  might  in  some  Chalk  districts  pro- 
duce saturation  nearly  to  the  surface. 

He  strongly  objected  to  Prof.  Seeley's  ideas  respecting  the  deposit 
on  the  hill  tops ;  it  was  more  probable  that  the  heights  of  the  South 
Downs  were  capped  by  a  chemical  deposit,  which  was  the  residuum 
of  the  chalk  already  removed  by  solution. 

He  again  expressed  an  opinion  that  Mr.  Eeid's  theory  was  well 
worthy  of  consideration. 

Dr.  Getkie  had  accompanied  the  Author  over  the  ground  and 
considered  him  to  be  on  the  right  track.  Without  doubt  the  valleys 
-were  the  result  of  subaerial  denudation,  and  he  was  astonished  at 
what  had  fallen  from  Prof.  Seeley.  The  valleys  were  doubtless 
outlined  before  the  Chalk  was  exposed  at  the  surface,  and  their  sub- 
sequent erosion  in  the  Chalk  had  been  effected  by  solution  and 
mechanical  abrasion  under  conditions  which  have  now  disappeared. 

Dr.  Hicks  observed  that  Mr.  Reid  spoke  of  great  cold,  therefore 
the  period  he  was  describing  must  have  been  the  climax  of  the  Ice 
Age.  The  animals  found  in  the  Pleistocene  deposits  referred  to  were 
simply  driven  from  their  northern  home  by  the  advance  of  the  ice, 
Man  would  follow  the  animals  on  which  he  lived ;  therefore  the 
implements  obtained  from  these  deposits  belonged,  probably,  to 
the  northern  man,  who  must  be  considered  as  of  preglacial  age. 

Mr.  ToPLEY,  after  alluding  to  the  breadth  of  the  discussion,  bore 
testimony  to  the  value  of  the  Author's  hypothesis.  It  was  not  a 
new  idea  that  the  Coombe  Rock  represented  the  glacial  deposits  of 
the  north  of  England  ;  but  the  reaUy  new  point  in  the  paper  was  the 
notion  of  the  ground  south  of  the  area  under  ordinary  glacial  condi- 
tions having  been  solidly  frozen  ;  and  if  the  whole  country   wer«^ 
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thus  frozen,  the  action  of  running  water  would  be  to  excavate  in  the 
manner  claimed  for  it.  He  then  proceeded  to  institute  a  com- 
parison between  the  conditions  obtaining  iu  the  North  and  South 
Downs  respectively,  and  stated  that  the  absence  of  any  deposit 
representing  the  Coombe  Rock  in  the  north,  and  also  the  fact  that 
dry  valleys  existed  throughout  the  Chalk  area  in  Central  France, 
were  difficulties  in  the  way  of  accepting  the  Author's  conclusions. 
He  gave  some  reasons  for  believing  that  the  South  Downs  represent 
a  later  stage  of  denudation  than  do  the  North  Downs. 

Mr.  Pbaoh  thought  that  the  theory  advanced  by  the  Author 
accounted  for  the  phenomena  of  the  drj'  Chalk  valleys  ;  but  in  order 
to  make  the  Chalk  impervious  to  surface-water,  it  was  not  necessary 
to  have  it  frozen  to  the  depth  of  several  hundred  feet.  The  same 
result  would  be  brought  about  by  the  freezing  of  the  ground  for  a 
few  feet  below  the  surface.  The  Coombe  Rock  was  evidently  con- 
nected with  the  excavation  of  these  valleys.  The  presence  in  it  of 
numerous  fragments  of  chalk  and  flints  not  rounded  seemed  to 
indicate  that  its  materials  were  laid  down  by  streams  flooded  during 
the  summer  seasons  and  much  reduced  in  size  or  frozen  during  the 
winters.  The  thawing  of  the  surface  during  the  summer  would 
set  free  angular  fragments  of  chalk  split  by  the  previous  winter's 
frost,  and  the  materials  thus  let  loose  would  be  swept  down  the 
valleys  over  the  still  frozen  substratum.  In  this  respect  the  Coombe 
Rock  differs  materially  from  the  alluvial  gravels  of  the  existing 
streams  in  that  region,  which  contain  abundant  rounded  flint 
pebbles  and  few  or  no  chalk  fragments,  the  latter  being  disintegrated 
or  dissolved  before  they  have  travelled  any  distance.  The  decayed 
character  of  the  bones  found  in  the  Coombe  Rock  was  in  marked 
contrast  to  the  fresh  state  of  the  chalk  fragments,  and  seemed  to 
indicate  that  they  had  been  exposed  to  the  weather  prior  to  the 
formation  of  that  rock. 

Dr.  HuTDE  observed  that  in  Canada,  where  the  ground  is  solidly 
frozen  to  a  certain  depth  each  winter,  a  greater  amount  of  denuda- 
tion is  efi^cted  in  24  hours,  at  the  sudden  break-up  of  the  frost  in 
spring,  than  takes  place  during  the  whole  of  the  rest  of  the  year. 

The  AuTHOB,  in  reply,  said  that  the  valleys  no  doubt  had  been 
largely  outlined  before  the  period  dealt  with  in  his  paper,  some  of 
them  might  be  the  continuation  of  old  Weald  valleys.  The  former 
existence  of  an  overlying  clay  deposit  had  something  to  do  with  the 
original  outlines.  As  evidence  of  the  submergence  spoken  of  by  Mr. 
Evans,  he  instanced  the  marine  beach  at  Goodwood,  130  feet  above 
the  sea.  Such  submergence  occurred  before  the  deposit  of  Coombe 
Rock ;  it  might  aid  in  the  excavation  of  the  lower  valleys.  As 
regards  rainfall,  the  fauna  is  Arctic,  and  there  should  be  snow 
rather  than  rain,  yet  we  have  no  evidence  of  true  glacial  action. 
No  attempt  had  been  made  at  correlation  with  the  deposits  in  the 
north.  In  this  district  the  old  Tertiary  deposits  had  gone,  but  it 
was  otherwise  in  the  North  Downs. 
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28.  The  Phtsolcal  Hibtort  of  ike  Baobhot  Bsds  of  the  London  Basin. 

By  the  Rev.  A.  Irving,  B.Sc.,  B.A.,  F.G.8.    (Read  January  26, 

1887.) 

[Abridged.] 

Introduction. 

To  the  statement  of  my  views  on  this  subject  in  the  Quarterly  Journal 
of  the  Society  (vol.  xli.  pp.  492,  607,  608)  I  adhere  in  its  main 
outlines,  notwithstanding  the  adverse  criticisms  upon  it  which  have 
appeared  since  in  the  Quart.  Journ.  Geol.  Soc.  voL  xlii.  (pp.  402^ 
416).  Certainly  I  felt  that,  from  insufficiency  of  data,  some  of  the 
correlations  were  tentative  and  open  to  such  corrections  as  further 
investigation  or  criticism  might  show  to  bo  necessary.  There  can, 
however,  be  but  little  doubt  that  the  method  which  proceeds  by 
attempting  to  definitely  correlate  by  stratigraphical  evidence  the  strata 
seen  in  the  sections  on  the  flanks  of  the  Bagshot  district  with  those  of 
the  interior  of  the  main  mass  involves  fewer  assumptions  than  such 
an  attempt  as  has  been  made  by  later  authors  (Q.  J.  G.  S.  loc.  dU)  to 
determine  the  horizons  of  those  marginal  strata  by  a  comparison  of 
them  with  one  another.  Underlying  the  latter  process  there  is  the 
assumption  that  mere  contiguity  or  proximity  to  the  London  Clay  is 
evidence  of  Lower  Bagshot  horizons ;  but  this  involves  manifestly 
*petitio  principiiJ 

1  consider  that  the  case  must  rest  mainly  on  the  physncal  evidence, 
and  that,  if  no  instance  remained  of  a  former  overlap  of  lower 
b}'  higher  beds,  the  case  would  not  be  disproved,  so  long  as  the 
stratigraphical  evidence  was  not  contradictory ;  and  the  failure  to 
show  any  overlapping  at  the  present  time  could  be  explained  by  the 
subsequent  denudation  of  the  country,  the  main  lines  of  which  have 
been,  as  is  well  known,  determined  far  more  by  the  distribution  of  the 
plateau-gravels  of  Quaternary  or  earlier  times  than  by  the  strati- 
graphicii  structure  of  the  district.  If  later  authors,  therefore,  had 
disproved  the  existence  of  overlap,  they  would  but  have  disposed  of 
the  corollary  to  the  problem,  and  they  would  still  be  confronted  by 
the  physical  evidence.  As  regards  the  palseontological  evidence,  it 
is  only  right  to  remark  that  the  very  small  percentage  of  the  sections 
in  the  Upper  Bagshot  in  which  fossils  have  been  found,  together 
with  the  very  imperfect  state  of  their  preservation  (mere  irony  casts), 
suggests  the  possibility  that  the  fossiliferous  localities  may  owe  that 
character  to  the  mere  accident  of  the  presence  of  a  Httle  more 
binding  material.  Anyhow,  the  evidence  on  the  affirmative  side  is 
too  feeble  to  justify  us,  on  the  strength  of  its  mere  negation,  in  re- 
jecting strata  from  the  higher  beds  merely  on  account  of  absence  of 
fossils,  if  physical  and  stratigraphical  evidence  justifies  their  assign- 
ment to  such  horizons.  The  fact  that  "  the  best-preserved  specimens 
are  high  up  in  the  series"  (Q.  J.  G.  S.  vol.  xlii.  p.  415)  may  he  accepted 
as  a  fact  strongly  corroborative  of  my  view  as  to  the  marine-estuarine 
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orig;iii  of  the  Upper  Sands,  showing  a  gradual  advance  towards  fuller 
marine  conditions  in  those  strata.  So  with  the  so-called  "  Middle 
Bagshof  group,  localities  may  occur  (e,  g.  Ascot*  and  Yateley  t) 
where  marine  fossils  are  plentiful  and,  in  some  cases,  in  such  a  state 
of  preservation  as  to  show  that  they  are  found  in  their  original 
habitat  (probably  the  still  waters  of  lagoons  kept  saline  by  percola- 
tion or  by  occasional  inroads  of  the  sea)  ;  yet  there  is  nothing  like 
such  a  general  prevalence  of  them  as  would  justify  us  in  assigning 
a  marine  origin  tx)  the  Middle  Group  taken  as  a  whole.  The  most 
successful  collector  of  fossils  from  the  beds  of  this  group  has  informed 
me  that  they  are  most  numerous  in  certain  thin  whitish  bands  in 
the  green  earths — a  fact  which  reminds  one  forcibly  of  the  way  in 
which  marine  fossils  occur  in  thin  bands  in  the  Coal-measures  t> 
which  no  one  would  think  of  calling  on  that  account  a  "  marine 
series."  Again,  in  other  Eocene  deltas,  e.  g,  in  that  of  the  upper 
lignitiferous  series  of  the  Soissonnais  §  and  in  many  modern  deltas  ||, 
similar  facts  are  so  frequently  met  with  as  to  be  quite  common-place 
in  physical  geography,  as  is  also  the  fact  of  the  gradual  subsidence 
of  estuarine  areas  %.  So  far  from  there  being  anything  "  unusual " 
(Quart.  Journ.  Geol.  Soc.  vol.  xlii.  p.  416)in  this,  a  moderate  acquaint- 
ance with  continental  Eocene  geology  shows  that  it  was  but  one  of 
many  incidents  of  a  similar  nature,  producing  frequent  interstratifi- 
cations  of  marine,  brackish,  and  freshwater  deposits,  which  charac- 
terized Tertiary  times  over  a  large  part  of  the  European  area  *♦.  We 
are  also  confronted  with  the  fact  that  in  the  Bagshot  series  of  the 
London  area  there  is  an  absence  of  any  such  record  of  perfect  marine 
conditions  as  is  preserved  in  the  contemporary  Calcaire  grossier,  and 
in  the  yet  more  massive  Eocene  limestones  of  the  Bavarian  Alps. 

Mr.  Etheridge  informs  me  that  the  London  Clay  of  the  Metro- 
politan area  yields  no  less  than  \^  out  of  the  4 J  Foraminifera 
known  in  the  London  Clay  up  tp  the  present  time,  yet  none  of 
these  pass  up  into  the  beds  above.  We  must  note,  too,  the  absence 
from  the  London  Bagshots  of  the  important  classes,  Actinozoa^ 
Echinodermaia^  Crustacea^  and  Brachiopoda  (represented  in  the 
London  Clay  by  36  genera  and  b%  species),  and  the  entire  absence 
in  the  Lower  Bagshot  of  the  35  genera,  including  110  species,  of 
Lamellihranchiata  known  in  the  London  Clay,  and  occurring  for 
the  most  part  in  that  formation  in  the  London  Basin  tti  while  only 
9  genera  and  13  species  of  this  class  reappear  in  the  Middle  Group  JJ. 
These  facts   seem  to  point  to  such  a  break  in  the  succession  of 

*  Quart.  Journ.  GooL  Soo.  toI.  nxix.  p.  349.  t  Ilnd.  vol.  xli.  p.  600. 

t  Cf.  Green,  '  Nature/  January  6th,  1887. 

§  Afeunier,  *  Lea  Causes  Actuelles  &c./  pp.  269  et  seq. 

1  Lyell, '  Principles  of  Geology,'  chapters  xvii.,  xviii. 

f  Green,  'Physical  Geology/  pp.  29^294. 

♦*  Credner,  '  Elemente  der  Geologie '  (3rd  ed.),  pp.  603, 604 ;  Zittel, '  Aus  der 
TJneit,*  pp.  419  et  seq.  It  follows  from  this  that  we  must  bo  prepared  to  find 
overlap  in  places.    {Cf.  G^eol.  Mag.  dec.  iii.  vol.  iv.  p.  109.) 

tt  Etheridge,  '  Stratigraphical  G^eology  and  Palaeontology,*  pp.  611-614. 

X\  Memoirs  of  the  G^logi<»l  Survey,  vol.  iv.  p.  600.  In  Quart.  Journ.  GteoL 
Boo.  vol.  zzxix.  p.  849,  two  additional  species  are  mentioned. 
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life-forms  as  oould  scarcely  happen  without  some  uoconformity  in 
the  strata. 

It  is  scarcely  necessary  to  refute  an  objection  to  my  view  on 
the  ground  of  the  considerable  internal  of  time  required  (Quart. 
Journ.  Geol.  Soc.  vol.  xlii.  p.  416),  an  objection,  which,  in  bringing  us 
down  to  the  Pliocene,  seems  to  be  based  on  a  forgetfulness  of  the 
Oligocene  and  Miocene,  and  of  the  great  space  in  time  represented 
by  the  contemporary  Nummulitic  formation  and  by  the  subsequent 
elevation  of  some  of  the  loftiest  mountain-ranges  on  the  globe. 

The  "  peculiarity  of  the  ground-plan  "  referred  to  is  a  misconception 
arising  from  inattention  to  altitudes.  The  northern  side  of  the 
district,  which  I  have  worked  more  in  detail,  is  found  to  come  out 
very  well  on  the  horizontal  ground-plan,  as  I  think  will  be  seen  when 
it  is  resurveyed. 

Keyiew  of  the  Physical  Evidence. 

1 .  Pebbles. — The  inference  drawn  in  my  last  paper  (vol.  xli.  p.  496) 
was  not  intended  to  imply  an  absence  of  pebbles  in  the  whole  Lower 
Bagshot ;  and  I  fail  to  perceive  how  an  inference  from  a  circum- 
scribed range  of  data  can  logically  bear  such  a  general  interpretation 
as  has  been  imposed  upon  it.  To  the  three  well-sections  there  cited 
may  now  be  added  those  at  Brookwood  (Geol.  Mag.,  August  1886), 
Chobham  Place,  Bagshot,  Dogmersfield  Park,  and  Claremont  (Mem. 
Geol.  Survey,  vol.  iv.  app.),  Thorpe  and  Hatchfold  (recently  published 
by  Mr.  Whitaker  '  Proc.  Croydon  Micr.  and  Nat.  Hist.  Club,'  1886, 
pp.  54,  66).  Neither  in  these  nor  in  the  extensive  exposures  of  the 
Lower  Bagshot  on  the  South-western  main  line  is  there  a  record  of 
them.  There  is  some  doubt  whether  the  few  "  pebbles  "  met  with 
in  the  Ascot  Well  ♦  were  not  pyritous  nodules.  All  this  does  not 
of  course  jprovtf  a  general  negative,  though  it  increases  the  necessity 
for  caution. 

The  alleged  case  recently  cited  f,  with  some  emphasis,  of  the  occur- 
rence of  pebble-beds  in  the  Lower  Bagshot  at  St.  Anne's  Hill,  Chertsey, 
breaks  down  on  investigation.  The  hill  is  merely  an  old  river-valley 
escarpment  of  the  Thames,  which  has  undergone  the  usual  process 
of  weathering,  with  degradation  of  the  higher  beds,  the  debris 
of  which  is  now  strewn  on  its  flanks,  partly  in  the  form  of  talus,  as 
may  be  well  seen  in  the  large  pit  on  the  north|east  flank  of  the  hill, 
where  the  pebbles  occur  roughly  interstratified  with  green  earthy  sand 
and  rotten  purplish  clay,  the  crude  stratification  being  just  what  one 
is  accustomed  to  in  sections  of  talus-heaps.  In  places,  as  at  the  top 
of  the  larger  pit,  small  landslips  are  detected.  The  road-section  up 
the  flank  of  the  hill  shows  nothing  but  such  a  confused  mixture  of 
cUbris  (in  this  case,  sand,  clay,  and  pebbles)  as  may  be  generally 
observed  in  similar  instances.  The  conglomeratic  masses  are  agglu- 
tinated portions  of  the  pebble-bed  which  have  fallen  from  above^ 

*  Proc.  Geol.  Assoc.  toI.  ix.  p.  417. 

t  Qwart  Joum.  Geol.  Soo.  vol.  xUi.  p.  404. 
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The  pebble-bed  is  probably  seen  in  »Uu  in  a  cutiiDg  made  for  a 
footpath  leading  to  the  top  of  the  hill,  and  above  this  there  appears 
to  be  a  capping  of  sand,  proved  to  be  16  ft.  in  depth  on  the  crest  of 
the  hill,  and  which  may  be  the  basal  beds  of  the  Upper  Bagshot. 
In  the  smaller  and  disused  pit  some  of  the  Lower  sands  are  well 
shown,  having  been  laid  bare  by  the  removal  of  the  pebbly  cUbris 
which  had  accnmnlated  at  the  base  of  the  old  escarpment  *.  The 
few  patches  of  pebbles  which  remain  have  been  formed  by  the  simple 
lodgement  of  pebbles  on  a  sort  of  ledge  formed  by  rain-water  action 
owing  to  the  unequal  tenacity  of  the  beds ;  and  they  can  be  seen 
to  be  continuous  with  the  pebbly  surface-covering  of  the  hill-flank 
by  lines  of  pebbles  standing  on  end  in  the  sand,  just  as  they  would 
appear  to  have  lodged  in  an  ancient  rain-water  gully.  In  removing 
one  of  the  smaller  patches  and  a  part  of  the  principal  one,  to  make 
sure  that  they  did  not  run  into,  and  become  incorporated  with,  the 
stratified  beds,  I  obtained  out  of  the  middle  of  the  largest  patch, 
in  the  presence  of  H.  C.  Leigh  Bennett,  Esq.,  the  proprietor,  and 
W.  H.  Hudleston,  Esq.,  F.R.8.,  an  angular  and  discoloured  flint 
and  a  rolled  fragment  of  chert,  both  of  which  are  very  characteristic 
of  the  later  plateau-gravels  of  the  district.  On  the  strength  of  the 
above  evidence,  it  may  be  confidently  asserted  that  there  is  no  trace 
of  pebble-beds  of  Lower-Bagshot  age  t  in  the  sections  referred  to 
or  of  **^  the  existence  of  a  pebble-bed  in  the  Lower  Bagshot  of  St. 
Anne's  Hill  "t 

Now,  when  it  is  recollected  that  this  was  the  only  case  of  a  pebble- 
bed  in  the  Lower  Bagshot  which  could  be  adduced  by  two  diligent 
observers,  we  may  well  be  sceptical  as  to  the  existence  of  such  beds, 
though  occasional  lines  and  layers  of  pebbles  do  occur.  This  being 
so,  and  the  Essex  Bagshot  pebble-beds  being  of  doubtful  horizon  §, 
we  cannot  allow  the  pebble-beds  at  Barkham,  Easthampstead,  and 
Bracknell  to  bo  claimed  for  the  Lower  Group  on  account  of  their  prox- 
imity to  the  London  Clay.  Indeed  tJieir  presence  is  evidence  rather 
against  than  for  such  a  horizon,  for  the  lines  and  layers  of  pebbles 
met  with  here  and  there  might  have  been  furnished  by  the  contem- 
poraneous denudation  of  the  London  Clay  itself;  and  no  greater 
importance  attaches  to  these,  to  my  mind,  than  to  occasional  layers 
of  Bunter  pebbles  in  the  lower  sandstones  of  the  Keuper.  Their 
occasional  presence  seems  to  indicate  inequality  in  the  transporting 
power  of  the  currents,  as  we  should  expect  in  a  fluviatile  series  of 
beds,  and  this  is  perhaps  all  that  they  do  indicate. 

2.  False-hedding, — By  "  false -bedding  "  I  understand  any  marked 
departure  in  the  stratification  from  a  general  parallelism  of  the 

*  In  three  surreyR  of  the  hill,  I  have  observed  nothing  which  requires  the 
notion  of  ^  fault  to  explain  it  (see  Mem.  Geol.  Survey,  vol.  iv.  p.  332). 

*  Quart.  Joum.  Geol.  Soc.  vol.  xlii.  p.  404.  J  ibid.  p.  417. 

§  In  quoting  these  in  the  discussion  of  this  paper,  Mr.  Wbitaker  appears  to 
have  forgotton  that  he  had  himself  suggested  ('  Guide  to  the  Geology  of  London,' 
p.  52)  that  the  Essex  pebble-beds  may  belong  to  tlie  Middle  Group,  a  sugges- 
tion with  which  I  should  entirely  concur  from  their  association  with  beds  of 
the  lithological  character  of  that  division  (Mem.  GeoL  Survey,  vol.  iv.  pp.  320> 
328). 
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bedding-planes,  of  which  *' oblique  lamination"  is  a  minor  featore. 
That  this  is  not  a  necessary  indication  of  Lower-Bagshot  horizons 
is  seen  from  the  simple  fact  that  it  is  very  commonly  observed  in  sec- 
tions of  more  coarsely  arenaceous  beds  of  the  Middle  division,  and 
serves  as  one  general  character  wherewith  to  link  the  two  together, 
as  on  the  whole  representing  a  continuance  of  similar  physical  con- 
ditions, while  it  helps  to  differentiate  them  from  the  Upper  Sands, 
in  which  the  bedding  is  for  the  most  part  very  indistinct. 

3.  Pipe-day. — This  need  not  owe  its  origin  in  these  beds  directly 
to  the  well-known  process  of  kaolinization  of  felspathic  minerals ; 
it  seems  to  me  more  likely  that  it  owes  its  existence  in  them  to  the 
decomposition  of  the  chalk  and  the  leaching  out  of  the  iron  by  the 
action  of  peaty  acids.  Eecent  experimental  study  of  this  question 
has  tended  to  confirm  this  view,  so  that  I  am  inclined  to  regard  the 
prevalence  of  pipe-day  as  a  possible  indication  of  contemporaneous 
subaerial  denudation  of  the  Chalk,  and  of  its  elevation,  therefore, 
above  the  sea,  within  the  catchment-basin  whose  waters  were  drained 
into  this  Bagshot  area.  But  this  applies  to  the  Middle  as  well  as 
to  the  Lower  group ;  in  fact,  there  are  greater  accumulations  of 
this  mineral  in  the  former  than  in  the  latter  ♦.  This  being  so,  we 
cannot  admit  the  presence  of  pipe-clay  seams  as  conclusive  evidence 
of  a  Lower-Bagshot  horizon  f.  Further,  thin  layers  of  colourless 
clay  are  occasionally  met  with  in  sections  of  the  Upper  group  in  the 
interior  of  the  district,  as  well  as  in  some  of  the  more  sandy  portions 
of  some  of  the  plateau-gravels. 

4.  Derived  Materials, — The  possible  occurrence  of  such  from  the 
older  Tertiaries  in  the  Middle  group  at  BrookwoodJ  has  been 
already  indicated,  and  Prof.  Eupert  Jones  has  suggested  the  appear- 
ance of  derived  masses  of  clay  in  beds  of  the  same  group  §. 

5.  Irony  Concretions, — These  are  at  least  as  abundant  in  the 
beds  of  the  Middle  division  as  in  those  of  the  Lower.  They  occur 
in  the  uppermost  bed  of  the  former  frequently  enough.  They  often 
retain  impressions  of  vegetable  structures,  or  they  form  rough  hollow 
tubes,  just  as  recent  bog-iron-ore  often  does.  Some  caution  is 
needed  in  interpreting  an  apparent  annular  structure  as  a  "  sign  of 
wood,"  since,  ss  Roth  has  pointed  out  ]|,  this  structure  is  often  due 
to  the  rolling  in  a  dry  season  by  the  wind,  and  subsequent  burial, 
of  partly  dried  and  curled-up  portions  of  the  carbonaceous  and 
ferruginous  mud  which  is  found  at  the  bottom  of  stagnant  pools  of 
water.  I  have  in  my  possession  specimens  of  ferruginous  concretions 
from  a  high  horizon  in  the  Middle  division,  which  retain  impressions 
of  vegetable  structure,  suggestive  of  such,  marsh-loving  monocotyle- 
don ous  plants  as  belong  to  the  orders  Cyperaceoi,  Typhacece,  <fec., 

*  Of,  the  Brookwood  Well-Section  (Geol.  Mag.  dec.  iii.  toI.  iii.  p.  355) ;  the 
Well-section  at  Wellington  College  (Quart.  Joum.  Geol.  Soc.  vol.  xli.  p.  494) ; 
also  the  instance  mentioned  in  the  Survey  Memoir  on  the  London  Baein  (vol.  iv. 
p.  333)  near  Worplesdon. 

t  See  Quart.  Joum.  Geol.  Soc.  vol.  xlii.  p.  411. 

t  Geol.  Mag.  loc.  cit. 

§  See  Proo.  Geol.  Assoc,  vol.  tI.  p.  433  ^footnote). 

I  'Allegemeine  und  chemisohe  G^ologie,  p.  597. 
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and  many  of  the  smaller  concretions  are  undistiiiguisliable  from  the 
bog-iron-ore  obtained  from  the  Canadian  and  Swedish  lakes.  More- 
over they  are  often  found  on  analysis  to  contain  a  basic  crenate  of 
iron.  Fragments  of  lignite  are,  in  my  experience,  not  uncommon 
both  in  the  Middle  and  Lower  beds.  The  process  by  which  iron  is 
carried  down  in  solution  by  peaty  adds  and  deposited  mainly  as 
hydrated  ferric  oxide  (bog-iron-ore)  is  well  known  ♦.  This  is,  no 
doubt,  the  true  explanation  of  the  agglutination  by  ferric  oxide  of 
the  gritty  sands  and  conglomerated  of  the  plateau-gravels  known 
locally  as  *  pan '  or  '  rust.'  It  may  still  be  witnessed  in  most  of  the 
streams  of  the  peaty  waters  of  the  present  Bagshot  country.  Many 
of  the  more  sandy  nodules  were  first  agglutinated  by  iron-pyrites, 
since  such  are  common  in  their  original  state  and  may  be  observed 
in  all  stages  of  oxidation.  Sometimes  they  contain  pure  *  silver  sand  * 
in  the  interior. 

6.  Results  of  Chemical  Analysis. — These  have  been  already  in 
part  published  t,  so  far  as  regards  combined  carbon.  Those  results 
have  been  confirmed  by  several  scores  of  analyses  since  made  of 
samples  of  these  carbonaceous  beds  and  of  the  waters  they  yield  j:« 
Independent  confirmatory  evidence  has  also  appeared  §.  Recently 
I  have  made  about  25  combustion-analyses  ||,  in  order  to  get  out  the 
percentages  of  elem^tary  carbon.  These  percentages  range  from 
0-312  up  to  1-950,  the  highest  being  given  by  the  very  dark  green 
earthy  sands  of  the  Middle  Bagshot.  On  the  other  hand,  an  average 
sample  from  the  basal  beds  of  the  Upper  Bagshot  in  this  neighbour- 
hood gave  only  0-17  per  cent.  The  samples  analyzed  came  from  dif- 
ferent parts  of  the  district,  the  majority  of  them  from  weU-sections. 
Elutriation  of  some  of  the  green  earths  removes  nearly  the  whole  of 
the  greet!  colouring-matter,  the  fine  amorphous  earthy  matter  acting 
apparently  as  a  '  mordant,'  and  leaves  behind  white  quartz-sand 
mingled  with  some  black  and  olive-green  grains.  This  probably 
partly  explains  the  tenacity  of  colour  of  some  of  these  green  earths  ; 
yet  chemistry  teaches  us  that  they  must,  and  observation  shows  us 
that  they  Jo,  lose  their  colour  by  oxidation.  Slow  oxidation  is  only 
a  less  intense  phase  of  the  process  of  combustion  in  oxygen ;  and 
the  burnt  residues  of  these  green  earths  are  so  completely  discoloured 
as  to  be  undistinguishable  from  those  of  the  brown  sands  and  clays ; 

*  See  Eotb,  loe.  cit.  pp.  596-698  (worth  the  attention  of  those  who  are 
BCeptical  as  to  the  existence  of  the  Humnssdure) ;  Credner,  El.  der  Geol.  (3rd  ed.) 
p.  265 ;  Julien,  "  On  the  Geological  Action  of  the  Humus  Acids,"  Proc.  Am. 
Assoc.  Sci.  (1879) ;  also  the  author's  papers  in  the  Qeol.  Mag.  January  1885, 
and  elsewhere. 

t  Qeol.  Mag.  dec.  ii.  vol.  x.  (1883). 

X  See  remarks  by  the  author  in  Proo.  Inst.  Oiyil  Engineers,  vol.  Ixxxr. 
C1885-86). 

§  See  (1)  Quart.  Joum.  (Jeol.  Soc.  vol.  xlii.  p.  162 ;  (2)  Sanitary  Record, 
June  1886.  Lecture  by  W.  Eassie,  Esq.,  O.E.,  F.G.S.  A  reply  to  Mr.  Blyth's 
criticisms  of  that  lecture  will  be  found  in  the  following  (July)  number  of  the  same 
periodical. 

I  Made  bv  combustion  in  a  stream  of  purified  and  dried  oxygen.  The 
accuracy  of  the  method  was  tested  by  analysis  of  a  specimen  of  graphite  from 
Borrowdale. 
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while  even  the  darkest  green  earths  {e,  g,  at  St.  Anne's  Hill)  may 
bo  observed  coloured  in  places  of  a  bright  orange-red  by  slow 
oxidation.  It  is  trivial  to  argue  from  the  small  amount  of  colour- 
change  observed  in  some  instances  (e,  g.  at  Goldsworthy,  Q.  J.  G.  S. 
vol.  xlii.  p.  415)  to  a  negation  of  such  change  during  the  ages  for 
which  some  of  these  beds  may  have  been  exposed  near  the  surface. 
Moreover,  it  requires  a  comparatively  dry  exposure  to  allow  of  the 
penetration  of  the  beds  by  oxygenated  rain-water ;  and  cases  may 
occur  in  which  the  beds  are  kept  so  saturated  with  water  from  the  in- 
terior of  the  beds  holding  carbonaceous  matter  in  solution,  that  the 
work  of  oxidation  may  be  arrested  altogether. 

7.  Microscopic  Structure. — A  detailed  examination  of  the  speci- 
mens from  the  Wellington-College  Well-section,  subdividing  the  beds 
for  this  purpose  as  they  are  given  in  vol.  iv.  of  Mem.  Geol.  Survey, 
p.  425,  shows  sizes  of  the  quartz-grains  ranging  from  0*005  to 
0  030  of  an  inch.  A  pure  day  is  seldom  met  with.  Even  the  so- 
called  days  of  the  Middle  group  contain  very  often  some  50  per 
cent,  of  fine  clear  quartz-grains,  coheringjin  masses  by  the  cementing 
action  of  the  argillaceous  material.  In  the  Upper  group  the 
investment  is  generally  a  mere  clay ;  in  the  Middle  and  Lower  there 
is  generally  more  or  less  of  amorphous  organic  matter,  either  of 
itself  constituting  the  investment  or  mingled  with  clay*.  The 
quartz-grains  are  for  the  most  part  subangular,  and  therefore  water- 
worn.  In  one  bed  (no.  7)  the  majority  of  the  grains  were  found  to 
be  well  rounded ;  and  in  beds  no.  8,  part  of  9,  and  11,  there  was  a 
noticeable  proportion  of  rounded  grains.  In  some  of  the  beds  a 
considerable  quantity  of  glassy  silica,  in  minute  clear  flakes,  is  seen. 
This  glassy  silica  may  consist  partly  of  fragments  of  frustules  of 
Diatoms ;  but  hardly  so  the  larger  flakes.  These  have  thd  appear- 
ance under  the  microscope  of  flakes  of  silica  artificially  precipitated 
by  a  process  well  known  in  chemical  laboratories.  If  so,  the  solvent 
action  of  the  humus-acids  upon  silicates  may  have  contributed  to 
the  result. 

8.  Distrnbution  of  the  Saraens. — A  careful  investigation  of  the 
matter  which  I  have  recently  made  has  tended  strongly  to  confirm 
the  statements  of  Profs.  Prestwich  t  and  Kupert  Jones  i^i  as  to  the 
occurrence  of  these  blocks  and  slabs  of  '  saccharoid  sandstone '  in 
the  Upper  Sands.  The  probable  genesis  of  them  has  been  discussed 
by  me  elsewhere  §.  Their  extensive  distribution  far  beyond  the 
present  range  of  the  Bagshot  strata  is  well  known.  The  larger 
blocks  are  generally  very  angular,  sometimes  water-worn  on  the 
upper  surface,  but  rough  and  uneven  beneath.  As  a  student  of 
glaciation,  there  seem  to  me  insuperable  physical  difficulties  in  the 
way  of  attributing  to  them  a  morainic  origin.  For  these  reasons 
it  seems  that  their  wide  distribution  may  be  regarded  as  indicating 

*  Geol.  Mag.,  September  18<S3. 
t  kSee  Quart.  Journ.  Geol.  Soc.  vol.  iii.  p.  384. 
i  Proc.  Geol.  Assoc,  vol.  vi.  p.  436. 

§  Report  of  Brit.  Assoc.  (Soutbport  Meeting),  1883 ;  alsD  Proc.  Geol.  Assoc, 
vol.  viii.  pp.  150-160. 
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s.  much  greater  areal  extension  originally  of  the  Upper  Sands, 
which  harmonizes  with  the  view  advocated  in  this  and  in  former 
papers. 

9.  Lastly,  the  general  homogeneity  of  the  Fpper  Sands,  when 
viewed  on  a  large  scale,  as  contrasted  with  the  numerous  lithological 
variations,  laterally  as  well  as  vertically,  of  the  Middle  and  Lower 
heds,  points  to  such  an  agency  as  a  tidal  surf, in  workingup  the  various 
materials,  brought  into  the  estuary  from  different  parts  of  the  catch- 
men  tr-basin,  into  a  somewhat  homogeneous  whole,  as  we  see  them  in 
the  Upper  Sands ;  while  the  absence  of  such  an  agency  in  the  Lower 
and  Middle  stages  led  to  that  differentiation  of  the  deposits  just 
referred  to,  the  materials  contributed  by  each  affluent  being  more  or 
less  locally  deposited.  These  lateral  variations  in  thickness  and 
lithological  character  of  beds  on  the  same  horizon  constitute,  indeed, 
the  chief  difficulty  of  their  stratigraphy,  and  discount  largely  the 
value  of  conclusions  drawn  from  a  comparison  of  small  and  distant 
sections.  Such  evidence  standing  alone  cantiot  be  other  than 
equivocal. 

Freshwater  Diatoms  Sfc. — It  would  be  premature  to  say  much 
of  these  until  the  investigation  has  been  carried  further.  Up 
to  the  present  they  have  only  been  found  in  any  quantity  in  three 
beds  in  different  localities,  though  many  samples  have  been  searched 
and  stray  forms  have  been  found  in  others.  The  sands  examined 
have  been  washed  with  distilled  water.  Their  fossil  condition  seems 
to  be  indicated  (l)by  the  absence  of  endochrome,  (2)  by  the  corroded 
and  fragmentary  condition  of  many  of  them  *.  The  work  of  Prof. 
E.  Pfitzer,  of  Heidelberg,  has  been  mainly  consulted  in  this  stndy. 
He  confirms  the  previous  judgment  of  Smith  as  to  the  distinction 
between  marine  and  freshwater  forms,  and  points  out  their  import- 
ance from  this  point  of  view  as  geological  data.  He  assigns  ^ 
millim.  as  the  limit  of  size  of  freshwater  species  ;  those  which  have 
been  found  in  the  Bagshot  Beds  seldom  reach  ^  millim.  in  length. 
"  Along  with  empty  frustules  of  Diatoms,"  he  says  {loc,  cit.  p.  408), 
**  only  spicules  of  freshwater  sponges  and  silicified  remains  of  many 
higher  plants  are  generally  present."  The  latter,  in  the  form  of 
vascular  tissue,  appear  to  be  more  common  in  the  Bagshot  Beds  than 
Diatoms.  They  are  distinctly  luminous  in  a  dark  field  between 
crossed  nicols,  and  remain  unchanged  after  being  calcined  for  more 
than  a  quarter  of  an  hour  on  clean  platinum  foil.  I  am  not  pure 
that  I  have  seen  any  sponge-spicules.  The  following  may  be  men- 
tioned as  genera  that  have  been  met  with: — Oomphonema,  Frustulia, 
Pinnul^ria,  Synedra^  Gyrosigma,  Navicula,  Odontidium^  Melosira, 
Amphipleura.  They  occur  both  in  the  Middle  and  Lower  Bagshot, 
and  none  have  been  met  with  in  the  Upper  Bagshot.  [In  a  sample 
of  the  Kieselguhr  deposit  lately  discovered  at  L.  Quire  in  Skye,  for 
which  I  am  indebted  to  the  courtesy  of  A.  Macdonald,  Esq.^  of 

*  Vide  SchenVa  '  Handbuch  der  Botanik  *  (Breslau,  1882),  Bd.  ii.  pp.  409  et 
seq.f  also  fig.  1  of  that  monograph  (p.  407).  I  offer  here  my  best  thanks  to 
Prof.  Marshall  Ward,  of  Cooper's  Hill  doUege,  for  directing  my  attention  to 
jbhis.  Ffitzer*s  latest  published  work. 

a  J.G.  S.  No.  171.  2d 
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Portree,  I  find  pretty  nearly  the  same  genera  occurring  in  a  verjr 
similar  state.] 

Stbatiobaphical  Eyidence. 

Data  for  Section  A  (fig.  1). — The  well-section  at  Wellington 
College  (see  Quart.  Joum.  Geol.  Soc.  vol.  xli.  p.  494)  is  the  standard' 
for  comparison.  The  sequence  of  the  heds  at  the  southern  end  of  the 
section  has  heen  proved  again  in  a  new  well,  this  winter,  behind 
the  Wellington  Sotel.  The  thickness  of  the  sand  beds  below  no.  10 
is  calculated  (from  the  altitudes  of  the  London  Clay  in  the  College 
well-section  and  at  its  outcrop  to  the  N.W.)  as  80  feet.  The 
green  earthy  sands  (nos.  7,  8)  are  proved  by  outcrop  and  inter- 
mediate excavations  to  continue  to  the  brook  parallel  to  the  railway 
^  mile  to  the  E. 

Section  B.     BrooJcseciion  south  of  Bavenswood, 

ft, 

a.  Qreen  earths  and  sands  (nos.  7,  8) 20  to  25- 

b.  Clavs,  loams,  ferruginous   sands  with  strong  clay-layers  1  on 

(noB.  9,  10)    J  ^ 

On  the  west  side  of  the  line  the  well  at  the  lodge  by  the  Roman 
Koad  pierced  beds  nos.  9, 10,  11.  The  last-mentioned  bed  is  a  dirty 
quartz-sand,  blackish  green,  with  much  lignite  and  pyrites. 

Section  C.    Neiv  Well  hy  WoIcinghani'Sandhurst  Road, 

a.  Angular  and  pebbly  drift-grarel 6 

b.  Brown  and  yellow  ferruginous  sand,  loam  and  day  (partly  laminated),  1  s)^ 

with  irony  nodule«,  very  clayey  in  upper  part  (nos.  9,  10)     /  "* 

e,  Greenisb-blaok  quartz-sand  with  pyrites,  lignite,  and  freshwater  dia-  \    f- 
toms  (pierced  to) J 

Total  depth    32 

On  the  assumption  that  things  which  are  equivalent  to  the  same 
thing  are  equivalent  to  one  another,  I  maintain  that  the  beds  of  the 
new  well  are  precisely  on  the  same  horizons  as  those  in  the  well  at 
the  lodge  (see  fig.  1),  since  the  upper  bed  in  each  of  the  wells  is  the 
equivalent  of  the  beds  nos.  9  and  10  of  the  brook-section  (B). 
North  of  the  new  well  the  beds  nos.  9  and  10  are  cut  through  by 
the  brook ;  but  no.  9  is  recognized  at  the  top  of  the  hill  just  N.  of 
Jack's  Bridge  (see  Ordnance  map)  ;  and  the  base  of  no.  10  is  exposed 
some  20  ft.  lower  in  the  banks  of  King's  Mere,  the  bottom  of  which 
basin  is  in  no.  11,  a  fine  quartz  sand  *.  Nos.  9  and  10  can  be  recog- 
nized in  the  railway- cutting  both  N.  and  S,  of  Nine-mile  Eide. 
There  are  two  larger  exposures  of  no.  10, — (a)  in  a  sand-hole  by  the 
roadside,  (6)  in  the  railway-cutting  (see  fig.  1)  i  mile  N.  of  the 
road.     Beneath  no.  10  the  fine  quartz-sand  of  no.  11  is  well  exposed 

*  The  lake  was  dried  up  last  summer.  The  aboye  statement  is  from  my  own 
observation ;  the  previous  statement  (voL  xli.  p.  503)  waa  made  from  informationr 
giyen  me  by  others. 
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along  the  small  brook-escarpment  a  little  way  to  the  west  and  parallel 
to  the  railway.  It  is  seen  a  little  way  farther  north  in  a  dipping-well 
by  the  east  side  of  the  line,  and  in  the  banks  of  the  brook  on  both 
sides.  In  the  wood  to  the  east  it  passes  under  beds  nos.  9, 10,  which 
form  a  small  platean  through  Gorrick  Plantation,  on  the  N.  W.  comer 
of  which  bed  no,  10  appears  to  touch  the  London  Clay  in  the  ditch 
outside  the  fence.  The  presence  of  the  latter  formation  is  further 
shown  by  oak  trees,  by  the  presence  of  Silverstock  Bog  (see 
Ordnance  map),  by  the  fact  that  the  clay  was  dug  into  in  draining 
last  summer,  and  was  dug  for  brick-material  about  ^  mile  to  the 
west  a  few  years  ago.  The  bed  seen  in  the  cutting  a  little  further 
north  must  be  a  continuation  of  no.  10,  both  lithologically  and  by 
the  features  of  the  ground ;  and  it  appears  to  be  continued  through 
Luckley  Park,  on  the  north  side  of  which  it  is  only  cut  off  from  tho 
Wokingham  outlier  by  the  line  of  erosion  of  the  Emm  Brook.  It  is 
exposed  just  north  of  this  in  a  small  road-section,  and  it  forms  a  small 
plateau,  which  is  cut  through  on  the  railway,  where  the  base  of 
no.  10  is  seen,  sharply  defined  from  no.  11  (here  well  cleaned  by 
oxidation),  at  210  (O.D.). 

The  following  small  clean  section  in  the  brook-side  south  of  Eavens- 
wood  shows  the  mixed  character  of  bed  no.  10  *,  and  the  consequent 
impossibility  of  determining  its  dip  by  comparison  of  small  sections 
of  it. 

Section  D.     Bank  of  Broolc  near  Ravenswood. 

ft.  in. 

a.  Drift 3  0 

b.  Stiff  loam,  yellow  and  brown 1  0 

e.  Rather  strong  clay,  yellow  and  brown 0  9 

d.  Strong  loamy  sand  with  thin  pipe-day  partings  and  red  and  puce-  In  q 

coloured  ferruginous  layers    j 

Total  exposure 7    9 

A  rough  analysis  of  a  sample  from  the  same  bed  a  little  further 
down  the  brook  gives  : — free  silica,  60  per  cent. ;  clay,  2b  per  cent. ; 
ferric  oxide,  13*5  per  cent. ;  sodium  chloride,  0*5  per  cent. ;  water 
of  hydration,  about  1  per  cent.  This  bed  is,  in  fact,  so  variable  that 
I  mistook  portions  of  it  in  the  railway-cuttings  for  bed  no.  4  ;  and 
this  was  the  main,  though  not  the  only,  reason  why  I  suggestx^d  an 
anticlinal  in  my  previous  paper.  Along  this  line  of  section  A  {^^,  1) 
the  dip,  as  inicated  by  the  base  of  bed  no.  10,  would  appear  to  be 
about  from  10  to  15  ft.  in  3  miles  ;  but  the  true  dip  is  probably  some- 
what greater  and  in  a  more  easterly  direction,  to  judge  from  the 
general  strike  t. 

Numerous  well-sections  in  Wokingham  give  the  same  succession 
of  beds  as  we  find  in  the  Tangley  cutting.    Everywhere  the  water 

^  It  is  by  no  means  so  *'  homogeneous  "  as  one  would  suppose  from  the  well- 
specimen* 

t  More  correct  determination  of  levels  shows  that  the  pebble-bed  in  the 
lower  lake  at  Wellington  College  is  on  the  horizon  of  no.  6.  That  on  th& 
horizon  of  no.  3  has  been  proved  higher  up  the  valley  at  26^1  (O.D.). 

2  d2 
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is  obtained  from  a  fioe  quartz-sand  resting  on  London  Clay.  There 
is  no  record  of  a  passage-bed.  The  sharp  distinction  between  the 
sands  and  the  London  Clay  (see  fig.  4,  vol.  xli.  p.  605)  is  borne  out 
by  excavations  on  the  cutting-slopes,  and  by  my  observation  of  open 
gravos  in  the  churchyard. 


Elevation  of  Beds  due  North  from  Wellington  College. 

Section  E.     Valley  |  mile  North  of  Wellington  College, 

References  to  numbers  in  well-section  (Quart.  Joum.  Geol.  Soc. 
vol.  xli.  p.  494,  fig.  1).     Corrected  altitude  287,  O.D. 

ft. 

No.  3.  Pebble-bed  in  stiffloam  (about) 2 

No.  4.  Coarse  loamy  ferraginous  sand  with  irony  concretions    3 

No.  6.  (Wanting.) 

No.  6.  Strong  loam  and  claj  (brick-material)   6 

Nos.  7,  8.  Green  earths  throwing  out  springs  about  the  middle  and  at  the  1  oq 

base J 

Nos.  9,  10.  Olay-and-sand  beds,  more  sandj  in  the  middle,  not  distinctly  1  oq 

differentiated,  coarse  and  ferruginous,  with  irony  concretions...  j 
No.  11.  Fine  sharp  quartz-sand,  with  glassy  silica    (depth)   ? 

There  are  several  exposures  of  one  or  more  of  these  beds  a  little 
way  east  and  west  of  the  road,  and  they  can  be  traced  to  the  brook 
to  the  west  (section  B).  Nos.  9  and  10  are  cut  through  in  the  valley, 
and  are  exposed  on  the  north  side  of  it  by  the  road  ;  but  further  to 
the  east  they  form  a  higher  feature  of  the  ground,  and  extend  across 
Nino-mile  Bide,  on  the  south  of  which  about  5  ft.  are  exposed  in  a 
brook-section,  while  on  the  north  side  of  the  road  the  clays  of  these 
beds  are  worked  in  the  new  brick-yards.  The  same  fine  quartz-sand 
is  proved  here  beneath  them  in  several  wells  and  trial-holes.  The 
day-beds  here,  with  their  included  irony  concretions,  are  identical 
in  character  with  those  dug  at  the  California  brick-kiln  (see  infrd^ 
p.  385) ;  and  both  are  identical  with  bed  h  (no.  10)  in  the  well 
(section  C,  p.  382).  On  the  west  side  of  the  New  Wokingham  Eoad 
beds  nos.  9  and  10  form  the  higher  feature  of  the  ground  by  Heath- 
lands  (base  of  no.  10  exposed  in  a  sand-hole)  and  St.  Sebastian's 
Church,  where  the  graves  pass  through  5  ft.  of  no.  10  into  the  fine 
quartz-sand  of  no.  11. 

The  general  strike  of  no.  10,  so  far  as  it  can  be  made  out,  and 
the  outcrop  of  the  London  Clay  (I  have  verified  the  mapping)  along 
the  small  valley  south  of  Eouse's  Farm,  Easthampstead,  gives  less 
than  \  mile  for  the  outcrop  of  the  95  ft.  of  the  sandy  beds  nos.  11, 12, 
13,  of  the  well-section  ;  and  this,  by  ordinary  rules  of  stratigraphy, 
would  give  something  like  1000  ft.  for  the  thickness  of  the  London 
Clay  and  Beading  Beds,  as  calculated  from  the  outcrop  of  the  Chalk 
at  St.  Lawrence- Waltham,  6  miles  due  N.,  if  those  three  beds  main- 
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tained  the  same  thickness  here  as  in  the  well-section.    They  must 
therefore  have  thinned  away  considerably. 

Again,  a  comparison  of  altitudes  gives  the  following  data : — 


AlUtudes  at  W.  Ooll. 

Altitudes  at  outcrop. 

Distance. 

Bise. 

Batio. 

No.  3 264 

Base  of  No.  10...  187 
Surface  of  L.Clay    Oli 

264 
214 
200 

4380  ft. 
5544  ft. 
3460  yds. 

0» 
27  ft. 
36  jd3. 

1  in  205 
liii96 

By  ordinary  rules  of  stratigraphy  (rejecting  the  notion  of  east  and 
west  flexures),  no.  8,  if  continued,  would  cut  through  the  Easthamp- 
stead  and  Bracknell  Hills  at  about  the  altitude  at  which  a  pebble- 
bed  is  found  there ;  a  rise  to  the  north  of  1  in  205  for  base  of  no.  10 
would  give  272  (O.D.)  along  the  same  line  of  country  (see  fig.  2),  which 
with  further  subsidence  to  the  south  gives  a  lithologically  equivalent 
bed  at  Bracknell  and  Buckhurst,  in  each  case  underlain  by  a  fine 
quartz-sand  (see  infrii^  p.  387),  while  intermediate  outliers  of  it 
at  intermediate  levels  are  met  with  on  the  north  side  of  Easthampstead 
Park ;  and  a  rise  of  1  in  96  for  the  surface  of  the  London  Clay  gives 
274  (O.D.)  along  the  same  line  of  country,  the  difference  between 
this  and  the  general  altitude  of  that  formation  beneath  the  Bagshot 
beds  along  that  line  of  country  representing  probably  the  amount  of 
contemporaneous  denudation  of  the  London  Clay.  Reasoning  from 
these  data,  we  should  expect  to  find  that  tlie  green-earth  series 
and  the  quartz-scmd  series  were  represented  very  feehh/^  if  at  all, 
at  Buckhurst  and  Bracknell ;  and  so  the  difficulty  arising  from  the 
non-appearance  of  the  green  earths  in  the  Bracknell  cutting  (Quart. 
Joum.  Geol.  Soc.  vol.  xlii.  p.  406)  vanishes. 

Elevation  of  the  Beds  N.  W.  from  the  Well'-section. 

When  this  paper  was  read  a  diagram  showing  a  continuity  of  levels 
in  beds  nos.  3  to  7  to  the  N.W.  from  the  College-weU  was  shown  t. 
It  was  constracted  by  correlating,  according  to  altitudes,  minor 
sections  at  the  railway-cutting,  in  the  new  well  behind  the  Hotel, 
in  the  pine-woods  near  Heath  Pool,  and  in  the  lane  below  Wick 
Hill  Farm  (Upper  Bagshot),  taking  the  intermediate  features  of  the 
ground  into  account.  A  detailed  section  (constructed  from  exca- 
vations made  for  me  last  autumn,  the  measurement  of  the  beds 
in  the  fresh  section,  and  a  correlation  by  measurement  of  the  levels 
of  the  beds  in  the  two  subsections,  one  in  the  old  clay-pit,  the  other 
in  the  California  brick-yard)  was  also  shown  and  described.  Here 
it  will  suffice  to  state,  as  the  outcome  of  the  investigation,  that  (1) 

*  Further  investigation  has  shown  that  this  level  is  maintained  for  about 
half  a  mile  south  of  the  College. 

t  Cf.  Wbitaker,  Quart.  Joum.  Geol.  Soc.  toL  rviii.  p.  263. 


Digitized  by  LjOOQ IC 


386  BET.  A,  IRVmQ  OK  THE  PHYSICAL  HISTORY  OF 

the  days  worked  in  the  California  pits  are  the  beds  nos.  9  and  10  of 
the  well-section ;  (2)  that  the  section  published  last  year  (Quart. 
Joum.  Geol.  Soc.  vol.  xlii.  p.  409,  fig.  2)  is  erroneous  in  several  impor- 
tant particulars,  (a)  in  the  altitudes  (error  of  about  15  ft.),  (b)  in 
the  omission  of  the  middle  beds  of  the  section,  (c)  in  the  assign- 
ment of  too  small  a  thickness  to  the  clayey  beds  of  the  brick-yard. 
The  evidence,  and  that  fiimished  by  a  comparison  of  numerous  other 
sections  in  the  neighbourhood,  including  sections  on  both  sides  of 
Finch  ampstead  Eidges,  is  altogether  against  the  assignment  of  the 
California  clays  to  the  Lower  Bagshot.  The  outcrop  of  the  London 
Clay  in  the  pit  at  the  west  end  of  Nine-mile  Bide  and  at  Barkham 
demonstrates  therefore,  when  altitudes  are  taken  into  account,  the 
attenuation  of  beds  nos.  11  and  12  of  the  College  well-section  also  in 
this  direction.  On  the  strength  of  the  stratigraphical  evidence,  of 
which  only  the  salient  points  are  here  briefly  indicated,  I  re-assert 
my  entire  agreement  with  the  judgment  of  the  Officers  of  the  Survey 
in  mapping  the  CaUfomia  clays  as  the  basement-beds  of  the  Middle 
Bagshot.  The  train  of  reasoning  which  is  based  on  the  assignment 
of  these  beds  to  a  Lower  Bagshot  horizon  (Quart.  Journ.  Geol.  Soc. 
vol.  xlii.  p.  408)  seems  to  me,  therefore,  to  fall  to  the  ground.  The 
base  of  no.  10  is  215  (O.D.),  about  the  level  of  the  base  of  the  same 
bed  in  section  E  (p.  384),  1|  miles  due  cast  of  this  point. 

Fig.  2. — General  Section. 

For  details  of  the  Bearwood  outlier,  see  Geol.  Mag.,  March  1887; 
for  the  Wokingham  outlier,  see  suj^rd  (p.  383)  and  my  former  paper 
(Quart.  Joum.  Geol,  Soc.  vol.  xli.).  The  Buckhurst  outlier  is  probably 
for  the  most  part  Upper  Bagshot  *.  As  to  the  Bracknell  outlier  the 
following  sections  should  be  considered : — 

Section  F.     Warfidd  Brich-yard  (North  end  of  outlier). 

ft. 
a.  Coarse  brown  irony  sand  with  irony  concretions  and  ] 
irregular  layers  of  strong  white  unctuous  clay  (?  a  Bag-   •  8 
shot  bed)     J 

c.  Pebble-bed  in  loam  with  included  lumps  of  pink  and  1    ■,  f      about 

white  clay (about)/    ^  \260  (CD.) 

d.  Laminated  clay-and-sand  beds,  with  ferruginous  con- 

cretions (a  "mellow  loam"  when  well  mixed),  hori-  •   5 
tontal  in  secHons  at  right  angles  

e.  Dark-coloured  sandy  clay  passing  down  into  ordinary 

London  Clay  with  a  true  dip  of  10°  in  a  directum  20°  ■  31 
8.  ofE.  (exposed  to) 

Vertical  exposure  4& 

This,  it  is  seen,  furnishes  direct  evidence  of  unconformahUity.  The 
dip  is  shown  by  even  layers  of  pebbles  and  a  calcareous  rocky  fossili- 

*  Judging  from  road-sections  and  from  the  loose  materials  brought  up  from 
a  well  52  feet  through  the  yellow  sands.  In  the  railway-outtiog  wds  nos.  10 
and  1 1  rest  on  a  highly  eroded  surface  of  London  Clay. 
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iferous  layer  (not  Septaria)  running  through  the  London  Clay.  In 
the  brickyards  a  little  further  west,  a  layer  of  pebbles  shows  a  dip  of 
-5®  about  S.E.  for  the  London  Clay. 

Section  G.    Braekndl  Station. 

ft. 

a.  Sarface-floil  oontaining  numerous  flint-pebbles 1  (at  265  O.D.) 

d.  Laminated  day-and-sand  bed  with  irony  concretions  I  ^q 

(sand  apparently  once  a  greensand)    j 

B,  Dark  greyish-black  carbonaceous  fine  quartz-sand  (con- )    n 
taining  2*5  per  cent,  of  0  and  freshwater  diatoms)  ...  J 

Total  exposed 13 

NoTB. — "  e  ''=bed  "  a  **  of  my  previous  section  (vol.  xli.  p.  506). 

Section  H.     Cutting -slope  200  yards  East  of  Bracknell  Stution, 

ft. 

A,  Loamy  sand  with  pebbles  at  the  surface 10  to  15 

c,  Pebbl€«  imbedded  m  a  stiff  loam 1  (265  O.D.) 

<^^.  Bn£f-coloured  loamy  sand 3 

Of.  Laminated  clay-and-sand   bed  with  ferruginous  concre-lg 

tions,  the  lowest  8  inches  a  black  shale    j 

£»  Dirty  quartz-sand  (exposed  in  excavation  to) 1 

Total  exposure  in  a  fresh  excavation    ..., 22 

Before  the  recent  eastward  extension  of  the  up-platform  a  well 
was  dug  in  bed  "  e  "  by  Mr.  Bipley,  below  the  level  of  the  line.  He 
is  positive  that  it  was  not  London  Clay,  as  he  knows  it  in  the  neigh- 
bouring brick-yards. 

Section  I.     Eastliampstead  Church  (South  end  of  outlier). 

Combining  the  well-section  at  the  village  school,  the  road-section 
.above  the  church,  and  the  road-section  below  the  church. 

ft. 

a.  Quaternary  or  pre-quatemary  gravel  (angular  flints,  pebbles,  \  i  «.    .^ 

and  chert)  j  i  to  J 

b.  Loamy  yellow  sand  (probably  Upper  Bagshot)  reconstructed  )  lo^c 

near  the  gravel  j 

c.  Pebble-bed,  seen  in  situ  in  the  churchyard,  in  the  road-  | 

cutting  below  the  church,  behind  the  cottage  opposite,  well  V   3  (260  O.D.) 
expos^  in  excavations  last  summer  at  the  workhouse  ...  J 

d.  Clay-and-sand  bed  (similar  to  bed  **  d  "  in  the  above  sections  [ .,  ^ 

F,a,H)    r" 

/.  London  Olay  seen  in  the  road  a  few  feet  above  the  brook...      ? 
Total  of  Bagshot  exposed 33 

The  laminated  clay-and-sand  bed  I  take  to  be  the  same  in  all  the 
four  sections.  It  runs  through  the  hill,  and  is  seen  in  the  lane 
which  crosses  the  outlier  north  of  Wick  flill  House.  Its  altitude 
throughout  is  250  to  260  (O.D.).     There  is  a  higher  pebble-bed  in 

*  From  data  in  the  road-cutting,  in  a  well  close  by,  and  in  the  graves  in  the 
wchurchyard. 
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the  probflble  Upper  Bagshot,  5  fb.  thick  in  the  cutting  550  yards  eaBt 
of  the  station,  and  5  ft.  below  the  surface,  said  to  be  6  ft.  thick  in 
a  well  70  yards  north  of  the  cutting.  Space  compels  me  to  omit  here 
full  details  which  I  possess  of  other  well-sections  in  this  outlier ; 
but  it  must  be  stated  that  in  two  of  them,  at  the  foot  of  Bill  Hill 
(330  ft.  high),  "  green  sand  yielding  putrid  water ''  is  recorded,  and 
beds  of  pebbles  in  these  and  in  two  others  (6  in.  to  24  in.  thick) 
were  met  with,  at  about  265  (O.D.).  There  is  a  very  good  section 
of  Upper  Bagshot  at  the  south  end  of  Bill  Hill,  at  about  300  (CD.). 
The  dip  discovered  at  Bracknell,  and  the  trend  somewhat  to  the  north 
of  the  general  stiike  of  the  London  Clay  may  account  partly  for  the 
altitude  (250-118=)  132  (O.D.)  of  the  surface  of  the  London  Clay 
in  the  Ascot  well.  The  specimens  which  I  have  from  that  well  show 
(1)  real  "blue  clay"  at  that  depth,  (2)  a  striking  correspondence  of  the 
sandy  beds  for  some  distance  higher  with  nos.  11  to  13  of  the  Welling- 
ton well-section.  A  nearly  perfect  shell  of  a  Cerithium  is  in  my 
possession,  probably  from  still  higher  beds,  very  likely  equivalents  of 
nos,  9,  10,  and  of  the  laminated  clay-and-sand  bed  at  Bracknell. 
The  last  is  certainly  not  the  bed  which  occurs  next  above  the 
London  Clay  in  the  Ascot  well, 

I  believe  that  beds  of  about  the  horizons  of  nos.  9  and  10  run 
through  this  aide  of  the  country,  and  rest,  in  places,  on  the  eroded 
London  Clay  surface  at  Wokingham,  Buckhurst,  and  Bracknell* ;  that 
is  to  say,  there  is  a  certain  (not  very  great)  double  unconformity,  beds 
not  the  lowest  of  the  Bagshots  resting  upon  beds  not  the  highest  of 
the  London  Clay.  The  evidence  can  only  be  really  estimated  on  the 
ground,  and  will  have  to  be  taken  into  account  in  a  resurvey  of  the 
district.  If  such  marginal  conditions  exist,  we  must  be  prepared 
for  some  things  "unusual"  (Quart.  Joum.  Geol.  Soc.  vol.  xlii.  p.  406), 
such  as  the  occurrence  of  a  pebble-bed  in  the  Upper  Bagshot,  XhQ 
objection  to  which  is,  moreover,  neutralized  by  the  record  of  pebbles 
at  Pirbright  Qoc,  cit.  p.  414). 

General  CoKCLxxsioirs. 

1.  My  recent  work,  of  which  a  mere  outline  is  here  given,  tends 
to  bear  out  the  general  conclusions  arrived  at  in  my  previous  paper 
(Quart.  Joum.  Geol.  Soc.  vol.  xli.  pp.  506-508),  except  on  one  or  two 
points. 

£.  The  Bagshot  Beds  of  the  London  Basin  are,  upon  the  whole,  an 
estuarine  series,  which  admits  of  differentiation,  both  on  physical 
and  paleeontological  grounds,  into : — 

(a)  An  upper  mairine'-eatiuirine    group   (=  "Upper  Bagshot 

Sands  "). 

(b)  A  lower  freshwater  group  (  =  "  Middle  and  Lower  Bag- 

shots'"). 

*  Local  erosion  on  a  minor  scale  is  a  matter  of  direct  observation  at  all  those 
three  places.  The  occurrence  usually  of  a  few  feet  of  fine  quartz-sand  beneath 
those  beds  shows  the  absence  of  a  "  passage "  between  the  two  formationsr 
((?/.  Mem.  Geol.  Surv.  toI.  iy.  pp.  316,  317). 
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The  so-called  "  Lower  Bagshot "  I  regard  as  essentially  fluviatile, 
the  so-called  "  Middle  Bagshot "  as,  upon  the  whole,  delta  and  lagoon 
deposits,  the  lagoons  having  been  partially  saline,  perhaps  by  occa- 
sional intrusions  of  the  sea  and  by  percolation  through  fringing 
shingle-terraces,  the  conditions  represented  by  the  "  Middle "  beds 
being  feebly  anticipated  in  different  localities  and  at  different 
horizons  in  the  "  Lower  "  series. 

3.  The  lower  levels  of  the  Middle  series  towards  the  east  (as  shown 
in  well-sections)  may  perhaps  be  due  to  a  general  subsidence,  the  true 
deltaic  conditions  encroaching  upon  the  land  as  subsidence  progressed, 
BO  as  to  give  a  certain  parallelism  between  beds  of  this  horizon 
towards  the  west  and  the  earlier  deposits  of  the  "  Upper  *'  sands 
towards  the  east  or  seaward  margin  of  the  area. 

4.  Though  we  fail  to  find  such  evidence  on  the  south  flank,  we 
have  on  the  north  flank  of  the  area  strong  cumulative  evidence  of 
marginal  conditions ,  and  consequently  an  indication  of  the  northern 
limit  of  this  Eocene  estuary  at  successive  stages  of  the  process. 

5.  Massive  pebble-beds  belong  for  the  most  part  to  the  "  Middle  " 
group,  though  occasionally  occurring  at  low  horizons  in  the  "  Upper  " 
group,  and  afford  the  strongest  evidence  which  the  whole  series 
offers  of  important  changes  in  the  relations  between  sea  and  land  at 
about  that  stage  of  the  deposition  of  the  Bagshot  Beds. 

Note. 

"With  regard  to  the  southern  margin  of  the  district,  it  is  only 
right  that  I  should  make  here  the  following  (potation  from  the 
original  MS.  of  the  paper  which  was  in  the  hands  of  the  Officers  of 
the  Society  at  the  end  of  last  year  : — **  It  was  my  intention  to  deal 
with  the  southern  margin  of  the  Bagshot  area  in  this  paper;  but, 
as  the  work  has  grown  to  considerable  dimensions,  and  as  other 
duties  have  prevented  me  from  dealing  so  thoroughly  with  the  details 
of  that  side  of  the  district  as  I  could  wish,  as,  moreover,  the  Aldershot 
district  is  somewhat  complicated  and  is  being  worked  out  by  my  friend 
and  former  pupil,  Lieut.  H.  G.  Lyons,  R.E.,  F.G.S.,  it  has  appeared 
better  to  defer  the  fuller  consideration  of  it  for  a  future  communi- 
cation." I  only  add  now  (April  30th)  that  in  the  part  of  the  paper 
which  appeared  in  the  Society's  Journal  (vol.  xlii.)  last  year,  dealing 
with  this  portion,  there  are  many  points  which  I  consider  open  to 
criticism ;  but  these  are  dealt  with  in  Mr.  Lyons's  paper.  The 
evidence  recently  furnished  by  the  Brookwood  well-section  shows 
that  the  notion  of  the  possible  occurrence  of  Blading  Beds  in  the 
Mytchett  section  is  quite  untenable. 

Ebbattjh. 

In  my  former  paper  (vol.  xli.  p.  508,  line  4)  : — 

for  Lower  Bagshot  read  Upper  Bagshot. 
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Discussion. 

The  Pbbsident  observed  that  of  the  many  mteresting  matten 
discossed  the  most  striking  was  the  disoovery  of  freshwater  Diatoms. 
He  uttered  a  caution,  however,  as  to  the  possibility  of  their  not 
being  of  the  age  of  the  beds  in  which  they  were  found. 

Mr.  MoNCKTON  allowed  that  the  paper  contained  many  new  facts. 
His  own  hypothesis  certainly  differed  from  that  of  the  Author,  who 
had  a  better  working-case  than  on  a  previous  occasion.  Indeed  he 
might  not  be  far  from  being  correct,  though  there  were  still  reasons 
for  doubting  this.  As  regards  St.  Anne's  Hill,  he  admitted  that 
possibly  there  might  be  no  pebbles  in  situ  in  the  Lower  Bagshots, 
but  he  thought  that  appearances  which  mislead  here  might  do  so 
at  other  points.  In  the  Middle  Bagshots  there  are  undoubtedly 
marine  shells  to  deal  with,  the  bivalves  usually  having  both  valves 
united.  He  admitted  the  occurrence  of  pebbles  in  the  Upper  Bag- 
shots  on  Pirbright  Common,  having  there  found  pebbles  with  fossils 
attached  to  them. 

Referring  to  the  Wellington-College  section  he  criticized  the  lines 
as  there  shown,  remarking  that  in  point  of  fact  the  lines  of  the 
London  Clay  and  the  Bagshots  coincide  in  their  rise  and  fall.  The 
London  Clay  thickens  steadily  eastwards — at  Wokingham  under 
300  feet  thick,  at  Chertsey  nearly  400  feet,  at  Claremont  450  feet. 
He  doubted  the  views  of  the  Author  as  to  there  being  unconformity 
at  one  place,  e.  g,  Wokingham,  and  passage-beds  at  another,  e.  g,  the 
Brookwood  well-section.  Clays  occur  at  the  base  of  the  Lower 
Bagshot,  both  where  unconformity  is  alleged  and  where  a  passage- 
bed  is  said  to  exist.  He  suspected  that  in  well-sections  the  Author 
recognized  a  passage-bed,  and  on  the  surface  an  unconformity. 

Mr.  Hbrries  claimed  certain  beds  referred  by  the  Author  in  his 
Wellington-College  section  to  the  Middle  Bagshots  as  really  belong- 
ing to  tiie  Lower  Bagshots,  in  which  case  the  surfaces  of  the  London 
•Clay  and  Lower  Bagshots  would  conform.  He  criticized  the  Ascot 
section,  especially  the  alleged  valley  of  erosion ;  he  regarded  the 
depression  in  the  London-Clay  surface  there  shown  as  in  reality  due 
to  dip,  since  the  Chalk  is  actually  67  feet  more  below  0.  D.  here 
than  at  Wokingham.  Keferring  to  the  discovery  of  Diatoms,  he 
saw  no  reason  why  there  might  not  be  interccdatioDS  of  fresh- 
water beds  in  the  marine  Middle  Bagshots.  He  still  maintained 
that  the  clays  in  the  California  brickfield  belong  to  the  Lower  Bag- 
shots,  which  usually  contain  a  clay-bed. 

Mr.  HxTDLESTON  Complimented  the  Author  on  his  perseverance  in 
again  ventilating  this  subject.  We  might  agree  to  the  general  pro- 
position, but  not  to  the  reasons  brought  forward  in  support  of  it. 
Mr.  Irving  was  determined  to  establish  an  overlap  on  the  flanks  of 
the  basin ;  a  year  and  a  half  ago  this  was  to  have  been  effected  by 
means  of  certain  anticlinals.  The  anticlinal  in  the  Wellington-College 
section  was  now  given  up,  and  he  was  sure  that  the  anticlinal  at 
Aldershot  would  have  to  share  the  same  fate.  This  would  be  shown 
in  detail  to  the  Society  by  lieut.  Lyons,  R.E.,  now  unfortunately 
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iLbeent  on  duty  at  Devonport.  That  officer  writes:  ''I  cannot 
make  ont  a  case  for  erosion  or  overlap."  In  the  present  paper  the 
Author  had  changed  his  tactics,  and  was  endeavouring  to  establish 
the  overlap  by  means  of  an  attenuation  of  the  Lower  Bagshot  Beds 
towards  the  margin  of  the  basin.  The  evidence  brought  forward 
was  not  satisfactory.  There  are  most  undoubted  day-beds  of  con- 
siderable importance  in  the  Lower  Bagshot.  A  very  remarkable 
one  is  now  being  exposed  in  continuation  of  the  Walton  cutting 
described  last  year.  The  base  of  this  may  be  about  80  ft.  up  in  the 
Lower  Bagshot  series.  On  or  about  the  same  horizon  is  the  brick- 
«arth  of  Hatch,  between  Addlestone  and  Chertsey,  marked  as  Middle 
Bagshot  in  the  Survey  Map ;  this  presents  some  very  curious 
features.  He  fully  agreed  with  Mr.  Irving's  interpretation  of  the 
alleged  presence  of  pebbles  in  the  Lower  Bagshots  of  St.  Anne's 
Hill.  The  pebble-beds  of  the  Middle  Bagshots  were  largely  deve- 
loped in  the  upper  part  of  the  hill,  and  these  had  fallen  over  in 
li^ge  masses.  Still  Ihe  absence  of  pebbles  in  the  Lower  Bagshots 
of  this  part  of  West  Surrey  could  not  be  taken  as  evidence  that 
pebbles  never  occurred  in  the  Lower  Bagshots. 

Mr.  Whitaieeb  missed  the  apocrenic  acid  of  previous  papers.  Mr. 
Hudleston  had  partly  anticipated  the  substance  of  his  remarks  with 
reference  to  the  non-occurrence  of  pebbles  in  the  Lower  Bagshot.  We 
must  bear  in  mind  that  pebble-beds  occupy  but  a  very  small  part  of 
the  country.  In  Essex  there  are  quantities  of  pebbles  in  the  Lower 
Bagshots.  In  Hampshire  pebble-beds  over  large  areas  are  most 
distinctly  capped  by  Bracklesham  beds,  and  sometimes  cut  right 
down  to  the  London  Clay.  Sand  and  gravel  are  convertible  terms. 
He  objected  to  the  straight  line  shown  between  Chalk  and  Tertiary 
beds  on  one  of  the  sections,  and  spoke  of  the  danger  of  drawing 
sections  from  data  yielded  by  a  few  borings.  He  thanked  Mr.  Irving 
for  again  bringiug  forward  the  subject. 

The  AuiHOB  referred  to  the  number  of  criticisms  and  the  lateness 
of  the  hour ;  most  of  the  points  mentioned  were  dealt  with  in  the 
paper.  He  replied  to  Mr.  Whitaker's  remarks  on  the  lines  in  his 
sections.  Having  made  a  special  study  of  the  continental  literature 
on  the  subject,  he  would  stand  by  his  remarks  on  the  humus  acids : 
the  action  of  the  humus  acids  had  been  of  some  importance  in  these 
and  other  beds.  He  had  proved  that  the  Diatom-remains  noticed  by 
him  were  not  in  a  living  state.  It  must  be  understood  that  this 
paper  was  mainly  confined  to  the  northern  side  of  the  basin.  He  gave 
reasons  why  he  had  drawn  the  anticlinal  in  the  Wellington-College 
section.  Eeferring  to  certain  of  the  pebble-beds  mentioned  in  his 
paper,  and  more  especially  to  the  criticisms  of  Messrs.  Monckton 
and  Herries,  he  insisted  upon  the  pebble-beds  at  Easthampstead  and 
other  points  (e,  g.  at  Barkham)  being  in  in  situ.  The  remarks  of 
one  of  them  showed  that  he  had  not  mastered  what  the  author  had 
ahready  published  on  the  evidence  of  well-sections.  He  further  dis- 
cussed the  presence  of  marine  shells  in  the  Middle  Bagshots,  and 
said  that  this  was  no  more  inexplicable  than  the  presence  of  inter- 
calated beds  containing  marine  shells  in  other  fluviatile  and  terres- 


Digitized  by  LjOOQ IC 


PHTSICAL  HI8T0RT  OF  THE  BA.O8H0T  BEDS  OF  THE  LONDON  BASIN. 

trial  groups  of  strata  (e.  g.  the  Goal-Measures  and  the  lignitiferous 
group  of  the  Soissonnais)  and  in  modern  deltas. 

In  many  respects  the  criticisms  on  his  section  could  only  be 
argued  out  on  the  ground.  With  respect  to  the  clay-series  spoken 
of  by  Mr.  Hudleston,  no  strong  inferences  could  be  drawn  from  that 
on  the  opposite  side  of  the  area,  even  if  it  were  shown  to  be  Lower 
Bagshot.  He  admitted  that,  in  places,  the  Lower  Bagshots  become 
more  argillaceous,  the  London  Clay  haviog  largely  contributed  to 
the  materials. 
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29.  CoNSiDEBATiOKS  071  the  Datb,  Dtjbatiok,  and  Coitoitiokb  of  the 
Glacial  Pebiod,  with  reference  to  the  ANTiQirirr  of  Man.  By 
Joseph  Pbestwich,  M.A.,  F.R.S.,  Professor  of  Geology  in  the 
University  of  Oxford.    (Read  May  25,  1887.) 

When,  twenty-eight  years  ago,  the  barriers  which  restricted  the 
age  of  Man  to  a  limited  chronology  were  overthrown  by  the  disco- 
veries in  the  Valley  of  the  Somme  and  Brixham  Cave,  the  pent-up 
enrrent  of  geological  opinion  tended  to  the  other  extreme  of 
assigning  to  Man  (Post-glacial)  an  excessive  antiquity ;  and  now  the 
belief  in  that  great  antiquity  seems  to  me  to  be  exerting,  in  a 
manner  somewhat  similar  to  that  which  at  first  caused  the  rejection 
of  the  Kent's  Cave  and  Somme  Valley  evidence,  an  imperceptible  bias 
on  the  questions  raised  as  to  the  Glacial  and  Pre^lacial  age  of  Man — 
apart  from  the  question  of  Pliocene  or  Miocene  Man,  into  which, 
on  the  present  oocaflion,  I  do  not  purpose  to  enter. 

The  extreme  opinions  which  dealt  with  miUions  of  years  are  now 
probably  held  by  few ;  but  still,  with  many  and,  probably,  the  majo- 
rity of  geologists  the  Glacial  and  Postglacial  periods,  which  involve 
the  question  of  the  antiquity  of  Man,  are  measured  by  very  great 
terms  of  time.  At  the  outset  of  the  discussion,  and  when  the 
antiquity  of  Man  was  limited  to  the  Postglacial  period,  I  saw  no 
reason  for  assigning  to  that  period  the  length  of  time  then  claimed  by 
many  geologists.  The  data,  however,  on  which  to  form  an  opinion 
with  respect  to  the  duration  of  this  and  of  the  Glacial  period  were 
too  imperfect  to  form  any  definite  conclusion  upon.  Since  then 
further  observations  in  the  Alps,  and  more  especially  the  observa- 
tions of  the  Danish  geologists  in  Greenland,  have  brought  forward 
facts  of  great  importance  in  their  bearing  on  ice-action  and 
growth,  and  have  furnished  us  with  data  which  may  warrant 
the  estimates  I  now  beg  to  lay  before  the  Society,  not  as  a  complete 
discussion  of  the  subject,  but  as  a  preliminary  inquiry. 

Measured  by  our  own  limited  experience,  the  excavation  of  the 
Postglacial  valleys,  the  life  of  the  successive  generations  of  the 
Pleistocene  Mammalia,  and  the  dying-out  or  extinction  of  a  large 
number  of  species  might  seem  to  demand  a  long  period  of  time.  Con- 
sequently at  first  it  was  suggested  that  the  Glacial  period  com- 
menced possibly  about  a  million  years  since,  and  that  the  Post- 
glacial period  had  lasted  about  200,000  years.  It  was  felt,  how- 
ever, on  the  other  hand,  that  the  very  large  proportion  of  existing 
species  of  Vertebrata  and  Invertebrata  which  came  in  with  the 
Pleistocene  period  and  had  since  undergone  no  change,  and  this 
combined  with  the  stationary  condition  of  Man  himself  during  so 
long  an  interval,  presented  serious  objections  to  adopting  such 
lengthened  periods  of  time.  But  on  neither  side  were  the  condusious 
based  on  any  definite  data. 

The  question  was  in  this  state  when  Dr.  Croll's  attention  was 


Digitized  by  LjOOQ IC 


894  PBOF.  J.  PBX8TWICH  ON  THB  GLiLOIAL  PERIOD,  WITH 

directed  to  the  subject.  After  careful  investigation  of  existing^ 
hypotheses  he  came  to  the  conclusion  that  the  cold  of  the  Glacial 
period  could  not  be  ascribed  to  any  physiographical  changes  in  the 
distribution  of  land  and  water,  but  that  changes  in  the  eccen- 
tricity of  the  earth's  orbit  afforded  a  probable  clue  to  great  secular 
variations  of  climate,  such  as  would  produce  glacial  epochs.  Follow- 
ing up  Leverrier's  calculations,  and  assuming  that  the  periods 
of  greatest  cold  were  when  the  eccentricity  rose  to  a  high  value, 
and  that  the  warmer  periods  occurred  during  the  times  of  lesser 
eccentricity,  Dr.  Croll,  by  an  elaborate  mathematical  computation, 
extended  the  inquiry  as  to  the  extent  and  periods  of  maximum 
and  minimum  eccentricity  for  3,000,000  years  back  and  1,000,000 
to  come,  and  showed  that  within  the  last  million  years  there  have 
been  two  such  periods  of  extreme  eccentricity — the  one  extending 
from  980,000  to  about  720,000  years  ago,  and  the  other  from  about 
240,000  down  to  80,000  years  ago* 

As  the  former  period  was  of  greater  duration  than  the  latter, 
and  the  eccentricity  also  then  attained  its  highest  value,  Dr.  Croll 
was  at  first  disposed  to  refer  the  Glacial  epoch  proper  to  that  period, 
and  to  consider  the  latter  as  corresponding  with  the  extension  of 
the  local  glaciers  towards  the  close  of  the  Glacial  epoch.  On  this 
pointhe  states  that  he  *^  consulted  several  eminent  geologists, and  they 
all  agreed  in  referring  the  Glacial  epoch  to  the  former  period,"  the 
reason  assigned  being  that  they  considered  the  latter  period  to  be^ 
much  too  recent  and  of  too  short  duration  to  represent  that  epoch. 

Dr.  Croll  therefore  had  good  warrant  that  ho  was  well  within 
the  limits  of  geological  probabilities  when,  on  a  reconsideration  of 
the  subject,  he  came  to  the  conclusion  that  the  Glacial  epoch  must 
be  referred,  not  to  the  first-named  period  of  eccentricity,  but  to  the 
later  one,  commencing  240,000  years  ago ;  and  this  is  a  date  now 
very  generally  accepted.  He  considered  that  "  the  modern  and 
philosophic  doctrine  of  uniformity  had  led  geologists  to  over-esti- 
mate the  length  of  geological  periods "  (p.  325).  Nevertheless  he 
assumes  that  '*  the  present  rate  of  subaerial  denudation  does  not 
differ  greatly  from  that  which  has  obtained  since  the  close  of  the 
Glacial  epoch"  (p.  338),  and  proceeds  with  the  argument  in 
accordance  with  this  view,  taking  the  rate  of  denudation  to  be  one 
foot  of  soil  removed  ft'om  the  surface  in  6000  years — an  estimate 
founded  upon  the  quantity  of  sediment  now  carried  down  to  the 
sea  by  such  rivers  as  the  Mississippi,  the  Rhine,  the  Rhone,  the 
Ganges,  &c.  This  is,  in  fact  (notwithstanding  the  qualification 
just  admitted),  applying  the  results  of  experience  in  recent  times 
to  facts  observable  in  climates  where  the  meteorological  pheno- 
mena were  totally  different,  and  the  conditions  therefore  not  ana- 
logous. Consequently  the  data  cannot  be  rightly  applicable.  If 
used  at  all,  as  a  sort  of  base-line,  it  must  be  with  modifications, 
such  as  taking  the  modem  data  as  the  known  quantity,  and  adding 
an  unknown  quantity  "  a?,"  which  quantity  has  to  be  determined 
before  we  can  get  at  the  true  rate  of  denudation  during  the  period 
*  *  Climate  and  Time,'  chapter  xix.  (1875). 
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under  inquiry.  Some  of  the  objections  which  have  occurred  to  me 
against  comparing  the  present  rate  of  denudation  with  that  of  past 
times  and  the  Glacial  period  I  have  given  elsewhere  *,  so  need  not 
repeat  them  here.  Nor  is  it  my  intention  to  discuss  Dr.  Croll's  theory 
upon  his  own  special  grounds,  which  he  has  argued  with  infinite 
ingenuity  and  presented  in  so  attractive  a  form  that,  as  I  am  well 
aware,  it  has  carried  conviction  to  a  large  number  of  geologists. 
That  tiie  causes  he  assigns  have  considerable  value,  there  can,  I  think, 
be  little  doubt,  and  they  may  have  an  important  bearing  upon  certain 
geological  problems,  such  as  relate  to  those  minor  periods  of  low  tem- 
peratures  with  which  we  are  all  acquainted,  as,  for  example,  that 
which  seems  in  early  Eocene  times  to  have  affected  the  marine  fauna 
of  the  Thanet  Sands  and  the  flora  of  Gelinden  ;  but  that  they  are 
sufficient  to  account  for  the  extreme  cold  of  the  Glacial  period  is 
open  to  question.  There  are,  as  he  himself  observes,  astronomers 
and  physicists  who  are  of  opinion  that  the  climate  of  the  globe 
could  never  have  been  seriously  affected  by  changes  in  the  eccen- 
taridty  of  its  orbit.  The  point  has  been  contested  by  Professor 
Newcomb,  the  Eev.  E.  Hill,  and  others,  whose  papers  and 
Dr.  Croll's  rejoinders  should  be  consulted  f. 

If  the  cold  were  due  to  this  cause,  how  is  it  that,  whilst  the 
lesser  eccentricity  of  240,000 — 80,000  years  ago  resulted  in  the 
intense  Glacial  epoch  of  the  Pleistocene  period,  the  effects  of  the 
greater  and  longer  eccentricity  of  980,000 — 720,000  years  ago, 
which  should  surely  have  resulted  in  a  still  more  intense  glacial 
period,  has  not  left  its  traces  in  anterior  geological  series.  But 
there  is  no  such  evidence  even  in  the  later  Tertiary  period. 

It  is,  however,  not  only  on  the  question  of  the  efficiency  of  the 
hypothesis  to  account  for  the  facts,  a  point  which  I  would  leave  ta 
astronomers  and  physicists  to  decide  upon,  but  on  the  geological 
question  whether  the  necessary  concordance  exists  between  the 
observed  phenomena  and  the  phenomena  as  they  should  be  were 
we  to  accept  Dr.  Croll's  views,  that  we  should  judge  of  its  applica- 
bility.    If  we  adopt  the  hypothesis  it  should  follow  : — 

1st.  That  at  intervals  during  all  geological  time  there  would  be 
some  periods  during  which  a  recurrence  of  similar  glacial 
conditions  took  place. 

2nd.  That  interglacial  conditions  would  affect  each  pole  alter- 
nately, and  that  there  should  be  in  both  hemispheres  a  suc- 
cession of  warm  interglacial  periods. 

3rd.  That  the  commencement  of  the  Glacial  epoch  should  be 
placed  about  240,000  years  back,  and  have  a  duration 
of  160,000  years ;  after  this  the  amelioration  of  the  climate 
to  its  present  condition,  which  involves  a  Postglacial  period 
of  about  80,000  years. 

4th.  That  the  age  assigned  to  Paheolithic  Man,  even  if  limited  ixy 

*  *  Qeology*  vol.  i  chapter  vi. 

t  yarious  papers  in  tbe  'AmerioaTi  Journal  of  Science/  '  Philoeophical 
HagasinV  ana  ^  Geologioal  Magazine/  from  1876  to  1884. 
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Postglacial  times,  could  not  be  less  than  80,000,  whilst,  if 
carried  back  to  Preglacial  times,  it  would  necessitate  an 
antiquity  of  200,000  to  300,000  years. 

With  regard  to  the  first  point,  Dr.  Croll  shows  that  in  the  three 
million  years  for  which  his  tables'  are  computed  there  were  five 
periods  during  which  the  eccentricity  was  as  great  as  or  greater  than 
during  the  Glacial  epoch  proper ;  so  that,  taking  geological  time  at 
the  hundred  million  years,  at  which  he  estimates  it,  there  should 
have  been  in  all  probability  some  165  such  periods  of  cold.  With 
the  exception  of  the  Permian,  which  is  still  ^^ pendente  lite"  where 
is  there  evidence  of  any  such  cold  periods  ? 

Dr.  Croll  does  not  overlook  this  difficulty,  and  contends  that  in 
the  Italian  Alps  there  is  strong  evidence  in  favour  of  the  opinion 
that  glacial  conditions  existed  there  during  the  Miocene  period. 
This,  he  informs  us,  is  stated  on  the  evidence  of  two  distinguished 
geologists  ;  but  the  fact  of  the  Miocene  date  of  the  beds  in  question 
has  never  since  been  confirmed;  all  the  later  evidence  tends  to 
show  that  it  was  not  until  towards  the  close  of  the  Pliocene  period 
that  glacial  conditions  set  in.  At  the  same  time  he  admits  the 
existence  of  warm  conditions,  as  undoubtedly  proved  by  the  flora, 
in  Greenland  during  Miocene  times. 

Por  the  Eocene  period  Dr.  CroU  relies  on  another  Alpine  case — 
the  coarse  conglomerates  with  some  enormous  blocks  forming  the 
Flysch.  But  this  was  a  period  of  Alpine  disturbance  and  change, 
when,  though  the  rocks  may  have  been  rent  and  worn  down  in  the 
mountain  area,  the  marine  life  at  a  short  distance  gives  evident  indi- 
cations of  a  high  general  temperature  :  Nummulites  then  abounded 
in  the  surrounding  seas,  together  with  Echinoderms  of  a  decidedly 
tropical  aspect. 

The  case  for  the  Chalk  is  still  weaker,  for  the  YQry  few  and 
exceptional  foreign  rock-boulders  that  have  been  found  in  it  are 
of  small  size,  such  as  might  have  been  carried  in  the  roots  of  trees 
or  by  seaweeds,  or  possibly  by  small  winter  ice-rafts  from  the 
mountains  of  Scandinavia  or  the  Ardennes,  whilst  all  the  life  of  the 
Cretaceous  sea  is  strictly  that  of  temperate,  if  not  of  warm,  latitudes. 
The  small  pebbles  mBy  have  been  carried  by  the  large  marine  reptiles. 

It  is  on  facts  of  the  same  character  as  those  which  Dr.  Croll 
adduces  for  the  Eocene  period  that  he  would  found  evidence  of  the 
action  of  ice  in  Scotland  during  the  Oolitic  period ;  but  we  must 
seek  for  some  other  explanation  to  account  for  the  dispersion  of 
the  conglomerates  ^nd  boulders  in  face  of  the  incompatible  fact  that 
at  those  times  warm  conditions  of  climate  extended  to  70°-80° 
North,  and  that  corals,  Cephalopods,  and  huge  reptiles  swarmed  in 
the  seas. 

The  climatal  conditions  during  the  Permian  period  may  be  open 
to  doubt ;  but  on  this  yet  unsettled  point  it  is  not  necessary  here  to 
enter.     If  admitted,  it  would  not  affect  the  general  question. 

Nor  is  it  easy  to  admit  a  claim  for  ice-action  during  Carboniferous 
times  when  the  luxuriant  vegetation  of  the  Coal-measures  flourished 
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not  only  here  but  on  Bear  Island  and  other  northern  lands.  With 
respect  to  the  blocks  of  granite  alluded  to  as  occupying  the  lower  beds 
of  the  Coal-measures  in  France,  they  may  be,  like  the  Tors  of 
Cornwall,  blocks  left  in  situ  from  the  decomposition  of  the  granite 
on  which  the  Coal-measures  there  rest,  or  they  may  be  boulders 
washed  down  at  that  period  by  the  torrents  from  the  adjacent 
granitic  mountains.  Other  foreign  pebbles  may  be  accounted  for 
as  we  have  accounted  for  those  in  the  Chalk. 

There  are  similar  palseontological  objections  to  ice-action  in  the 
Devonian  and  Silurian  periods.  Although  there  may  be  at  times 
instances  in  which  the  blocks  show  strisB  and  are  derived  from  rocks 
not  known  in  the  locality,  it  must  be  borne  in  mind  that  such 
striated  masses  may  be  fragments  of  slickenside  surfaces  in  the 
rocks  from  which  the  breccias  are  derived ;  and  that,  although  a 
particular  rock  may  no  longer  show  in  the  locality,  it  may  exist 
there  buried  beneath  newer  deposits,  as,  amongst  others,  in  the  case 
of  the  granite  of  the  Ardennes,  which,  although  formerly  unknown 
there,  was  met  with  in  a  railway-cutting  beneath  a  slight  covering 
of  I^alseozoio  rocks. 

Admitting  the  imperfection  of  the  geological  record,  it  is  evident 
that,  as  a  whole,  the  physical  instances  fail  entirely  to  supply  any 
sufficient  corroborative  evidence,  either  in  force  or  in  number,  to 
support  the  theor}'  of  recurrent  Glacial  periods.  Surely  out  of  165 
or  even  100  cases,  more  definite  marks  would  have  been  left,  espe- 
cially in  the  more  recent  periods,  such  as  the  Pliocene  and  Miocene, 
when  the  land  had  assumed  many  of  its  present  contours. 

With  respect  to  the  second  point.  Dr.  Croll  states  that  ^^  the 
Olacial  epoch  may  be  considered  as  contemporaneous  in  both  hemi- 
spheres. But  the  epoch  consisted  of  a  succession  of  cold  and  warm 
periods,  the  cold  periods  of  one  hemisphere  coinciding  with  the 
warm  periods  of  the  other,  and  vice  versd^^  (p.  234).  This  would 
involve  an  indefinite  succession  of  interglacial  periods;  but  only 
one  definite  interglacial  period  during  the  Glacial  epoch  is  brought 
forward.  Dr.  Croll,  however,  accounts  for  this  on  the  grounds  that 
**  the  geological  evidences  of  the  cold  periods  remain  in  a  remarkably 
perfect  state,  whilst  the  evidences  of  the  warm  periods  have  to  a 
great  extent  disappeared*'  (p.  238).  If,  however,  one  instance 
could  be  well  preserved,  might  we  not  expect  other  instances  to 
occur  in  some  of  the  many  localities  affected  ?  Dr.  Croll  estimates 
the  average  duration  of  a  warm  period  at  about  10,000  years. 
Supposing  such  to  have  been  the  case,  the  phenomena  of  the  glacial 
scries  certainly  afford  no  corroboration  of  the  remarkable  vicissi- 
tudes of  climate  this  would  infer. 

There  are,  it  is  true,  indications  both  in  Britain  and  Switzerland 
of  intervals  of  milder  conditions  during  certain  times  of  the  Glacial 
epoch ;  but  these  minor  differences  are,  I  think,  due,  not  to  the 
cosmical  cause  of  Dr.  Croll,  but  to  those  changes  of  climate  that  may 
be  brought  about  by  differences  in  the  distribution  of  land  and  water, 
such,  for  example,  as  the  extensive  submergence  which  took  place  in 
England  and  North  Germany  after  the  first  great  land-glaciation, 
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when  there  waa  a  submergence  of  from  1500  to  2000  feet,  and  a 
large  land-area  became  covered  by  the  sea — a  change  which  could 
hardly  have  failed  to  affect  the  climate  not  only  of  those  regions, 
but  also  of  Switzerland  and  other  parts  of  Europe.  It  is  not  my 
intention,  however,  to  say  more  at  present  upon  this  question,  but 
to  proceed  to  the  consideration  of  the  third  and  main  point,  namely, 
the  probable  duration  of  the  Glacial  epoch,  which  hinges  so  materially 
on  tbe  laws  affecting  ice- growth  and  glacier-motion. 

Twenty  years  ago  the  only  data  we  had  bearing  on  the  subject  of 
glacier-motion  and  action  were  the  observations  of  Agassiz,  Forbes, 
Tyndall,  and  others  on  the  glaciers  of  the  Alps.  These  had  taught 
us  the  rate  of  motion  of  many  of  the  Alpine  glaciers,  their  periods 
of  advance,  and  the  causes  of  their  growth  and  decay.  It  was  on 
these  facts  alone,  which  are  really  not  applicable,  that  we  had  to 
judge  what  might  have  been  the  possible  rate  at  which  the  great 
ice-sheet  spread  over  the  land. 

It  was  found  that  in  July  the  Mer  de  Glace  advanced  at  the  rate 
of  33  inches  in  the  twenty-four  hours,  and  the  Aletsch  glacier  19 
inches  in  August ;  whilst  the  winter  rate  was  estimated  at  about 
half  that  of  summer ;  so  that  roughly  the  rate  of  motion  for  the 
year  may  lie  between  300  and  400  feet,  though  in  one  year  the  Mer 
de  Glace  was  found  to  have  advanced  483  feet. 

The  position  of  Hugi's  hut  on  the  Aar  glacier  gave  a  more  definite 
measure  based  on  a  longer  average,  for  in  the  course  of  fourt<?en 
years  it  was  found  to  have  been  carried  at  the  mean  rate  of  338  feet 
annually.  We  may  therefore  take  the  average  motion  of  the 
Swiss  glaciers  to  be  about  equal  to  300  or  400  feet  annually. 

The  advance  and  retreat  of  the  terminal  front  of  a  glacier  are 
of  course  independent  of  this  continuous  motion  of  the  great  body 
of  ice,  and  depend  on  the  climatal  conditions  of  the  year.  In 
the  cold  summers  of  1816  and  1817  there  was  a  general  advance 
of  all  the  Swiss  glaciers,  whilst  since  1856  there  has  been  a  general 
retreat.  Usually  the  loss  or  gain  is  small,  but  in  some  years 
it  is  considerable.  In  the  two  years  above  named  some  of  the 
glaciers  advanced  from  100  to  150  feet  or  more.  Of  other  Swiss 
glaciers  an  advance  of  1  metre  daily  in  summer  is  recorded  ;  but  the 
most  remarkable  case  is  that  of  the  Vemagt  glacier  in  the  Tyro- 
lese  Alps,  which  is  exceptional  in  that  it  advances  by  fits  and 
starts.  Between  1843  and  1847  the  ice  from  this  glacier  covered 
the  valley  below  to  the  length  of  1264  mc^tres,  which  gives  a  mean 
annual  rate  of  870  feet,  while  the  thickness  of  the  mass  of  ice  near 
its  extremity  exceeded  500  feet.  Another  glacier  in  the  same 
range  advanced  after  all  oscillations  above  a  mile  in  a  century.  On 
the  other  hand  the  Rhone  glacier  between  1856  and  1877  retreated 
nearly  half  a  mile,  or  on  an  average  116  feet  annually;  whilst 
between  1870  and  1877  the  retreat  extended  for  a  distance  of  400 
metres,  or  a  mean  of  187  feet  per  annum,  the  greatest  retreat  being 
between  the  years  1870  and  1874,  when  it  amounted  to  250  metres, 
or  a  mean  of  205  feet  per  annum.  In  the  Yalley  of  Chamouni  the 
Glacier  du  Tour  retreated  320  metres  in  the  eleven  years  between 
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1854  and  1866,  or  at  the  rate  of  about  155  feet  annually.  Tho 
mean  annual  ablation  of  the  Swiss  glaciers  is  estimated  at  about 
10  feet,  but  on  the  Glacier  des  Bossons  the  surface  of  the  ice  has  been 
lowered  260  feet  in  twelve  years. 

Here,  then,  seasonal  fluctuations  alone  are  attended  by  alternate 
advances  and  retreats  of  the  glacier-front  of  not  less,  on  a  mean  of 
these  instances,  than  from  200  to  300  feet  per  annum.  K,  then, 
mere  seasonal  fluctuations  are  attended  by  changes  of  this  extent, 
it  would  follow  that  with  the  secular  increase  of  cold  during  the 
Glacial  epoch  the  rate  of  progress  must  have  considerably  exceeded 
these  limits.  Taking  for  the  present  a  mean  rate  of  250  feet,  the 
longest  of  the  old  Swiss  glaciers,  namely  that  of  the  Ehone,  which 
then  had  a  length  of  250  miles,  might  have  travelled  that  distance  in 
5000  years.  This,  however,  is  assuming  the  absence  of  seasonal 
retardations  and  fluctuations,  which  is  not  possible.  Allowances 
have  to  be  made  for  warmer  seasons  and  temporary  retreats  of  the 
ice,  and  also  for  the  fact  that  the  old  glacier  did  not  move  on  the 
steep  inclines  of  Alpine  valleys,  but  traversed  the  small  incline 
of  a  great  river-plain.  On  the  other  hand,  we  have  to  take  into 
account  the  circumstance  that  the  present  seasonal  changes  give 
measure  of  the  growth  of  ice  under  the  continuous  and  more  extreme 
glacial  conditions  of  that  epoch.  Nothing  positive  can  therefore 
be  founded  on  this  case,  though  it  may  serve  to  show  the  possibility 
of  a  more  rapid  rate  of  progress  of  the  old  glaciers  than  the  present 
estimates  allow. 

We  have,  however,  in  Arctic  regions  truer  and  more  adequate 
terms  of  comparison  in  the  great  ice-sheet  of  Greenland.  Already 
in  1876  Professor  Helland  *  showed  that  the  Greenland  glaciers  had 
a  much  more  rapid  rate  of  flow  than  those  of  Switzerland.  The 
Jakobshavn  glacier,  notwithstanding  its  small  slope  of  only  half 
a  degree,  was  found  to  advance  its  front  at  the  rate  of  from  50  to  60 
feet  a  day.  The  flow  of  the  glacier  of  the  Fjord  of  Torsukatak, 
which  is  nearly  five  miles  broad,  gave  a  rate  of  from  12  to  33  feet 
daily.  Taking  the  average  rate  of  the  three  glaciers  on  which 
Prof.  Helland  made  observations,  the  average  discharge  of  the  ice 
was  23  feet  in  twenty-four  hours ;  and  he  estimated  that  at  the 
Jakobshavn  glacier  only  four  years  would  required  bo  to  transport 
a  mass  from^  the  edge  of  the  inland  ice  to  the  sea,  a  distance  of  12^ 
miles.  But  he  considered  it  improbable  that  the  inland  ice  would 
move  with  anything  like  tho  velocity  of  the  glaciers,  and  calculated 
that  a  mass  of  ice  starting  halfway  between  the  east  and  west  coasts 
of  Greenland  would  take  eighty-one  years  to  reach  the  Fjord. 
These  observations  were,  however,  made  in  the  summer  months, 
and  were  only  of  a  few  days'  duration,  so  that  the  annual  rate  was 
not  ascertained. 

Since  then  a  Danish  scientific  expedition,  consisting  of  engineers 
and  geologists  (one  of  whom,  Mr.  E.  J.  v.  Steenstrup,  passed  eight 
summers  and  two  winters  in  the  country),  have  completed  a  most 
important  exploration  of  the  Greenland  ice,  of  which  a  short  sum- 

*  Quart.  Joum.  Q«ol.  8oc.  vol.  zxxiii.  p.  142. 
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mary  has  recently  been  given  by  Dr.  Rink  *.  Their  observatione 
fully  confirm  those  of  Professor  Helland,  and  show  that  the  motion 
of  the  inland  ice  may  be  compared  to  an  innndation.  It  was  foand 
that  there  is  a  general  movement  of  the  whole  mass  of  the  ice 
from  the  central  regions  towards  the  sea,  and  that  it  concentrates 
its  force  upon  comparatively  few  points  in  the  most  extraordinary 
degree.  These  points  are  represented  by  the  so-called  ice-^ords, 
through  which  the  annual  surplus  of  ice  is  carried  ofF  and  discharged 
in  the  shape  of  icebergs. 

The  velocity  of  the  ice  was  noted  in  seventeen  glaciers,  the 
measurements  being  repeated  during  the  coldest  and  the  warmest 
seasons;  and  it  was  found,  remarkable  as  it  may  seem,  that  the 
movement  was  not  materially  influenced  by  the  seasons.  The  great 
glacier  of  the  ice-lQord  of  Jakobshavn,  which  has  a  breadth  of  4500 
metres,  was  rated  at  50  feet  per  diem.  One  of  the  glaciers  in  the 
ice-fjord  of  Torsukatak  has  a  movement  of  between  16  and  32  feet 
daily.  The  large  Karajak  glacier,  about  7000  metres  broad,  proceeds 
at  the  rate  of  from  22  to  38  feet  in  twenty-four  hours  ;  and  another 
in  the  fjord  of  Jtivdliarsuk,  5800  metres  broad,  at  from  24  to  46 
feet.  The  conclusion  at  which  the  Danish  corps  arrived  was  that 
the  glaciers  which  produce  the  bergs  move  at  the  extraordinary  rate 
of  from  30  to  50  feet  per  diem  throughout  the  year. 

What,  then,  may  have  been  the  rate  of  movement  of  the  great 
ice-sheets  of  America  and  Europe  in  the  Glacial  epoch  ?  Ko  doubt 
the  velocity  of  the  ice  in  the  ice-fjords  is  increased  by  the  free  play 
of  the  ice  as  it  reaches  the  sea  and  by  the  rapidity  with  which  the 
bergs  are  detached.  It  is  also  increased  by  the  circumstance  that 
the  great  body  of  inland  ice,  the  whole  of  which  is  in  motion,  is 
forced,  and  has  to  escape,  through  the  passes  between  the  range 
of  mountains  which  fringe  the  coast  and  rise  high  above  the  imme- 
diately inland  districts.  The  summits  of  those  mountains  rise  in 
bare  isolated  masses  (Nunataks)  above  the  surrounding  ice-sheet, 
and  the  passes  between  them  and  through  which  the  ice  has  forced 
its  way  have  been  gradually  worn  down,  and  now  form  the  channels 
(i^ords)  through  which  the  surplus  inland  ice  escapes,  with  a  velo- 
city increased  in  proportion  to  the  contraction  of  the  passages. 
Thus  in  the  ice-Qord  of  Torsukatak,  which  is  nearly  5  miles  wide, 
the  ice  passes  out  with  a  mean  velocity  of  24  feet  per  diem,  or 
equal  to  a  mass  of  ice  of  that  width,  and  1  j  mile  long,  annually ; 
the  Karajak  glacier,  which  is  4^  miles  broad,  flows  at  the  rate  of 
30  feet  daily,  or  equal  to  a  length  of  above  2  miles  a  year  ;  and  in 
the  huge  ice-fjord  of  Jakobshavn,  which  is  not  quite  3  miles  broad, 
the  ice  attains  a  velocity  of  50  feet  daily,  so  that  a  length  of  above 
3  miles  of  ice  is  discharged  annually. 

Until  all  the  glaciers  have  been  gauged,  and  we  know  the  relation 
of  their  totals  to  the  breadths  of  the  intervening  "  Nunataks,"  no 
definite  measure  of  the  total  volume  of  annual  surplus  ice  can  be 
established;  but  for  our  general  purpose  some  approximate  idea 
may  be  formed.  The  average  of  the  great  glaciers  gives  a  mean  rate 
•  Trans.  Edinb.  G«ol.  See  vol.  v.  p.  286  (1887). 
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of  35  feet  daily  and  a  discharge  of  2^  miles  of  ice  annually.  There 
are  other  ice-fjords  of  far  greater  breadth  than  those,  such  as  the 
Humboldt  glacier,  which  is  60  miles  broad.  Looking  at  the  map, 
it  seems  not  improbable  that  the  breadth  of  ice-front  to  rock-front 
of  the  whole  coast  may  be  in  the  proportion  of  1  to  20. 

Supposing  the  quantity  which  runs  off  to  be  equalized  throughout 
the  whole  extent  of  coast,  the  fringe  of  ice  which  would  pass  off 
from  the  land  would  be  -J-  of  a  mile  in  width  annually,  or  a  breadth 
of  1  mile  would  take  eight  years  to  pass  off.  If  the  proportion  should 
prove  greater,  say  1 :  30,  then  it  would  take  twelve  years.  In  the 
one  case  a  sheet  of  ice  100  miles  long  and  of  the  width  of  the  cen- 
tral ridge  would  require  eight  hundred,  and  in  the  other  twelve 
hundred  years  for  its  formation  ;  or,  taking  the  length  of  the 
maximum  radius  of  the  old  ice-sheets,  of  which  the  Canadian  high- 
lands and  the  Scandinavian  mountains  formed  the  centre,  at  500 
miles,  the  time  required  to  form  this  length  of  ice  would  be  respec- 
tively four  thousand  and  six  thousand  years. 

This,  however,  is  based  only  on  one  roughly  approximate  known 
quantity.  Wo  have,  on  the  per  contra  side,  to  allow  for  certain  un- 
known quantities.  First,  allowance  has  to  be  made  for  the  difference 
between  the  free  escape  into  the  sea  and  the  impeded  progress  of  ice 
over  land  with  slight  gradients.  This  resistance  would,  however, 
be  partly  neutralized  by  the  gradual  building  up  of  a  great  thickness 
of  ice  in  the  central  area,  where  in  the  Glacial  epoch  it  attained  a 
thickness  of  from  5000  to  6000  feet  ♦. 

The  mass  of  ice,  projected  outwards  towards  its  circumference, 
would,  except  where  it  met  with  contracted  channels,  roll  over  the  land 
as  a  viscid  body  with  comparatively  little  rigidity  and  friction.  When, 
in  the  Glacial  epoch,  the  great  southern  glaciers  of  the  Alps  flowed 
down  the  steep  and  confined  valleys  opening  upon  the  flat  plain 
of  Lombardy,  they  deeply  ploughed  their  channels,  and  pushed 
before  them  for  short  distances  enormous  moraines ;  but  in  the 
wide  open  tracts  of  the  United  States,  of  Northern  Europe,  and  the 
south  of  England,  where  the  ice  met  with  little  resistance  and  could 
expand  in  other  directions,  there  is,  as  a  rule,  an  absence  of  moraines 
and  often  of  glacial  strise. 

In  the  second  place,  there  were,  no  doubt,  seasonal  fluctuations 
which  would  retard  the  flow  for  lesser  or  greater  periods.  It  is 
asserted  that  in  Europe  there  were  interglacial  periods  during  which 
the  ice  disappeared  from  the  surface  for  great  lengths  of  time. 
But  either  the  evidence  is  insufficient  or  it  points  to  slight  temporary 
effects,  except  in  one  case,  which  is  of  more  importance,  and  on  which 
the  greatest  stress  is  laid,  namely,  that  of  Diirnten  in  Switzerland. 
There  beds  of  lignite  with  mammalian  remains  are  intercalated 
between  two  glacial  deposits.  Admitting  the  fact  that  the  lignite 
rests  on  beds  of  undoubted  glacial  (ground-moraine)  origin,  and  that 
the  trees  grew  on  the  spot  where  their  stumps  and  remains  are  found, 
it  by  no  means  follows,  as  contended,  that  because  these  trees  are  all 

*  The  American  geologists  also  consider  that  the  Canadian  land  then  stood 
considerably  higher  than  now. 
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of  species  now  living  in  Switzerland  the  temperature  was  that  of 
Switzerland  at  the  present  day.  Finus  sylvestris,  Abies  excelsa^ 
the  Yew,  the  Birch,  and  the  Oak  flourish  equally  in  Sweden  and 
far  north  in  Siberia.  On  the  other  hand,  there  is  one  species  of 
Pinus  (P.  montana)  which  is  spread  over  the  mountain  country  up 
to  heights  of  7000  feet,  and  is  rare  in  the  low  lands ;  while  one 
of  the  mosses  is  closely  allied,  to  a  species  now  growing  on  the 
hills  of  Lapland.  The  few  species  of  Mammalia  have  a  distinctly 
northern  facies.  ElepTias  primigenius^  E,  antiquus,  Vrms  spelams, 
as  also  Cervus  elaphus  and  Bos  primigenius  are  commonly  asso- 
ciated with  the  Reindeer,  Musk-Ox,  and  other  Arctic  animals  of  the 
cold  Postglacial  times.  Further,  both  the  trees  and  animals  are 
those  of  our  '*  Forest-bed,"  the  last  land-survival  before  the  setting 
in  of  the  extreme  Glacial  cold. 

Is  the  return,  therefore,  of  the  retreating  glacier,  supposing  the 
boulder-gravel  above  the  lignites  of  Diirnten  to  be  due  to  direct  ice- 
action,  to  be  ascribed  to  anything  more  than  a  comparatively  slight 
temporary  change  of  climate,  like  those  that  now  for  a  succession 
of  seasons  cause,  £rom  time  to  time,  a  temporary  advance  of  the 
glaciers,  only  more  marked  ?  We  must  allow,  of  course,  for  greater 
differences  and  longer  intervals  of  time  than  now  obtain. 

Such  minor  vicissitudes  of  climate  are  more  compatible  with 
changes  in  the  physiography  of  Europe  than  with  the  cosmical  causes 
to  which  the  Glacial  epoch,  as  a  whole,  was,  there  is  little  doubt,  due. 
Nor  is  it  difficult  to  And  such  a  cause  in  the  extensive  changes  in  the 
distribution  of  land  and  water  which  took  place  in  Britain  and  Nor- 
thern Europe  after  the  first  great  land-glaciation  and  the  formation 
of  the  Lower  Boulder-clay.  The  submergence  of  Lreland,  Wales, 
Scotland,  and  England  (in  part),  and  of  a  large  area  in  Russia  and 
North  Germany,  extending  to  Holland,  was  sufficient,  with  the 
influence  of  currents  from  the  south  (for  in  the  shells  of  the  Middle 
Boulder-series  there  is  a  large  percentage  of  southern  forms  and  an 
absence  of  extreme  Arctic  forms),  to  effect  a  considerable  amelioration 
of  the  climate,  such  as  would  lead  to  the  temporary  return  of  the 
old  Preglacial,  but  still  northern,  fauna  and  flora. 

With  the  rise  of  the  temporarily  submerged  lands  the  climate  again 
changed,  and  brought  the  Alpine  glaciers  back  over  part  of  their  old 
ground,  overwhelming  in  their  course  the  forest-growth  which  had 
sprung  up  in  the  meantime.  But  the  beds  of  stratified  sand,  gravel, 
and  boulders  overlying  the  lignite  are  more  likely  to  have  been  the 
result  of  glacial  torrents  than  of  the  direct  superposition  of  the  ice, 
which  may  have  again  approached,  but  is  not  proved  to  have  covered, 
the  spot. 

For  the  formation  of  this  interglacial  bed  a  period  of  6000  years 
has  been  claimed ;  but  the  claim  rests  on  doubtful  data.  The  lignite 
is  from  5  to  10,  and  rarely  12  feet  thick.  In  the  estimate  the  maxi- 
mum thickness  of  12  feet  is  taken,  and  it  is  assumed  that  to  form  this 
12  feet  of  lignite  it  would  have  required  60  feet  of  peaty  matter,  or 
that  it  took  5  feet  of  peat  to  form  1  foot  of  lignite,  and  that  100  years 
would  be  needed  for  the  growth  of  each  foot  of  peat :  thus  a  total  of 
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€000  years  is  obtained.  But  the  growth  of  peat  varies  extremely. 
It  may  be,  in  some  cases,  not  more  than  1  foot  in  a  century,  but  it  is 
commonly  more,  being  sometimes  as  much  as  4,  6,  and  even  10  feet 
in  that  time ;  and  while  it  is  estimated  that  to  form  1  foot  of  coal, 
from  2^  to  3  feet  of  woody  matter  may  be  required,  it  is  clear  that 
lignite,  which  has  lost  less  of  its  original  constituents*  than  coal,  and 
of  which  the  specific  gravity  is  about  1-25,  while  that  of  coal  is  about 
1-5,  cannot  require  for  each  foot  5  feet  of  peat  and  wood.  Taking, 
therefore,  the  original  thickness  of  the  peat  at  24  instead  of  60  feet, 
and  the  growth  at  4  feet  in  a  century,  600  years,  instead  of  6000, 
would  be  sufficient  for  the  formation  of  the  Diirnten  beds. 

These  intervals,  therefore,  although  they  may  involve  considera- 
tions respecting  hundreds,  are  scarcely  likely,  as  they  must  have  been 
subordinate  to  the  general  progress  of  the  ice-sheet,  to  involve  ques- 
tions relating  to  thousands  of  years.  It  is  to  be  observed  also  that 
there  is  no  evidence  in  North  America  of  an  interglacial  period  in 
the  sense  of  the  one  supposed  to  have  existed  in  Europe,  although 
there  is  evidence  that  after  the  great  ice-sheet  had  retreated  for  a 
very  considerable  distance  northward,  there  was  a  pause  or  a  partial 
advance  again  southward — an  advance  marked  this  time  by  deeply 
lobed  lines  of  moraines. 

Whilst  there  are  these  reasons  for  prolonging  the  duration  of  the 
Glacial  epoch,  there  are  other  factors  in  the  question  which  tend  to 
shorten  it.  At  present  the  discharge  of  ice  from  the  Greenland 
sheet  is  merely  the  surplus  under  conditions  of  a  settled  mean  an- 
nual temperature ;  but  the  Glacial  epoch  was  a  time,  on  the  whole, 
although  there  may  have  been  pauses,  of  constantly  increasing  cold, 
and  of  constant  increase  in  the  area  of  the  great  ice-sheet,  and  there- 
fore there  was  not  merely  a  supply  due  to  a  uniform  mean  annual 
temperature,  but  the  increments  arising  from  the  gradual  secular 
refrigeration. 

It  may  also  be  a  question  whether  or  not  the  rainfall  was  then 
greater  than  now.  At  present  in  Greenland  it  is  small,  apparently 
under  20  inches,  while  in  the  North- American  old  ice-area  it  is  not 
less  than  from  40  to  45  inches  annually.  Possibly  the  precipitation  in 
the  Glacial  epoch  was  even  larger,  for  the  Florida  promontory,  which 
now  deflects  and  contracts  the  Gulf-stream,  was  at  that  time  con- 
siderably smaller,  the  coral  reef  by  which  it  is  formed  not  having 
then  extended  so  far  south.  Consequently  the  channel  through 
which  the  stream  passed  being  wider,  a  greater  volume  of  water 
flowed  through ;  and  this  large  body,  thus  carried  into  the  North 
Atlantic,  moving  probably  with  greater  velocity  and  having  a  higher 
temperature  than  now,  may,  in  consequence  of  the  greater  satura- 
tion of  the  incumbent  air,  have  materially  affected  the  precipitation 

*  In  the  extreme  case  of  the  oonversion  of  wood  and  peat  into  anthracite,  in 
which  the  proportion  of  oxygen  and  hydrogen  to  the  carbon  is  as  5 :  95,  the  esti- 
mate is  of  from  7  to  8  feet  of  wood  to  1  foot  of  anthracite ;  and  in  ordinary  coal, 
where  these  constituents  are  roughly  as  15 :  85,  the  estimates  vary  from  2^  to 
3  feet  of  woody  matter  to  1  foot  of  coal.  In  lignite,  then,  where  the  change  has 
inTOlved  less  loss  (say  to  30  O  -|-  H :  70  O)  and  the  pressure  has  been  less,  the 
4x>mpre88ion  must  certainly  have  also  been  less. 
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both  in  North-eastern  America  and  North-western  Europe.  It  is- 
therefore  more  than  possible  that  the  mean  annual  surplus  of  ice 
was,  independently  of  the  extra  quantity  due  to  the  increasing  cold, 
larger  than  in  Greenland  at  present. 

The  growth  of  the  ice-sheet  is  not,  however,  dependent  only  on 
the  rainfall.  The  experiments  of  MM.  Dufour  and  Eorel  have  shown 
that  when  the  temperature  of  the  air  on  the  Rhone  glacier  varied 
from  41°  to  52°  F.  there  was  a  condensation  of  moisture  equal  to 
150  cubic  metres  of  water  per  square  kilometre,  and  this  in- 
creased proportionally  the  volume  of  the  glacier-ice  and  water. 
Under  these  circumstances  it  is  not  difficult  to  conceive  that  a  foot 
or  more,  taking  the  total  precipitation,  might  be  added  annually  to 
the  thickness  of  the  ice.  Even  in  recent  times  a  difference  of  level 
in  the  surface  of  some  of  the  Swiss  glaciers  to  the  extent  of  from 
80  to  100  feet  has  been  known  to  have  been  effected  in  the  course 
of  20  years. 

Taking  as  the  known  quantity  the  results  supplied  by  the  Green- 
land observations,  the  equation  will  be — a  surplus-ice  overflow  equal 
to  one  mile  advance  in  eight  or  twelve  years,  minus  the  retardation 
due,  1st,  to  friction  and  irregularities  of  surface ;  2ndly,  to  seasonal 
changes  of  temperature  (the  so-called  interglacial  periods) ;  plus,  1st,, 
the  increase  of  discharge  due  to  progressive  secular  refrigeration,  and 
2ndly,  the  increased  precipitation  and  condensation.  The  one  known 
quantity  gives  from  4000  to  6000  years.  Of  the  nnknown  quantities 
we  can  at  present  but  form  a  distant  idea.  )^''e  can  only  feel  assured 
that  they  must,  in  all  probability,  be  subordinate  to  the  known 
quantity.  After  full  consideration  of  the  subject,  my  own  opinion^ 
based  on  the  facts  I  have  here  brought  forward,  is,  that  it  will  bo 
found  that  the  time  required  for  the  formation  and  spread  of  the 
great  ice-sheets  in  Europe  and  America  need  not  bo  extended  be- 
yond from  15,000  to  25,000  years,  if  so  much. 

I  am  taking  this  to  represent  the  interval  between  the  time  when 
the  ice-sheet  commenced  its  progressive  march  and  that  when  the 
climatal  change  was  such  as  to  cause  its  full  retreat.  The  fact  is,  as 
we  use  the  terms,  they  have  not  the  meaning  that  might  be  attached 
to  them.  Preglacial  does  not  signify  a  separate  period  before  the 
Glacial,nor  Postglacial  another  subsequent  to  it.  The  former  term 
merely  applies  to  the  earlier  stages  of  the  Glacial  epoch,  and  the  latter 
to  the  later  stages.  The  lines  are  arbitrary  ones.  We  might  equally 
well  adopt  two  periods,  the  one  from  the  inset  of  the  cold  period 
to  its  zenith,  and  the  other  from  its  zenitl^  to  its  termination.  I, 
however,  here  adopt  the  usual  divisions — the  so-called  Glacial  epoch 
representing  a  certain  length  of  time  when  the  cold  was  at  its 
maximum,  and  the  others  the  periods  of  first  increase  and  last  de- 
crease. It  is  to  the  latter,  to  which,  on  Dr.  Croll's  hypothesis,  a 
term  of  80,000  years  has  been  assigned,  that  I  now  refer. 

The  adoption  of  this  length  of  time  has  been  very  much  the  result 
of  the  belief  that  no  shorter  time  woidd  account  for  the  excavation 
of  the  valleys  supposed  to  have  been  formed  during  this  period.  I 
myself  may  have  been  partly  instrumental  in  giving  currency  to  the 
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belief,  for  I  placed  the  oldest  of  the  old  valley-gravels  at  the  com- 
mencement  of  this  Postglacial  period,  whereas  I  now  think  it  pro- 
bable  that  in  the  south  of  England  and  in  France  many  of  them 
may  date  back  to  fall  Glacial  times.  I  could  never,  however,  agree 
to  the  great  length  of  time  assigned  to  the  postglacial  period.  The 
adoption  of  a  rate  of  denudation  based  on  that  of  the  present  day 
always  seemed  to  me  open  to  grave  objections,  and  in  this  belief  aU 
subsequent  experience  has  confirmed  me.  Dr.  CroU,  who,  with  others, 
adopts  the  generally  accepted  rate  of  denudation,  namely,  one  foot 
of  rock  or  soil  removed  off  the  general  level  of  the  country  during 
6000  years,  nevertheless  remarks  "  if  the  rat«  of  denudation  be  at 
present  so  great,  what  must  it  have  been  during  the  Glacial  epoch  ? 
It  must  have  been  something  enormous."  This  led  him,  it  is  true, 
to  reject  the  alternative  date  of  from  980,000  to  720,000  years  ago 
for  the  Glacial  epoch,  and  to  adopt  the  one  terminating  80,000  years 
ago ;  yet  much  of  his  argument  is  based  on  the  assumption  of  the 
above-named  rate  of  denudation  *. 

But  it  is  no  more  possible  to  judge  of  the  rate  of  denudation  during 
the  Glacial  period  by  that  of  river-action  at  the  present  day  than  it 
was  to  estimate  the  rate  of  flow  of  the  Greenland  ice  by  Alpine  experi- 
ence. The  enormous  pressure  and  wear  of  ice  from  2000  to  6000  feet 
thick  in  contracted  yalley-channels,  especially  in  fiords,  whore,  as  for 
example  in  Greenland,  it  stood  from  1800  to  2000  feet  higher  than 
now ;  the  powerful  disintegrating  effects  of  extreme  cold  on  rocks;  the 
annual  action  of  ground-ice  in  rivers,  and  of  the  sweeping  and  devas- 
tating floods,  resulting  from  the  melting  of  the  winter's  snow  and 
surplus  ice,  combined  to  produce  results  of  which  it  is  impossible 
to  judge  by  the  ordinary  work  of  these  temperate  latitudes.  Wo 
must  go  to  high  northern  latitudes  to  find  any  terms  of  comparison. 

I  am  unable  at  present  to  go  more  fully  into  this  subject,  but  I  would 
just  allude  to  some  interesting  corroborative  testimony  recently  brought 
forward  by  Prof.  J.  D.  Dana  in  connexion  with  the  phenomena  of  the 
Connecticut  valley  f.  The  numerous  old  river- terraces  in  this  valley 
extend  for  a  distance  of  250  miles  inland.  The  river  has  excavated 
a  valley  through  the  ancient  high-level  plain  to  a  depth  of  from 
150  to  200  feet,  with  a  width  of  from  one  eighth  of  a  mile  to  one  mile. 
The  mean  depth  of  the  river  in  flood  at  this  Postglacial  (Champlain) 
period  is  estimated  by  Dana  to  have  been  about  140  feet  tt  the  mean 
height  of  the  present  floods  being  about  2(j  feet.  The  mean  width 
of  the  upper  section  of  the  flooded  stream  he  estimates  at  6000  feet. 
Taking  these  measures,  together  with  the  mean  slope,  he  obtains  a 
maximum  velocity  of  over  twelve  miles  an  hour,  with  a  mean  of  about 
three  or  four  miles,  whence  some  idea  may  be  formed  of  the  enormous 
transporting  power  of  the  river  of  that  period.   The  annual  rainfall  in 

*  Though  little  change  has  yet  been  made  in  the  line  of  argument,  there  has 
been  a  growing  belief  amongst  geologists  that  the  present  rate  of  change  has 
not  always  be^  uniform,  and  must  not  be  taken  as  the  measure  for  all  past  and 
all  future  time.  See  some  pregnant  observations  on  this  point  by  Dr.  Archibald 
Geikie  in  the  Trans.  Geol.  Soc.  Glasgow  for  March  18(58,  p.  188. 

t  American  Joum.  of  Science  for  March  1882. 

I  This  seems  to  me  possibly  too  extreme  a  depth. 
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this  district  now  varies  from  65  inches  on  the  coast  to  42  inches  in 
the  interior  ;  hut  daring  the  Glacial  period,  Dana  considers  that  tho 
special  conditions  must  have  occasioned  a  much  more  abundant  pre- 
cipitation—probably as  high  as  120  inches,  or  greater  than  in  any 
modem  glacial  region. 

In  this  country  and  in  the  north  of  France  the  valle3's  have  been 
excavated  to  the  depth  of  from  80  to  120  feet  in  glacial  and  postglacial 
times.  It  may  be  difficult  from  our  present  experience  to  conceive 
this  to  have  been  effected  in  a  comparatively  short  geological  time, 
though  the  extension  back  to  glacial  time  gives  both  greater  power 
and  greater  time  ;  yet  it  is  equally,  and  to  my  mind  more,  difficult 
to  suppose  that  Man  could  have  existed  80,00(5  years  (or  200,000, 
if  Preglacial),  and  that  existing  forms  of  our  fauna  and  flora  should 
have  survived  during  240,000  years  without  change  and  modification. 
The  acceptance  of  those  dates,  which  place  the  land-glaciation  some 
100,000  to  150,000  years  back,  would  also  lead  to  the  difficulty  (even 
on  the  assumption  of  a  rate  of  denudation  of  1  foot  in  6000  years)* 
that  the  surface-wear  should  have  been  far  greater  than  it  is. 
For  example,  to  mention  only  two  points,  could  the  striations  on 
soluble  rock-surfaces  have  remained  so  fresh  as  they  are,  and  would 
not  the  limestone-rock  on  which  the  boulders  of  Silurian  rocks 
were  left  on  the  melting  of  the  ice  on  the  Yorkshire  hills  show 
much  greater  wear  than  it  actually  does  ?  These  boulders  now  stand 
on  pedestals  raised  from  1  to  2  feet  above  the  surrounding  surface-level 
in  consequence  of  the  dissolving  away  of  the  limestone  rocks.  We 
should  look  for  pedestals  of  much  greater  height  if  the  glaciation 
took  place  at  the  distant  period  involved  in  Dr.  Croll's  hypo- 
thesis. 

My  first  impressions  with  respect  to  theValley  of  the  Sommewere: — 
that  the  high-level  gravels  originated  in  early  Glacial  times ;  that  the 
intermediate  stages  and  terraces  were  formed  during  the  excavation 
of  the  valley  as  a  consequence  of  the  great  glacial  and  postglacial 
floods ;  and  that  the  low-level  gravels  formed  the  concluding  stage  of 
those  conditions.  But  in  the  absence  of  data,  since  acquired,  the 
strong  prepossessions  then  existing,  and  the  novelty  of  the  subject, 
I  was  then  led  to  conclude  that  the  whole  might  be  Postglacial. 

So  much  evidence  has,  however,  since  been  brought  forward  with 
respect  to  the  so-called  Preglacial  Man,  that  I  feel  1  am  now  justi- 
fied in  reverting  in  great  part  to  my  original  position.  The  cave- 
work  of  Mr.  Tiddeman  and  Dr.  Hicks  gives  strong  presumptive  evi- 
dence of  the  earlier  geological  appearance  of  Man  in  the  British  area ; 
and  I  see  no  reason  to  doubt  the  sub-boulder-clay  evidence  of  Mr. 
Skertchly,  although  I  was  unable  myself  to  corroborate  his  discovery 
of  the  worked  flints.  Of  the  correctness  of  his  opinion  in  respect  to 
the  stratigraphical  position  of  the  bed  in  which  his  specimen  was 
found,  I  have,  however,  little  doubt.  The  great  masses  of  gravel  in 
the  neighbourhood  of  Mildenhall  and  Lakenheath,  also  containing 
flint  implements,  are  certainly  not  of  fluviatile  origin  ;  they  seem 

*  A  general  rate  of  this  desoription  is  also  scarcely  applicable  to  a  special 
rate,  sudi  aa  that  relating  to  valley-denudation. 


Digitized  by  LjOOQ IC 


BEFERENCE  TO  THE  AlTTIftUITT  OF  MAK.  407 

to  me  to  be  part  of  the  phenomena  connected  with  the  passage  of 
the  great  ice-sheet  over  the  eastern  counties,  and  in  that  sense 
Preglacial.  I  hope,  when  more  at  leisure,  to  be  able  to  give  other 
instances. 

In  the  meantime,  I  may  briefly  state  my  condiisions  that  the 
high-level  beds  of  the  Somme  Valley  at  Amiens,  of  the  Seine  in  the 
neighbourhood  of  Paris,  of  the  Thames  at  the  Eeculvers,  and  of  the 
Avon  at  Salisbury,  together  with  the  caves  above  named,  date  back 
to  Glacial  or  Preglacial  times,  not  in  the  sense  of  being  anterior 
to  the  Glacial  epoch,  but  in  the  sense  of  belonging  to  that  part 
of  the  Glacial  epoch  when  the  great  ice-sheet  was  advancing,  but 
had  not  yet  invaded  the  whole  of  this  area.  The  ice-flood  does  not, 
however,  seem  to  have  extended  lo  the  Somme  and  Seine  Valleys, 
and  there  Man,  driven  back  from  more  northern  latitudes,  remained 
in  occupation  possibly  during  the  climax  of  the  Glacial  epoch,  after 
which  he  returned  to  the  old  ground  he  had  previously  occupied, 
and  has  left  further  traces  uf  his  presence  in  the  lower  drifts  of  the 
Valley  of  the  Thames  and  of  other  rivers  of  England,  and  in  the 
caves  of  Cresswell  and  other  districts.  Man  was  therefore  "  Pre- 
glacial" in  one  sense,  but  should,  I  think,  in  another  sense,  be 
more  correctly  termed  "  Glacial"  or  "  Midglaoial,"  inasmuch  as  it 
was  during  the  advance  of  the  ice-flood,  and  only  shortly  before 
the  land  was  overwhelmed  by  it,  that  he  occupied  the  ground. 

In  supposing  that  Man  was  present  in  this  part  of  Europe  in 
Glacial  times,  I  am,  however,  far  from  claiming  for  him  the  antiquity 
which  a  term  of  80,000  years  would  give  to  Postglacial  Man,  as 
usually  understood.  For  the  reasons  before  given,  I  believe  that 
the  Glacial  epoch — ^that  is  to  say,  the  epoch  of  extreme  cold — may 
come  within  the  limits  of  from  15,000  to  25,000  years,  and,  for 
reasons  just  named,  that  of  the  so-called  PostglncisJ  period,  or  of 
the  melting  away  of  the  ice-sheet,  to  within  from  8000  to  10,000 
years.  This  might  give  to  PalflBolithic  Man,  supposing  him  to 
be  of  so-called  Preglacial  age,  if  we  may  be  allowed  to  form  a 
rough  approximate  limit  on  data  yet  very  insufficient  and  subject  to 
correction,  no  greater  antiquity  than  perhaps  about  from  20,000  to 
30,000  years ;  while,  should  he  be  restricted  to  the  so-called  Post- 
glacial period,  his  antiquity  need  not  go  further  back  than  from 
10,000  to  15,000  years  before  the  time  of  Neolithic  Man. 

Looking  at  the  facts  before  mentioned — that  most  of  the  species  of 
our  existing  land-  and  marine  fauna  and  flora  appeared  in  true  pre- 
glacial time,  that  is  to  say,  in  the  time  of  the  Forest-bed  group,  and 
were  the  same  as  now ;  that  the  great  extinct  Mammalia  of  that  time 
have  left  no  descendants,  but  have  merely  died  out  as  a  consequence 
of  the  great  changes  of  climate  and  conditions ;  and  the  difficulty  of 
conceiving  that  Man  could  have  existed  for  a  period,  say,  of  200,000 
years  without  change  and  without  progress — ^looking,  I  say,  at  these 
facts,  it  seems  to  mo  that  a  shorter  estimate  of  time  is  the  only 
one  in  accordance  with  all  the  conditions  of  the  problem. 

This  view  of  the  question  also  brings  the  geological  and  ethnolo- 
gical data  into  closer  relationship.    PaJbolithic  Man  in  north-western 


Digitized  by  LjOOQ IC 


408  PROF.  J.  PBXSTWICH  ON  THE  GLACIAL  PERIOD,  WITH 

Europe  disappeared  with  the  valley-gravels.  With  the  alluvial  and 
peati-beds  Neolithic  Man  appeared,  after  an  unascertained  but  not 
necessarily  a  very  long  interval,  geologically  speaking.  In  Europe 
we  are  unable  to  carry  back  his  presence  beyond  a  period  of  from 
3000  to  4000  years  b.c.  But  already  in  Egypt,  and  now  in  Asia 
Minor,  it  is  proved  that  civilized  communities  and  large  States 
flourished  before  4000  b.c.  Civilized  Man  must  therefore  have  had 
a  far  higher  antiquity  in  those  countries,  and  probably  in  Southern 
Asia,  than  those  4000  or  5000  years ;  so  that  it  is  possible  that  the 
two  periods  may  have  overlapped  in  Europe  and  in  Asia,  and  that 
while  Man  in  a  mote  advanced  state  flourished  in  the  East,  he  may 
here  in  the  West  have  been  in  one  of  his  later  Postglacial  stages. 


Discussioir. 

The  President  welcomed  Prof.  Prestwich  back  again,  and  said 
that  he  had  been  greatly  missed  whilst  engaged  in  other  work,  for 
the  result  of  which  all  were  looking  anxiously.  The  paper  was 
calculated  to  arouse  an  animated  discussion.  Prof.  Prestwich  had 
only  noticed  the  geological  objections  to  Dr.  Croll's  hypothesis.  The 
investigations  of  the  Danish  geologists  in  Greenland  afforded  valu- 
able new  data.  One  most  important  point  for  consideration  was 
the  age  of  the  valley-gravels  in  England  and  Northern  France, 
which  Prof.  Prestwich  had  so  ably  treated. 

Dr.  Evans  regretted  that  he  had  to  differ  from  the  Author,  and 
commented  on  the  boldness  of  giving  numerical  estimates  of  geo- 
logical time.  It  was  questionable  whether  the  astronomical  calcu- 
lations were  quite  complete.  Considering  the  deposits  formed 
since  the  Glacial  epoch,  both  marine  and  fluviatile,  he  doubted 
whether  the  dates  assigned  by  the  Author  sufficed.  Increased  rain- 
fiedl  might  account  for  some  of  the  denudation,  but  the  amount 
could  not  have  been  immensely  excessive  or  animal  life  would  have 
suffered  more  than  it  did.  Marine  erosion  told  a  similar  story  to 
fluviatile,  as  in  the  case  of  the  southern  part  of  what  must  have 
been  the  old  valley  of  the  Solent,  which  must  surely  have  required 
more  than  10,000  or  12,000  years  to  remove.  Still  the  ordinary 
views  of  extent  of  time  might  be  exaggerated.  The  speaker  could 
not  accept  as  conclusive  the  evidence  of  the  preglacial  age  of  man 
in  Wales,  and  was  very  doubtful  whether  the  palceolithio  implements 
found  by  Mr.  Skertchly  were  in  beds  of  glacial  date.  Some  of  the 
palseoHthic  implements  in  the  Eastern  districts  were  made  from 
pebbles  brought  into  the  country  by  glacial  action,  and  it  was  in- 
credible that  any  implements  of  really  preglacial  age  should  be  of 
the  same  type.  Preglacial  man  might,  however,  have  lived  in 
other  parts  of  the  world. 

Dr.  Geikie  remarked  that  Sir  W.  Thomson  originally  had  allowed 
100  millions  of  years  geological  time,  and  it  was  on  this  estimate 
that  Dr.  Croll's  views  were  founded.  Now,  however,  Dr.  Thomson 
had  limited  geological  time  to  about  12,000,000  years.     The  speaker 
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doubted  whether  this  could  have  sufficed  for  the  known  course  of 
geological  events.  He  wished  to  know  the  data  on  which  Prof. 
Prestwich's  estimates  of  time  were  founded.  It  had  been  suggested 
that  the  upper  valley-gravels  might  be  due  to  the  melting  of  the  ice- 
sheets  and  not  to  rivers  at  all. 

Prof.  BoTD  Dawkins  also  questioned  the  figures.  There  are  no 
standards  for  measuring  time  in  terms  of  years  outside  history,  in 
which  not  only  the  sequence  of  events  is  recorded,  but  the  length  of 
the  intervals  between  them.  In  geological  time  we  are  dealing  with 
a  sequence  of  events  separated  from  one  another  by  intervals,  of 
neither  of  which  have  we  any  certain  measure.  Dr.  Croll's  theory 
is  based  on  the  assumption  that  the  Glacial  climate  was  produced 
by  a  change  in  the  relation  of  the  earth  to  the  sun.  There  is  no 
evidence  of  this.  Nor  are  natural  chronometers  to  be  found  in  the 
variable  rate  of  valley-erosion,  or  of  the  deposit  of  alluvium,  or  of 
the  retrocession  of  waterfalls.  Nor  do  Sir  W.  Thomson's  varying 
estimates  of  past  time  (ranging  from  twelve  to  three  hundred  mil- 
lions of  years)  help  us.  The  antiquity  of  man  can  only  be  measured 
by  the  changes  which  have  taken  place  in  geography,  in  climate,  and 
in  fauna,  which  have  been  very  great.  The  strata  with  paJsBO- 
lithic  implements  in  Algiers,  Egypt,  Palestine,  and  the  Dekhan  have 
not  as  yet  been  brought  into  relation  with  the  Glacial  period. 

Dr.  Hicks  remarked  that  Prof.  Prestwich,  in  giving  reduced  esti- 
mates of  geological  time,  must  have  been  desirous  of  converting  some 
who  seemed  still  unwilling  to  accept  the  evidence  obtained,  bearing 
on  the  preglacial  age  of  man,  apparently  mainly  because  of  the 
exaggerated  amount  of  time  given  to  the  Glacial  period  by  some 
authors.  The  evidence  as  to  rapidity  of  motion  of  ice  in  Greenland 
tended  to  shorten  the  necessary  duration  of  the  Glacial  period.  He 
invited  Dr.  Evans  and  all  Fellows  to  be  present  at  the  new  ex- 
cavations in  Wales,  which  were  to  be  commenced  on  the  6th  June. 
He  described  the  situation  in  which  the  remains  of  man,  claimed 
to  be  of  Glacial  age  and  probably  Preglacial,  had  been  found,  and 
explained  the  line  of  investigation  about  to  be  adopted. 

Mr.  De  Eaitce  stated  that  he  fully  agreed  with  Dr.  Hicks  in 
his  interpretation  of  the  facts  observed  by  him. 

Mr.  J.  Allen  Broww,  after  thanking  Prof.  Prestwich  and  Dr.  Evans 
for  their  contributions  to  the  discussion  of  this  question,  proceeded 
to  notice  the  results  of  his  own  researches  in  the  Thames  Valley, 
and  especially  in  the  neighbourhood  of  Ealing,  which  indicated,  he 
thought,  that  a  lapse  of  time  incalculably  vast  must  have  been  re- 
quired for  the  production  of  the  observed  phenomena. 

Mr.  TiBDEMAN  said  that  the  evidence  as  to  the  rapidity  of  motion 
of  the  Greenland  ice-sheet  was  most  important.  He  did  not  think 
we  could  safely  take  the  erosion  of  the  limestone  around  the  perched 
Norber  boulders  as  a  measure  of  time  elapsed  since  the  ice-sheet, 
because  much  glacial  rubbish  may  have  been  removed  before  the 
surface  of  the  rock  was  exposed  to  weather.  The  implement  ad- 
duced by  Dr.  Evans  as  proving  that  palseolithic  man  was  postglacial 
in  England  could  not  prove  that  he  was  later  than  in^^rglacial 
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idmes ;  and  of  an  interglacial  land-period  in  England  there  were 
the  dearest  possible  proofs. 

Mr.  ToPLET  referred  to  the  relative  condition  of  land  now  and 
fifteen  hundred  years  ago,  which,  he  thought,  must  be  of  conse- 
quence in  this  discussion.  From  the  remains  of  Eoman  works  we 
might  safely  conclude  that  the  physical  condition  of  the  country  was 
practically  unchanged  since  that  date ;  the  fords  of  the  Roman 
roads  are  often  still  in  use,  and  no  appreciable  amount  of  valley- 
erosion  has  taken  place  in  1500  years.  Under  these  circumstances 
he  thought  that  we  could  not  suppose  such  great  changes  as  we 
know  to  have  occurred  could  have  taken  place  in  only  six  or  eight 
times  that  period. 

The  President  suggested  that  Prof.  Prestwich  was  not  by  any 
means  the  first  person  to  lay  down  fixed  terms  of  years  for  the 
duration  and  date  of  the  Glacial  period  ;  he  found  very  definite  terms 
laid  down  by  other  writers,  and  merely  indicated  reasons  why  these 
should  be  greatly  reduced. 

The  Author  did  not  attempt  to  fix  actual  definite  terms  of  years, 
but  only  to  show  that  we  must  not  unhesitatingly  accept  such  large 
measuresof  time,  especially  when  based,  as  they  were,  upon  an  assumed 
and  unproved  necessity.  He  objected  to  remain  in  that  state  of 
ignorance  with  reference  to  time  which  some  of  the  speakers  seemed 
to  find  quite  satisfactory.  He  referred  to  the  observations  of  the 
Danish  observers  on  the  Greenland  ice,  as  famishing  us  with  certain 
definite  time-results,  the  application  of  which  might  be  expected  to 
help  the  question.  It  was  a  simple  rule-of-three  sum.  If  the 
Alpine  data  were  supposed  to  accord  with  terms  of  80,000  and 
160,000  years,  what  are  the  numbers  which  should  accord  with  the 
Greenland  data  ?  It  is  impossible  to  contend  that  it  would  make 
no  difference,  which  would  be  the  conclusion  implied  by  the  obser- 
yations  of  some  of  the  speakers. 
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30.  A  Revimow  of  the  Echinoidea  from  the  Australian  Tebtiabibs. 
By  Prof.  P.  Martin  Ditncak,  F.R.S.,  F.G.S.,  &c.  (Read 
June  8, 1887.) 

In  a  communication  to  the  Geological  Society  on  the  Echinodermata 
of  the  Australian  Cainozoio  deposits,  which  was  printed  in  the 
Quarterly  Journal  of  the  Society,  1877,  vol.  xxxiii.  p.  42,  a  list  of 
the  species  of  fossil  Echinoidea  which  had  heen  published  up  to  that 
date  was  given,  and  eleven  new  species  were  described.  Since  the 
publication  of  that  communication,  there  has  been  an  important 
addition  made  to  the  Australian  Tertiary  fauna  by  Prof.  R.  Tate, 
E.G.S.*,  who  described  Salenia  tertiaria  from  the  middle  Tertiaries 
of  Aldinga,  south  of  Adelaide.  This  author  also  mentioned  the 
occurrence  of  several  genera  which  had  not  been  considered  to  be 
members  of  the  Australian  Echinoid  fauna,  but  he  did  not  describe 
any  of  their  species.  Observations  have  been  published  upon  the 
very  interesting  Salenia  by  A.  Agassiz  t  and  myself  J.  The  only 
other  communications  on  the  subject  of  the  Echinoidea  have  come 
from  Prof.  M*Coy  §,  who  introduced  three  species  of  Fericosmus  and 
a  Clypeaster  to  the  fauna,  and,  moreover,  made  some  most  valuable 
criticisms  upon  the  work  of  previous  observers.  He  has  had  ex- 
cellent specimens,  the  examination  of  which  has  thrown  much  light 
upon  some  doubtful  species  Ij. 

In  spite  of  the  comparative  paucity  of  species  in  this  fauna,  it  has 
been  very  constantly  before  those  palseontologists  who  have  studied 
the  other  Echinoidean  faunas  of  the  East,  and  who  have  attempted 
to  comprehend  the  affinities  of  the  ancient  faunas  and  that  of  the 
abyssal  oceans.  The  extraordinary  grouping  of  Cretaceous  and 
Tertiary,  as  well  as  of  recent,  types  in  the  Australian  deposits  has 
not  been  forgotten,  although  research  amongst  the  fossil  Echinoidea 
of  other  parts  of  the  world  has  diminished  the  intensity  and  value 
of  this  peculiarity  of  the  Australian  Echinoid  fauna. 

As  it  is  necessary  that  some  of  the  species  of  Echinoidea  should 
be  revised,  I  have  gone  through  the  whole  series,  so  as  to  leave  as 
Httle  opportunity  for  erroneous  conclusions  as  possible.  It  will  be 
found  that  some  alterations  are  made  which  render  the  Cretaceous 
aUiances  of  the  fauna  rather  more  decided  than  hitherto ;  but  they 
will  not  assist  in  the  linking  of  the  deep-sea  Echinoid  fauna  directly 
with  the  Cretaceous  types. 

*  B.  Tate,  Quart.  Joum.  G«ol.  See.  1877,  toI.  rcdii.  p.  256. 

t  A.  Agassiz,  *  Report  Challenger  Echini/  1881,  p.  51. 

X  P.  Martin  Duncan,  Ann.  &  Mag.  Nat.  Hist.  ser.  5,  yol.  ii.  p.  61  (1878). 

I  F.  M'Coy,  Prodr.  Pal.  Vict,  decades  Ti.,  yii.  (1879, 1882). 

II  The  excellent  Catalogue  of  Australian  Fossils  compiled  by  B.  Etheridge, 
Esq.,  jun.,  and  publishol  by  the  Syndics  of  the  Uniyersity  Press  of  Cam- 
bridge in  1878,  records  most  of  the  ^^hinoidea,  and  of  course  all  which  were 
known  to  the  author.    For  the  list  of  Tertiary  Echinoidea,  see  p.  138. 
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1.  Cjdaris  (Leiocidaris)   AUSTRALIA,  Dunc.   Quart.  Joutd.  Geol. 

Soc.  1877,  vol.  zxxiii.  p.  45,  pi.  iii. 

There  is  nothing  to  add  to  the  former  description  of  this  species. 

2.  There  is  another  species  of  Leiocidaris  in  the  fauna,  hut  the  spe- 
cimen in  the  British  Museum,  Blanford  Collection,  from  Baimsd^ale 
("  E.  197 ")» is  defective,  there  heing  only  a  portion  of  an  inter- 
radium  and  amhulacrum.  But  the  structures  enable  this  form  to  he 
•distinguished  specifically  from  Leiocidaris  aiistralice,  nob.  The  am- 
bulacrum is  rather  undulating  and  narrow ;  the  poriferous  zone  is 
very  slightly  sunken ;  the  pores  arc  large ;  the  outer  one  of  a  pair  is  the 
larger  and  elliptical ;  the  inner  or  adoral  is  round ;  they  are  united  by 
a  groove,  and  about  seventeen  pairs  are  in  relation  to  a  large  inter- 
radial  coronal  plate.  Interporiferous  area  with  a  row  of  small,  im- 
perfect secondaries,  with  slightly  raised  scrobicules  and  a  small  boss, 
no  mamelon,  placed  dose  to  the  poriferous  zone,  and  a  series  of 
smaller  secondaries  nearer  the  median  line,  in  a  vertical  row  extend- 
ing along  the  middle  of  the  area,  but  not  reaching  much  actio  ally  or 
far  towards  the  apex.  The  primaries  of  the  interradia  are  laige ; 
the  scrobicules  are  distinct,  nearly  circular ;  and  there  is  a  row  of 
small  secondaries  and  a  few  granules  between  them  and  the  hori- 
zontal sutures  of  the  plates.  The  boss  is  broad  at  the  base  and 
conical,  and  the  mamelon  is  contracted  at  the  neck  and  is  perforated. 
There  is  no  orenulation.  The  margin  of  the  scrobicular  circle  is 
sunken,  and  is  surrounded  by  a  row  of  small  secondaries  made  up  of 
an  elongated  raised  scrobicule,  longest  transversely,  and  a  small  boss ; 
there  are  a  few  smaller  tubercles  placed  beyond  the  circle,  and 
fitting  in  between  the  larger,  so  as  to  complete  the  circle,  and  a  few 
exist  beyond  it.  Two  or  three  rows  of  still  smaller  tubercles  extend 
along  the  plates  beyond  the  circle  towards  the  median  line,  and  the 
median  area  of  the  interradium  is  narrow. 

Numerous  spines  are  in  the  collection,  and  the  large  and  nearly 
smooth  ones  may  be  associated  with  this  genus. 

3.  GoNiociDARis,  sp. 

There  are  several  spines  of  a  species  of  this  genus  present  in  the 
Cape  Otway  deposits. 

4.  Salekia  tertiahia,  Tate,  Quart.  Jouni.Geol.  Soc.  1877,  vol.  xxxiii. 

p.  256. 

This  interesting  species  has  been  examined  by  me  ('  Annals  and 
Magazine  of  Natural  History,'  1878,  ser.  6,  vol.  ii.  p.  61),  and  recon- 
sidered by  A.  Agassiz  (Report  on  the  'Challenger'  Echini,  p.  61, 1881). 
It  is  a  most  interesting  form,  and  large  and  well-grown. 

The  occasional  entry  of  one  of  the  radial  plates  into  the  formation 
of  the  anal  ring  is  not  enough  to  remove  the  si)ecies  from  the  genus, 
for  a  similar  entry  is  also  inconstant  in  the  recent  Salenia  hastigera, 
A.  Agass.  Moreover,  Cotteau,  Peron,  and  Gauthior  have  described 
Algerian  Cretaceous  Salenicr,  which  have  a  radial  plate  entering  the 
anal  ring;  and  Salenia  Blanfordi,  Dune.  «fe  Sladcn,  from  the  Eocene  of 
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^ind,  has  a  similar  character.  There  is  now  no  doubt  that  the  suc- 
cession of  the  species  of  Salenia  has  been  from  the  Cretaceous  age 
through  the  Eocene  and  Miocene  to  the  present  day,  and  that  the 
definitions  of  the  species  indicate  that  the  principal  generic  characters 
prevail  in  all.  But  it  does  not  appear,  from  the  consideration  of  the 
species  of  Mollusca,  or  of  the  other  species  of  Echinoidea  which  are 
found  in  the  same  deposits  as  Salenia  tertiaria,  Tate,  S,  Pellati^ 
Cott.*,  and  S.  Blanfordi,  Bunc.  &  Sladen  t,  that  they  were  dwellers 
in  deep  water.  Certainly  the  same  kind  of  evidence,  when  applied  in 
the  instance  of  the  Cretaceous  forms  of  the  genus,  does  not  show 
that  they  lived  under  the  same  conditions  as  those  species  which 
have  been  dredged  up  from  great  depths.  It  would  be  more  correct 
to  say  that  there  is  no  evidence  to  show  that  the  ancient  species  had 
the  same  bathymetrical  range  as  the  recent  forms.  A.  Agassiz,  in 
his  report  on  tiie  *  Challenger '  ^Aini,  1881,  p.  209,  explains  that  the 
range  of  the  species  as  a  group  is  from  60  to  1850  fathoms,  and  it 
may  be  reasonably  assumed  that  the  Tertiary  species  did  not  exist 
at  the  extreme  depths,  but  that  they  and  the  Mollusca  which  were 
found  associated  with  them  were  dwellers  in  a  less  depth  than  500 
lathoms. 

5.  PsAMMECHiKTJs  WooDSi,  Laubc,  1869,   Sitzungsb.  Akad.  Wiss. 

Wien,  Bd.  lix.  p.  185 ;  E.  Etheridge,  jun,.  Quart.  Joum.  Geol. 
Soc.  1875,  vol.  xxxi.  p.  447. 

The  specimens  of  this  Psammeckinus  in  the  collection  of  the 
Geological  Society  are  fairly  preserved,  except  in  the  apical  system. 
They  are  small  and  tall,  and  certainly  have  triple  compound  plates 
formed  upon  the  true  Echinus  principle;  but  although  Mr. 
Etheridge,  jun.,  has  figured  the  apical  system  of  a  specimen  in  the 
Blanford  collection  now  in  the  British  Museum,  which  is  similar  to 
that  of  a  common  species,  it  will  be  observed  that  the  Australian 
forms  are  somewhat  unusual  and  aberrant. 

6.  Ortholophus  lineattts,  Dune. 

TemnecMnus  lineatus^  Dune.  Quart.  Joum.  Geol.  Soc.  vol.  xxxiii. 
1877,  p.  46. 

This  form  has  given  a  vast  amount  of  trouble  in  its  classification, 
and  it  has  been  necessary  to  define  a  new  genus  for  its  reception. 
When  the  species  was  included  by  me  in  the  genus  TemneJiinus, 
Forbes,  the  morphologj^  of  the  plates  of  that  genus  and  of  Temno- 
pleurus  was  not  known  ;  but  subsequently  a  considerable  number  of 
Echinoidea,  which  had  been  placed  under  Temnoplmms,  Agass.,  by 
d*Archiac  and  Haime,  were  studied  by  Mr.  Percy  Sladen  and 
myself  J.    A  few  years  ago  §  the  morphology  of  the  coronal  plates  of 

♦  Bev.  et  Ma^.  de  Zool.  a^r.  2,  t.  xii.  p.  222  (1860).    Eocene. 

t  Pal.  Ind.  ser.  xiv.  Foss.  Ech.  W.  Sind,  pt.  2,  p.  28  (1882). 

t  Pal.  Ind.  ser.  xiv.  Fobb.  Ech.  Sind,  pt.  2,  p.  36  (1882).  Foea.  Ech.  Each, 
p.  54  (1883). 

{  Joum.  Linn.  Soc.,  Zool.  1882,  xvi.  p.  447 ;  abo  A.  Afiaasiz,  Beport  on 
'Blake' Echini,  1883,  p.  37. 

Q.J.G.S.  No.  171.  2f 
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Temnopleurus  and  of  Temnechinus  was  published,  which  enables  the 
genera  to  be  well  separated.  D'Archiac  and  Haime  *  passed  very 
abruptly  over  the  claims  of  Tem^iechinus,  Forbes,  and  placed  all  the 
beautiful  forms  thej  discovered  amongst  the  Sind  Tertiaries  in  the 
genus  Tem7U>pleuru8,  They  should,  however,  have  been  placed  in 
Temnechinus,  But  associated  with  these  forms  were  others  which 
had  a  raised  oostulate  ornamentation  only,  without  farrowing  of 
sutures  or  the  presence  of  true  and  false  pits.  By  the  light  of  the 
morphological  investigations,  these  species  were  removed  from  Tem^ 
Twpleurus,  Agass.,  and  Temnechinus,  Forbes,  and  associated  with  the 
genera  Dictyopleurtis,  Arachniopleurvs,  Bunc.  &  Sladen,  &c.,  and  it 
is  in  their  neighbourhood  that  the  species  formerly  named  Temne^ 
chinus  UneatiM,  nob.,  must  come.  In  fact  it  is  correct,  from  what 
is  now  known,  to  distinguish  three  alliances  of  genera,  the  Temno- 
pleuroid,  the  Temnechinoid,  and  the  Dictyopleuroid,  and  the  species 
under  consideration  must  come  within  the  latter  group. 

Up  to  the  present  time  no  true  Temnopleurus  or  true  Temnechinus 
has  been  found  in  the  Australian  Tertiaries. 

Laubet  discovered  and  described  an  Echinoid  which,  unfortunately, 
had  no  apical  system ;  but  the  basal  and  radial  plates  had  left  their 
impressions  on  the  test  surrounding  the  poriproct.  The  ornamental 
characters  associate  this  form  with  the  Tertiary  Bictyopleuroids  of 
Sind  and  Each,  but  there  are  more  than  specific  distinctions  between 
Paradoxechinus  novus,  Lanbe,  and  the  costulated  form  called  Temne- 
chinus lineatus. 

It  is,  however,  evident  that  the  apical  system  of  the  form  which 
was  termed  Temnechinus  lineatus,  and  which  it  is  now  proposed 
should  enter  a  new  genus,  Ortholophus,  is  small,  and  not  one  half  of 
the  dimensions  of  that  of  Paradoxechinus,  the  measurement  being 
made  across  the  vacant  spaces  and  as  far  as  any  evidence  of  former 
structure  occurs. 

The  so-called  Temnechinus  had  not  the  elongated  periproct  of  the 
genus  Dictyopleurus  and  of  Paradoxechinus,  and  no  radial  plate 
entered  the  periproct al  ring  as  in  those  genera.  It  is  therefore 
necessary  to  define  a  genus  for  the  species,  which  has  a  small  apical 
system  and  a  remarkable  straight  and  crowded  transverse  costulation 
of  the  test. 

Genus  Oktholophits,  gen.  nov. 

The  test  is  small,  low,  more  or  less  pentagonal  in  marginal  outline, 
subconical  above  the  tumid  ambitus.  Apical  system  (wanting).  Peri- 
proct small  and  circular.  Ambulacra  one  half  of  the  width  of  an  inter- 
radium  at  the  ambitus,  straight,  with  slightly  sunken  poriferous 
zones ;  pairs  in  iU-defined  triplets  nearly  in  straight  series,  appear- 
ing on  the  edges  of  transverse  costae.  Compound  plates  with  a  central 
demiplate,  the  others  primaries.  A  vertical  row  of  small  imperforate 
non-crenuiate  primary  tubercles  is  close  to  the  poriferous  zone,  and 

^  Anim.  Foss.  de  Tlnde,  p.  202. 

t  Laube,  Sitzungsb.  Alud.  Wias.  Wien,  Sd.  lix.  p.  186,  fig.  2  (1869). 
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the  median  area  is  crowded  with  nearly  straight  ridge-like  costse, 
passing  from  the  bases  of  the  primaries  almost  transversely,  and 
carrying  small  secondaries.  Interradia  with  two  vertical  rows  of 
primaries  of  the  same  size  and  stmcture  as  those  of  the  ambulacra, 
their  scrobicules  raised  and  united  with  those  above  and  below  by 
vertical  straight  costa,  and  with  those  of  the  opposite  row  by 
numerous  crowded,  transverse,  straight  cost®,  with  small  secondaries 
on  them.     Peristome  small,  almost  without  cuts. 

Obtholophus  LiNEATrs,  DuDC.  (See  the  description  of  the  species 
under  the  generic  head  of  Temnechinus,  Quart.  Joum.  Geol. 
Soc.  vol.  xxidii.  p.  46.) 

The  dimensions  of  the  specimen  are :  height  8  millim.,  diameter 
14  millim.,  width  of  apical  system  4  millim. 

The  alliance  of  this  form  is  closest  to  the  recent  TrigonoctdariSy 
A.  Ag.,  and  it  is  the  representative  of  the  DictyopUuri  of  the 
Tertiaries  of  Sind,  Each,  and  Egypt. 

7.  PARADOXECHnnrs  novtjs,  Laube  *. 

The  impressions  left  by  the  basal  and  radial  plates  upon  the  test 
dose  to  the  anal  margin  indicate  that  the  last'-named  plates  were 
placed  between  the  others,  and  that  they  all  entered  the  anal  ring  ; 
the  anal  opening  was  large,  and  the  apical  system  appears  to  be  de- 
pressed according  to  Laube's  evidently  correct  drawing  of  the  species. 
The  height  of  the  test  is  6*5  millim.,  the  diameter  13  millim.,  and 
the  diameter  of  the  anal  opening  7  milHm.,  whilst  that  of  the 
peristome  is  only  4  millim.  The  pairs  of  pores  are  on  the  plates  of 
the  t«st,  and  not  upon  costsB,  and  the  oblique  direction  of  the  zigzag 
of  bunches  of  costaD  is  very  striking ;  the  primary  tubercles  are 
neither  crenulate  nor  perforate.  The  branchial  cuts  are  very  small. 
This  is  a  well-defined  genus  and  species,  and  if  the  statement  about 
the  apical  system  just  made  turns  out  to  be  absolutely  correct,  then 
the  alliance  is  with  the  Eocene  DictyopUuri  of  Sind  and  of  Egypt. 
Cotteau  has  defined  a  genus,  Coptechimis  ("£ch.  nouv.  ou  pen 
connus,"  Extr.  du  Bull,  de  la  Soc.  Zool.  de  France,  1884,  fasc.  2, 
p.  27),  and  the  species  is  from  the  Miocene  of  Prance ;  but  the  fo  m 
so  well  described  is  clearly  a  species  of  Paradoxechinus,  that  genus 
having  escaped  the  observation  of  the  distinguished  Prench  Echino- 
dormatist.  It  is  very  interesting  to  be  able  to  trace  this  westerly 
development  of  an  Australian  genus.  Paradoxechinus  novus  was 
found  in  the  deposits  of  the  Murray  Clifis,  South  Australia. 

8.  CtTPEASTEB  POLiiTM,  Agass.  Cat.  rais.  p.  73;   Desor,  Synopsis^ 

p.  243.  . 

A  variety,  var.  elongata. 

So  long  ago  as  1864  I  asserted  the  presence  of  Clypeaster  folium  ^ 
Agassiz,  in  the  Murray  Cli£fs  and  at  Mount  Gambler,  South  Australia 
(Ann.  &  Mag.  Nat.  Hist.  1864,  vol.  xiv.  p.  166).  But  Mr.  R. 
Etheridge,  jun.,  in  his  communication  to  this  Society  in  1875, 

*  Tom,  cU,  p.  186,  fig.  2. 
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remarked  that  he  had  compared  the  specimens  identified  with  Cly- 
peaster  folinm  with  Monostychia  australis^  Lauhe,  and  that  he  found 
them  one  and  the  same.  In  1877  I  accepted  Mr.  R.  Etheridge's 
correction  with  a  necessary  explanation  (Quart.  Joum.  Geol.  Soc. 
vol.  xxxiii.  p.  48).  But  there  is  at  least  one  excellent  specimen  of  a 
Cljfpeaster  in  the  National  Collection  (Blanford  Coll.,  Geelong, 
Victoria  E.  1,108,  marked  X),  and  it  has  the  specific  characters  of 
Clypeaster folium,  AgajBS.  The  specimen  was  compared  with  a  small 
Clypeaster  folium  from  the  Miocene  of  Corsica,  in  the  British 
Museum,  and  with  a  full-grown  type  from  Malta,  also  in  the 
National  Collection ;  careful  measurements  were  taken,  and  with  the 
following  results : — 

The  relational  measurements  of  a  small  Clypeaster  folium  from 
Corsica  (length  47  millim. ;  47=100):  length  100,  width  95-7, 
height  17.  The  measurements  of  the  large  type  from  Malta,  the 
length  being  93  millim:  length  100,  width  86,  height  18-4. 
The  measurements  of  the  middle-sized  specimen  from  Geelong 
(length  66  millim) :  length  100,  width  84-8,  height  17-4.  The 
comparison  of  these  measurements  with  those  taken  by  M'Coy  of 
Clypeaster  gippslandicus  shows  that  the  height  of  that  form  is 
much  greater  than  that  of  Clypeaster  folium^  being  27  in  relation 
to  100.  In  the  form  which  I  consider  te  be  a  mere  variety  of 
Clypeaster  folium,  Agass.,  the  petaliferous  part  of  the  ambulacra  is 
very  slightly  raised  and  the  flatness  of  the  test  is  very  marked- 
But  there  are  the  same  characters,  regarding  shape  and  relative  size, 
in  the  petals  of  the  three  specimens  measured.  In  a  typical 
Clypeaster  folium  the  anterior  petal  is  the  longest,  and  its  breadth 
is  the  same  as  that  of  one  of  the  antero-lateral  petels,  which  is, 
however,  shorter;  the  postero-lateral  petals  are  the  shortest  and 
widest.  The  measurements  in  the  Australian  type  are : — anterior 
ambulacral  petal  18  millim.  long  and  12  millim  wide ;  antero- 
lateral petals  16  millim.  long  and  12  millim.  wide;  postero- 
lateral petals  11  millim.  long  and  13*5  millim.  wide.  The  anterior 
petal  is  widely  open,  and  the  postero-lateral  are  less  so,  but  are 
large  distally,  and  the  antero-lateral  petals  are  nipped  in  near 
the  end  where  the  pores  of  the  opposite  zones  approach  to  a  con- 
siderable extent.  This  narrowing  of  the  distal  ends  is  very  striking 
and  persists  in  all  the  specimens. 

The  shape  of  the  test  of  the  Geelong  form  is  rather  longer  than  is 
usual  in  European  specimens,  and  there  is  perhaps  a  little  more 
rounding  of  the  thin  posterior  margin  of  the  test.  The  shape 
differs  materially  from  that  of  Clypeaster  gippshndicus,  M<Coy, 
and  the  ornamentation  of  the  costaB  of  the  poriferous  zones  and  of 
the  test  between  the  tubercles  is  also  different  in  the  two  forms. 

If  the  Geelong  Clypeaster  had  been  found  in  Malta,  it  would  have 
been  put  down  at  once  as  a  variety  of  Clypeaster  folium,  and  I 
therefore  give  it  that  name. 

9.  Clypeaster  gippslandicus,  M'Coy,  1879  *. 
EcMnanthus  fssiudivfiirius,  Gray. 

Prof.  M'Coy  considers  that  JEchinanthus  testudinanus.  Gray,  whicli 
*  Piodr.  Pal.  Vict  dec.  vi.  1879,  p.  38. 
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was  stated  to  be  a  fossil  in  the  Mitchell-river  Tertiaries  by  Mr. 
Tenison- Woods  and  myself,  is  a  species  of  Clypeaster,  The  classifi- 
catory  position  of  the  form  I  examined  was  a  subject  of  doubt,  as 
will  be  gleaned  from  the  following  extract : — "  Except  in  some  slight 
points  in  which  there  is  great  individual  variation  in  the  recent 
fonns,  the  fossil  agrees  with  those  which  Gray  called  E,  testtidinarius 
and  E.  atistralice,  the  latter  of  which  has  been   absorbed  by  the 

former The  species  is  interesting  from  its  close  resemblance  to 

a  Clypeaster ;  but  it  has  no  pores  close  to  the  sutures  of  the  plates 
within  the  ambulacra  on  the  actinal  surface  "  *. 

M'Coy  has  shown  that  the  internal  structure  of  the  test  is  that  of  a 
Clypeaater^  according  to  A.  Agassiz,  and  he  has  investigated  the 
subject  of  the  ambulacral  pores  and  finds  that  they  are  variable ; 
but  probably  that  is  produced  by  fossilization. 

Prof.  M^Goy  considers  that  the  morphological  distinction  between 
Clypeaster  and  Echinanihus,  according  to  A.  Agassiz,  is  barely  suffi- 
cient to  separate  the  genera ;  and  it  must  be  remembered  that,  with 
the  exception  of  the  greater  concavity  of  the  actinal  surface  in 
Echinanihus^  the  other  structural  differences  are  internal.  The 
specimen  examined  by  Mr.  Tenison  Woods  was  not  studied  by  me, 
and  Prof.  M^Goy  has  not  had  the  advantage  of  examining  the  very 
large  form  which  was  noticed  in  my  former  communication,  and 
which  is  in  the  collection  of  this  Society.  It  is  exceedingly  Echi- 
nanthine  in  its  general  appearance,  but  the  test  is  flat  actinally  for 
some  distance  towards  the  deeply  sunken  peristome.  The  relative 
measurements  of  Clypeaster  gippslandicus,  M'Coy,  are: — ^length 
90  millim.=  100,  width  88,  height  27.  Those  of  the  large  form 
now  under  consideration  are : — length  105  millim.=100,  width  85*7, 
height  31.  The  suspicion  that  the  two  forms  are  not  specifically 
identical  is  somewhat  aroused  by  the  relative  increase  in  length  of 
the  larger  form,  and  is  intensified  by  the  petals  of  the  larger  form 
being  much  broader  than  those  of  the  other ;  moreover,  the  postero- 
lateral petals  of  the  Gippsland  species  are  longer  than  those  of  the 
larger  form.  If  the  drawing  of  the  terminations  of  the  petals  given 
by  Prof.  M*Coy  is  correct,  there  is  almost,  if  not  quite,  a  specific 
difference  between  the  forms,  for  the  antero-lateral  petals  are  tend- 
ing to  close,  and  are  rather  narrow  externally,  in  the  form  which 
eame  under  my  observation.  In  fact  there  is  a  facies  about  the 
petaloid  part  of  the  test  which  recalls  Clypeaater  folium.  Subject 
to  this  expression  of  doubt,  I  agree  with  M*Coy  in  considering  the 
form  to  belong  to  his  Clypeaster  gippslandicus. 

In  my  former  communication  (p.  66)  I  expressed  my  belief  in  the 
identity  of  Monostychia,  Laube,  and  ArcuJinoides^  Klein,  mainly 
owing  to  the  furrowing  of  the  ambulacra ;  and  the  drawing  and 
description  given  by  Laube  of  the  internal  supporting  structures  of  tbe 
test  (Laube,  "  Fossil  Echinoidea  from  the  Murray  Cliffs,"  Sitzungsb. 
Akad.  Wiss.  Wien,  vol.  lix.  Bd.  i.  1869,  p.  188,  fig.  3  c).  At 
that  time  the  reasons  for  separating  the  genus  Monostychia  from 
Arachnoidea  were  the  not  invariable  supramarginal  position  of  the 

*  Quart  Joum.  Geol.  See.  vol.  xxxiii.  (1877)  p.  47. 
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periproct  in  Arack^ioidesy  and  the  variable  notching  of  the  test- 
margin  in  Morwstychia,  It  was  evident  that  the  position  of  the 
periproct  was  variable  in  Araehnaides,  and  that  it  was  found  quite 
marginal,  as  well  as  infrauLarginal,  in  Monostychia.  M^Coy  figured 
the  internal  supporting  Btructures  oi  Monostyehia  in  his  *  Prodromus/ 
and  it  agrees  generally  with  the  drawing  by  Laube,  and  there  are 
no  structures  to  be  seen  near  the  margin  of  the  test.  He  considers 
Monostychia  a  good  genus  and  retains  it.  Having  had  the  oppor- 
tunity of  examining  very  much  better  specimens  than  those  which 
I  studied  formerly,  and  having  seen  a  fortunate  fracture  of  a  speci- 
men of  Monostychia  austrdlis,  Laube,  I  still  find  myself  in  the 
difficulty  of  not  being  able  to  agree  with  my  fellow-workers.  My 
reading  of  the  nature  of  the  internal  part  of  the  test  does  not  agree 
at  all  with  that  of  my  predecessors.  But  it  is  necessary  that  I  shoidd 
state  that,  had  I  seen  the  specimen  I  now  allude  to,  I  should  not 
have  placed  the  specimens  in  relation  with  Arachnoides,  The  new 
specimens  have  enabled  me  to  make  out  the  distribution  of  the  pores 
beyond  the  petaloid  parts  of  the  ambulacra,  and  to  describe  the 
nature  of  the  plating  of  the  actinal  surface,  and  the  nature  of  the 
plates  which  enter  the  peristomial  margin.  It  now  appears  to  me 
that  the  alliance  is  with  Olypeaster,  a  notion  which,  so  far  as  I  am 
concerned,  dates  back  to  1864. 

In  the  figures  published  both  by  Laube  and  by  Prof.  M*Coy  no 
internal  supporting  structures  are  seen  near  the  edge  of  the  test. 
This  is  unlike  the  structures  of  all  Glypeasters ;  but  on  examining 
the  worn  edges  of  several  of  the  tests  in  the  National  Ck)llection,  the 
presence  of  upright  and  small  needle-shaped  pillars  became  evident, 
and  this  Clypeastroid  character  became  still  more  pronounced  on 
studying  one  of  the  specimens  which  had  been  fractured  across.  In 
the  best-preserved  specimen  the  appearance  of  the  structures  which 
occur  between  the  upper  and  the  actinal  parts  of  the  test  within  is 
almost  exactly  identical  with  that  presented  by  Clypeaster  sub- 
depressus,  Gray,  sp.  The  needle-shaped  pillars  with  different 
diameters  are  the  same  in  structure  as  those  represented  in  A. 
Agassiz's  *  Eevision  of  the  Echini,'  1874,  pi.  xiii.  fig.  15.  The  flatness 
of  the  test  is  quite  equalled  in  small  specimens  of  Clypeaster  folium 
from  Corsica ;  and  there  is  no  appreciable  difference  in  this  respect 
between  a  rather  elongated  specimen  of  the  Clypeaster  and  the 
young  specimens  of  Monostychia  in  the  collection  of  the  Society. 
In  both  genera  the  ambulacra  are  grooved  radially  on  the  actinal 
surface,  but  in  the  Australian  forms  the  groove  is  continued  defi- 
nitely over  the  margin,  and  reaches  up  close  to  the  actinal  system  ; 
moreover,  the  edge  of  the  test  is  notched  at  the  ambulacral  margins 
at  the  place  where  the  grooves  are  seen.  The  groove  is  not  a  simple 
depression  of  the  test  along  the  median  line  of  the  ambulacrum,  for 
close  to  the  peristome  there  is  a  slight  median  ridge,  which  is  also 
seen  on  the  little  projection  which  each  groove  makes  into  the 
peristome  and  beyond  the  rest  of  its  plates.  In  one  specimen,  pores 
are  seen  on  either  side  of  the  ridge,  and  connected  with  it  by  indis- 
tinct grooves.    Beyond  the  pores,  and  just  within  the  interradial 
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sutural  edge  of  the  ambulacral  plate,  is  a  row  of  close  and  small 
granules.  The  peristomial  termination  of  each  groove  is  in  two 
terminal  ambulacral  plates,  which  are  narrow,  and  each  pair  of 
ambulacral  plates  is  separated  from  its  neighbours,  on  either  side,  by 
a  single  peristomial  interradial  plate.  The  second  ambulacral  pair  of 
plates  are  larger  than  the  peristomial,  and  are  sutured  along  the 
median  line  of  the  interradia  with  the  neighbouring  pair  of  ambu- 
lacral plates,  there  being  no  interradial  plate  intervening.  This 
discontinuity  is  as  in  Cli/peaster,  The  second  plates  are  marked 
with  obliquely  arranged  granules,  and  are  pierced  by  numerous 
small  pores,  so  that  two  triangular  areas  are  thus  marked,  the  base 
of  each  being  in  contact  along  the  median  line  of  the  ambulacrum, 
one  side  being  along  the  aboral  suture  of  the  plate,  and  the  third 
side  being  along  a  line  drawn  from  the  peristomial  end  of  the  median 
suture  of  the  plate  across  to  the  aboral  and  interradial  angle  of  the 
plate.  A  corresponding  ornamentation  occurs  on  the  next  and  some 
other  pairs  of  plates,  and  is  comparable  with  the  peculiar  appearance 
shown  by  A.  Agassiz  in  his  drawing  of  the  actinal  surface  of  Clype- 
(tsUr  Mavenellii^  A.  Ag.  ("  Echini  of  the  Blake  Exped.,"  Mem.  Mus. 
Comp.  ZooL  Harvard,  vol.  x.  No.  1,  1883,  pis.  xv.  6,  xv.  c). 

There  are  very  few  pores  to  be  seen  in  the  groove  abactinally, 
and  the  ambulacral  plates  beyond  the  petaliferous  part  are  crowded 
with  minute  pores  dose  to  the  groove,  but  not  far  from  it 

The  position  of  the  periproct  is  inframarginal  and  rarely  at  the 
margin,  and  there  is  slight  swelling  of  the  test  (not  so  much  as  in 
Laube's  figure)  actinally  and  abactinally  along  the  path  of  the 
intestine  in  relation  to  the  posterior  interradium. 

The  jaws  are  not  seen  in  any  of  the  specimens,  but  it  appears 
that  the  low  perignathic  ridge-process  is  placed,  as  in  Clypea^er, 
upon  the  edges  of  the  peristomial  ambulacral  plates. 

The  coronal  plates,  actinally,  are  well  marked  near  the  margin  of 
the  test,  and  the  petaloid  parts  of  the  ambulacra  resemble  those  of 
Clypeaster;  but  the  interradia  are  greatly  diminished  in  breadth 
near  the  apical  system. 

The  apical  system  is  small  and  the  madreporite  is  central  and 
button-shaped,  the  four  genital  pores  being  immediately  external 
to  it.     There  is  no  posterior  genital  opening. 

Two  young  specimens  show  that  the  notching  of  the  margin  and 
the  distinctness  of  the  abactinal  grooves  are  matters  of  growth ;  and 
it  is  quite  pardonable  for  any  naturalist  who  is  aware  of  the  great 
diversity  of  shape  assumed  by  Clypeastroids  in  their  youth  to  place 
the  young  forms  out  of  the  genus  or  subgenus  Monostychia,  It  is 
evident  that  while  there  are  some  structural  resemblances  to 
Arachnoides  in  the  actinal  part  of  the  test,  the  principal  structural 
characters  of  physiological  importance  are  all  Olypeastroid. 

There  are  not  sufficient  data  to  separate  the  species  from  the 
very  flat  Clypeasters,  and  I  propose  to  retain  Monostychia  as  a  sub- 
^nuB  of  OlypeasUr, 
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10.  Oltpeastbb  (M0NO6TTCHIA)  ATTSTBAL18,  Laubc,  op.  cU.  p.  190. 

Arachnoides  australis,  Dune.  op.  cit,  p.  48. 

Arachnoides  australis,  var.  ehngattis,  Dudo.  op,  cit,  p.  48. 

Clypeaster  {Monostychia)  Loveni^  Dime. 

11.  Clyp£A8teb  (MoifOSTTCHiA)  LovBNi,  Dunc.  op,  cit,  p.  47. 

It  is  proposed  to  omit  Echinarachnius  parma  from  the  list,  and  it 
is  necessary  to  observe  that  fragments  of  a  species  of  Fibularia  and 
of  an  allied  genus  are  in  the  coUection  at  the  British  Museum. 

12.  ECHINOBRTBSUS  ATJSTBALLB,  DuUC.  * 

There  is  nothing  to  add  to  the  description  of  this  species,  which 
is  closely  allied  to  the  recent  species  of  the  subgenus  Nucleolites, 
The  anal  groove  is  long  and  pronounced  in  the  Australian  species, 
and,  moreover,  some  of  the  pairs  of  pores  are  conjugate  and  others 
non-conjugate. 

13.  CATOPrGTTs  ELEOAirs,  Laube  f. 

It  will  be  interesting  to  know  whether  this  species  differs  from 
the  Cretaceous  species  in  the  same  manner  as  the  recent  Catopygus 
recens  does.  This  last-mentioned  species  has  but  a  single  row  of 
pores,  reaching  from  the  petaloid  part  of  the  ambulacra  to  the 
peristome,  and  not  a  row  of  pairs  of  pores  on  either  side  of  the 
ambulacra.  The  position  of  the  periproct  is  not  that  of  the  Cre- 
taceous forms.  Bee  A.  Agassiz,  *  Report  on  Challenger  Echini/ 
p.  123.  I  believe  that  the  Tertiary  and  recent  Catopygi  should  be 
placed  in  a  subgenus. 

14.  Pygorhthchtjs  Yassau,  Wright  J. 

15.  ECHINOLAKPAS  OYULTTX,  Laubo  §. 

This  species  was  very  shortly  described  by  Laube  and  not  figured. 
The  measurements  of  the  test  were  not  given.  The  pentagonal,  ovoid, 
and  somewhat  rostrated  high  form  and  the  very  broad  ambulacra 
distinguish  the  species  from  all  others.  A  specimen  in  the  British 
Museum,  Blanford  collection,  is  57  miUim.  long,  49  millim.  broad,  and 
33  millim.  high.  There  is  but  slight  difference  between  the  lengths 
of  the  poriferous  zones  and  the  antero-lateral  ambulacrum,  20 
millim.  long  and  8  millim.  broad,  the  posterior  one  23  millim. 
long  and  95  millim,  broad. 

16.  HOLASTER    ATJSTKALLS,    DuUC.    Op.    cit,   p.    51,    pi.    lii.   figS.    12 

and  13. 
There  is  no  alteration  required  in  the  description  of  this  species 

*  Duno.  Quart.  Joum.  Qeol,  Soc«  vol.  xxxiii.  p.  60. 
t  Laube,  op.  cit.  p.  190,  fig.  7. 

Dunc.  op.  cit.  p.  51. 

Laube,  op,  cii.^,  191. 
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except  in  the  matter  of  ornamentation.  The  ornamentation  is  of 
small  tubercles,  crenulated  and  perforated  and  surrounded  by  a  plain 
Bcrobicular  area  flush  with  the  test ;  the  scrobicules  are  separated 
by  a  very  delicate  granulation.  This  ornamentation  is  largest 
actinally  and  resembles  that  of  H,  axihorhicvlaris,  Agass.  The 
shape  of  the  test  resembles  that  of  H,  Perisi,  Sismonda,  and  the 
very  shallow  anterior  groove  is  smaller  than  that  of  ff.  suhglohosus. 
The  figure  of  the  apical  disk  is  in  part  incorrect,  and  the  woodcut 


Apical  System  of  Holaster  australiSB,  Duncan. 


now  given  should  supersede  it.  This  is  a  true  Eolaster^  and  so  is 
the  species  which  I  wrongly  attributed  to  an  abnormal  form  of  Bhyn- 
ehopygus^E.  dyaasteroides,  Dune. 

17.   HOLASTEB  DIFPICIMS,  DuUC. 

Rhynchopygus  dysasteroides,  Dune.  op.  cit,  p.249,  pi.  iii.  figs. 
9  and  10. 

The  specimen  has  been  crushed  from  above  downwards,  but  there 
is  no  doubt  in  my  mind  now  that  the  apical  system  is  Holasteroid 
and  not  Dysasteroid.  The  ornamentation  is  Holasteroid.  Other- 
wise the  descriptive  part  of  the  notice  of  this  species  given  in  the 
communication  now  under  revision  is  correct,  but  all  the  references 
to  the  affinities  on  p.  50  are  erroneous.  Both  of  the  Holasters  came 
from  the  Upper  Coralline  beds,  Castle  Cove,  Cape  Otway. 

18.^  MiCKASTEK  BEEVisTEiLA,  Laubc,  op.  cit.  p.  192,  fig.  7,  uou  8 ; 
and  R.  Etheridge,  jun..  Quart.  Joum.  Geol.  Soo.  vol.  xxxi. 
p.  448,  figs.  xi.  &  xii. 

This  species  has  been  fully  elaborated    by  the    above-named 
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authors,  and  it  is  especially  mentioned  here  in  order  to  bring  it  into 
relation  with  a  Micraster  from  the  Indian  Nummulitic  deposits. 

The  height  and  general  tumidity  of  the  test  and  the  short  ambu- 
lacra separate  the  Australian  form  from  all  the  Cretaceous  species 
of  the  well-known  genus ;  but  in  these  details  there  is  an  erident 
alliance  with  Micraster  tumidus,  Dune.  &  Sladen,  from  the  Khirthar 
or  true  Nummulitic  limestone  of  Western  Sind  (Pal.  Ind.  ser.  xiv. 
pi.  iii.  p.  189,  1884).  This  species,  from  older  Tertiaries  than  those 
of  Australia,  has  slightly  longer  and  wider  ambulacra  than  the 
other,  and  in  both  the  evidences  of  a  subanal  fascicle  are  not 
satisfactory.  The  posterior  groove  leading  from  the  margin  to  the 
periproct  is  more  decided  in  the  Australian  form,  and  the  whole  of 
the  posterior  surface  is  wider  in  the  Australian  form  than  in  the 
Indian.  The  British  Museum  specimen  is  50  millim.  high,  62  miUim. 
long,  51  millim.  broad,  and  it  has  traces  of  a  subanal  fascicle  (not  a 
lateral  one,  as  stated  in  the  former  paper). 

19.  Majibtia  akomala,  Dune,  op,  cit,  p.  52,  pi.  iv.  figs.  1-4. 

The  abnormality  in  this  species  is  the  presence  of  a  more  or  less 
discontinuous  fascicle  just  above  the  ambitus.  Since  the  description 
of  the  species,  A.  Agassiz  has  found  a  corresponding  fascicle  in  a 
recent  species. 

20.  Meoalasteb  compbessus.  Dune.  op.  cit.  p.  62. 

The  species  is  retained  provisionally,  for  the  ornamentation  has 
almost  all  disappeared  and  the  possibility  of  its  turning  out  to  be 
a  Pericosmwt  is  considerable,  as  will  be  understood  after  reading 
M*Coy's  observations  on  that  genus.  But  it  must  be  admitted  that 
the  specimen  in  the  British  Museum  does  not  show  the  least  trace 
of  fascicles,  and  that  there  are  clear  specific  distinctions  between 
it  and  any  species  of  Fericosmus,  leaving  out  the  consideration 
of  the  fascicles.  The  length  of  the  specimen  (E  296,  B.M.)  is 
5  inches,  the  width  4*75  inches,  height  2-1  inches.  The  apical 
system  is  more  or  less  deficient,  but  the  radial  plates  are  small, 
obscurely  quadrangular  and  longer  than  wide ;  the  tentacular  pore 
is  very  large,  the  poriferous  plates  of  the  ambulacra,  near  the  radial 
plates,  are  small  and  perforated  by  pairs  of  minute  foramina ;  and  in 
the  posterior  lateral  ambulacra,  at  about  the  sixth  plate,  the  plates 
dip  down  into  the  ambulacral  groove.  At  a  little  distance  from  the 
small  plates  the  others  become  large,  low  and  broad,  and  the  inner 
pore  is  large  and  slightly  elongate,  although,  on  the  whole,  circular 
in  outline,  and  the  outer  pore  is  very  long  and  most  open  externally. 
There  is  no  groove  between  the  pores  of  a  pair,  and  the  pairs  are 
separated  by  very  distinct  and  ornamented  costae.  The  anterior 
ambulacral  pores  are  all  small  and  circular  and  become  very  distant 
halfway  down  the  very  deep  and  broad  groove.  The  postbro- 
lateral  petals  are  slightly  wavy,  long,  narrow,  and  deep  ;  they  are  in 
a  narrow  depression  of  the  test,  so  that  the  poriferous  zone  does  not 
€ome  up  to  ^e  level  of  the  test,  but  is  on  the  fiank  of  the  depression* 
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The  length  of  these  petals  is  31  millim.,  width  in  the  middle 
6  millim.,  extreme  depth  of  the  depression  6  millim.  There  are 
forty  pairs  of  pores,  and  the  interporiferous  area  is  very  equal  in 
width  throughout,  except  near  the  radial  plate,  and  is  slightly 
narrower  than  the  poriferous  zone.  The  antero-lateral  petals  are 
longer  than  the  others  (33  millim.),  their  width  is  6*5  millim., 
and  they  are  shallower,  4  millim.  The  highest  part  of  the  test  is 
in  interradia  1  and  4,  and  near  the  apex,  which  is  excentric  in 
front.  The  slope  is  sudden  from  the  apex  in  front,  and  gradual 
behind  for  a  short  distance,  and  then  there  is  some  tumidity  of  the 
posterior  interradium.  There  is  no  keel  there,  and  the  interradium 
is  rather  narrow  on  account  of  the  angle  made  by  the  ambulacra 
being  60  degrees. 

The  anterior  petals  divei^e  at  an  angle  of  120  degrees.  The 
posterior  truncation  is  low  and  broad,  and  the  periproct  is  close  to 
the  upper  edge  of  it  and  is  elliptical  transversely.  Width  of  the 
truncation  60  millim.,  height  35  millim ;  height  of  the  periproct 
11'5  millim.,  width  21  millim.  There  is  a  slight  re-entering 
curve  quite  at  the  posterior  actinal  edge.  The  actinal  surface  is 
very  flat,  and  the  large,  wide,  very  anteriorly  placed  mouth  has  a 
downward  projecting  labium  22  mUlim.  broad. 

The  ornamentation  is  largest  on  the  flanks  of  the  anterior  groove, 
and  consists  of  small  perforate  mamelons  on  conical  bosses,  crenu- 
lated  and  placed  on  a  level,  large,  plain  scrobicule,  with  miliary 
granules  on  the  edges.  Elsewhere  the  tubercles  are  smaller,  and 
there  is  a  small  granulation  between  their  more  distant  scrobicules. 

Locality^  Murray  Cliffs.  This  specimen  is  slightly  larger  than 
that  which  was  figured  in  the  former  communication  and  which, 
unfortunately,  has  been  mislaid. 

21.  Pebioosmtjs  gioas,  M'Coy,  Prodr.  Pal.  Yict.  dec.  vii.  1882,  pis.  64 
&  65,  p.  15. 

This  huge  species  attains  the  length  of  7  inches  6  lines  and  is 
nearly  as  broad,  the  height,  however,  being  only  about  one  half  of 
the  length.  The  specimens  described  by  M*Coy  are  wonderful,  and 
the  minute  ornamentation,  the  peripetalous  fascicle  clinging  to  the 
petals  and  reaching  along  the  anterior  one  to  behind  the  deep  notch, 
and  the  lateral  fascicle  are  very  characteristic  of  the  genus.  The 
lateral  fascicle  is,  however,  more  or  less  discontinuous  in  the  species. 

22.  Pericosmtjs  Nelsoni,  M'Coy,  op.  cit.  pis.  66  &  67. 
This  is  another  well-marked  species. 

23.  Pebicosmus  compresstjs,  M*Coy,  op.  cit.  pis.  67  &  68,  p.  21. 

This  is  a  large  and  compressed  species,  and  has  a  very  close  resem- 
blance in  shape  to  Megalaster  conipressus,  nob.  (Quart.  Joum.  Geol. 
Soc.  1877,  vol.  xxxiii.  p.  62).  Supposing  Megal^ter  compressus  to  be 
a  well-scrubbed  fossil,  from  off  which  all  traces  of  fascicles  have  been 
worn,  may  it  not  be  a  Fericosmus^  and  is  it  not  a  worn  Fericoamus 
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compressus  ?  M'Coy  considers  that  these  questions  may  be  answered 
possibly  in  the  affirmative ;  but,  after  a  careful  examination  of  the 
specimen,  I  could  find  no  fascioles. 

24.  LoTENiA  FoBBEsi,  Woods  &  Duncan. 

A  passage  in  McCoy's  ^  Prodromus '  places  palsBontologists  in  a 
considerable  difficulty  regarding  the  correct  authorship  of  thi& 
species.  Is  it  to  have  the  names  placed  after  it  as  above,  or  ought 
the  name  of  Prof.  M'Coy  to  stand  in  their  place?  It  does  not 
matter  mnch  to  whom  the  naming  of  the  species  should  be 
accredited,  now  that  the  whole  of  the  morphology  of  the  test  has 
been  published.  But,  divesting  this  subject  of  all  personal  feeling 
(and  I  am  glad  to  say  none  has  ever  been  felt  by  Prof.  M'Coy  and 
myself),  the  question  turns  upon  the  old  settlement  of  former 
disputes.  Are  MS.  names  of  species  to  take  priority  ?  It  has  been 
decided  over  and  over  again  that  M8.  names  do  not  take  priority  of 
those  which  have  been  accompanied  by  comprehensible  and  pub- 
lished specific  definitions.  This  interesting  form  has  quite  a 
literature  of  its  own,  as  may  be  noticed  by  reading  Mr.  R.  Etheridge, 
jun.'s,  elaborate  communication  to  the  Society  (Quart.  Joum.  Geol. 
Soc.  vol.  xxxi.  p.  445),  and  by  referring  to  the  essay  of  which  this  is 
a  revision.  Since  those  pages  were  written.  Prof.  M'Coy  has  given 
a  still  more  elaborate  history  of  the  species. 

The  first  discoverer  of  the  Echinoid  was  Sturt,  the  traveller,  who 
named  a  common  Urchin,  in  1832,  Spatavhgua  ffoffhianni,  Goldf. 
The  identification  was  erroneous. 

In  1852  Forbes  gave  some  lectures  at  the  Museum  of  Practical 
Geology,  London,  on  Gold,  &c.,  and  they  were  published.  The 
Echinoid  was  mentioned  by  him  as  a  SpatangtLs^  without  a 
specific  name,  and  an  imperfect  figure  was  given  of  it.  In  1859 
M'Coy  named  the  specimens  in  the  Melbourne  Museum,  and  wrote 
Spatangus  Forhesi  on  the  tablets.  He  did  not  write  or  publish  any 
description  of  the  species.  In  1862  Mr.  Tenison  Woods  published 
a  drawing  of  the  Echinoid  in  his  '  Geological  Observations  in  South 
Australia,'  and  called  it  Spatangvjs  Forhesi.  In  1864 1  could  not  find 
any  description  of  the  species,  and  showed  that  it  was  a  Hemipatagus, 
from  the  nature  of  the  specimens  sent  to  me  by  Mr.  T.  Woods.  I 
described  this  species,  naming  it  Bemipatagns  Forhesi^  W^oods  & 
Duncan,  and  had  the  type  drawn  ('  Annals  and  Magazine  of 
Natural  History,'  ser.  3,  vol.  xiv.  p.  165,  pi.  6).  In  1869, 
Laube  named  the  species  H.  Forbesi^  and  placed  Mr.  T.  Woods's 
name  after  it.  He  had  not  seen  my  communication^  I  presume. 
In  1875  Mr.  R.  Etheridge,  jun.,  advanced  the  knowledge  of  the 
morphology  of  the  test  by  discovering  a  subanal  fascicle  (Quart. 
Joum.  Geol.  Soc.  vol.  xxxi.  p.  445)  in  a  form  which  he  considered 
specifically  distinct  from  II.  Forhesiy  Woods  &  Duncan,  but  which 
must  now  be  considered  to  be  a  variety.  He  recognized  the  pro- 
priety of  associating  the  names  of  Mr.  T.  Woods  (who  gave  me 
such  assistance  in  describing  the  species  that  I  was  bound  to  con- 
nect him  with  my  work)  and  myself  with  Hemipatagus  Fwhcsi, 
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In  1877  I  found  the  internal  fasciole  of  the  test,  and  completed  the 
description  of  the  morphology.  But  as  the  species  could  no  longer 
remain  as  a  ffemipatagtu,  I  placed  it  within  the  genus  Lovenia, 
and  the  species  hecame  Lovenia  Forhesi^  Woods  and  Duncan  (Quart. 
Joum.  GeoL  8oc.  1877,  vol.  xxxiii.  p.  68). 

In  the  Prodr.  Pal.  Victoria,  dec.  vi.  p.  39  (1879),  Prof.  M*Coy 
considers  that  "  I,  also,  will  probably  prefer  to  leave  it  now  under 
the  old  authority,*'  meaning  that  the  species  should  stand  as  Lovenia 
Forbesi,  M'Coy,  sp.  It  is,  of  course,  not  of  much  importance 
whose  name  is  to  stand  after  the  species,  provided  the  palaeontologist 
who  is  studying  the  Australian  fauna  can  be  directed  to  the  first 
and  most  correct  specific  definition.  That  given  by  M*Coy,  in  1879, 
leaves  nothing  to  be  desired,  nor  is  that  given  previously  by  me 
otherwise  than  correct. 

If  MS.  names  on  a  tablet  in  a  museum  are  to  be  of  greater  value 
than  careful  descriptions  and  delineations,  then  the  best  plan  will 
be  for  the  recognizers  of  new  forms  simply  to  name  them  and 
to  leave  the  description  to  the  chapter  of  accidents.  As  a  peraonal 
matter,  I  would  leave  the  name  to  be  placed  after  the  specific 
name  as  Professor  M'Coy  wishes ;  but  it  is  not  in  the  interest  of 
flcience  to  do  so,  and  the  personal  names  placed  after  a  species 
must  be  those  of  the  first  writers  who  first  defined  the  species 
BO  that  it  could  be  recognized  by  subsequent  observers. 

M.  Pomel  ('  Theses  par  A.  Pomel,  Class,  method.  £ch.  viv.  et 
foss.'  Alger,  1883,  p.  28)  has  diagnosed  a  genus  Sarsella,  which 
differs  from  Lovenia,  Desor,  in  not  having  the  ampullae  visible  on  the 
inner  surface  of  the  test  beneath  the  sunken  scrobicules  of  the 
primary  tabercles.     Lovenia  Forhesi  is  included  by  M.  Pomel  in  his 
genus.     Now  the  occurrence  of  these  projections,  rounded  in  shape 
and  with  a  depression  in  them,  are  in  relation  with  the  bases  of 
the  smaller  actinal  tubercles  as  well  as  with  the  more  important 
large  primaries  (A.  Agassiz,  '  Revision,'  pi.  xxxviii.  figs.  28  &  28')  ; 
they  arise  from  the  thin  condition  of  the  test,  and  the  hollows  are 
the  involuted  bases  of  the  tubercles,  whilst  the  swellings  are  the 
inward  projection  of  the  scrobicules.     The  thicker  the  test  the  less 
visible  are  these  characters.     They  are  visible  in  the  recent  forms  • 
but  unless  a  fossil  Lovenia  be  so  preserved  that  the  matrix  within 
dears  out  readily,  there  is  no  opportunity  of  noticing  whether  this 
particular  structure  prevails  in  the  stout  tests.    In  the  only  instance 
I  have  had  of  a  form  with  an  unusually  delicate  test,  and  which 
was  fractured,  I  saw  slight  relics  of  the  roundings  within.     As  all 
other  characters  of  physiological  value  are  the  same  in  the  recent 
and  fossil  Lovenia,  and  as  the  character  relied  upon  by  M.  Pomel  is 
not  of  primary  physiological  value,  I  do  not  consider  that  he  has 
shown  the  necessity  for  the  introduction  of  a  new  genus.    Again, 
I  am  by  no   means  satisfied  that  Sarsella  mauritanica,  Pomel, 
described  and  figured  in  Cotteau's  '  Eoh.  Foss.  de  TAlg^rie,  Etage 
Eocene,'  1885,  p.  36,  pi.  i.  figs.  4-8,  is  a  lovenia  without  ampullae. 
There  is  most  certainly  no  internal  fasciole  present,  nor  is  a  sub- 
anal  one  visible.    Cotteau  (p.  38)  states  that  M.  Pomel  has  not 
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definitely  stated  that  he  has  found  an  internal  fasciole  in  his 
specimens,  and  has  given  no  details  of  any.  CJotteau  does  not 
know  whether  to  call  M.  PomeFs  typical  species  a  Sarsella  or  a 
Maretia,  It  is  qnite  apparent,  on  comparing  the  figures  of 
Maretia  planulata  given  by  A.  Agassiz  (*  Revision,'  pi.  xix  5.  fig.  7), 
and  Maretia  anomala,  nobis  (Quart.  Journ.  Geol.  Soc.  vol.  xxxiii. 
pi.  iv.  fig.  1),  that  M.  Cotteau  was  justified  in  his  doubt,  and  that  if 
a  subanal  fasciole  exists,  the  species  is  really  a  Maretia;  if  not, 
the  species  belongs  to  Eemijpatagus  (Desor,  *  Synopsis,'  tab.  44). 

Before  perfect  specimens  of  Lovenia  Farhesi  had  been  obtained 
Mr.  Tenison  Woods  had  considered  the  form  under  consideration  to 
be  a  Hemipatagus,  and  this  genus  of  Desor's  is  characterized  by  the 
test  being  small  and  furnished  with  large  interradial  primary 
tubercles,  resembling  those  of  Spatangus^  but  absent  in  the  posterior 
interradium,  by  the  plastron  being  in  general  smooth,  as  if  worn, 
and  by  having  projecting  and  elongate  petals,  four  genital  pores 
and  no  fascioles.  Yet  M.  Fomel  places  Maretia,  Gray,  as  synony- 
mous with  Hemipatagus  {op.  cit.  p.  29).  It  is  perfectly  evident  that 
Maretia  has  a  subanal  fasciole  and  often  a  discontinuous  narrow 
lateral  fasciole ;  this  last  has  been  noticed  by  A.  Agassiz  and  myself. 
Maretia  according  to  Cotteau  is  therefore  not  Hemipatagus  accord* 
ing  to  M.  Fomel. 

25.  EusPATANoirs  botundtts,  Duno. 

Eupatagu9  rotundus,  Dune.  op.  cit.  p.  53,  pi.  iii.  figs.  14-17. 

The  relative  dimensions  of  this  species  and  the  want  of  any 
contraction  on  either  side  posteriorly  separate  it  from  the  other 
forms  of  the  genus  from  Australia  and  elsewhere. 

26.  EirsPATANeus  Laubei,  Dune. 

Eupatagus  Lavhei,  Dune.  op.  cit.  p.  55. 

The  classificatory  position  of  this  form  is  not  without  doubt,  for 
it  has  the  primary  tubercles  "  environed  by  the  peripetalous  fasciole  " 
small  and  even  present  in  the  posterior  interradium  as  in  Peripneuste^. 
In  all  other  respects  the  species  is  a  true  Euspatangoid.  A  similar 
difficulty  was  met  with  by  Mr.  Percy  Sladen  and  myself  in  studying 
Euspatangus  avellana,  d'Archiac  &  Haime,  and  we  noticed  the 
affinity  of  that  species  to  Macropneustes  (Pal.  Ind.  ser.  xiv.  Foss. 
Echin.  W.  Sind,  pt.  iii.  p.  237).  The  presence  of  a  subanal 
fasciole  was  not  mentioned  by  me  in  my^former  communication,  and 
now  I  can  add  that  it  is  well  developed. 

27.  EUSPATANGTJS  MURBATENSIS,  Laubo. 

Eupatagus  murrayensis,  Laube,  op.  cit.  p.  196,  fig.  4. 

This  species  is  very  oviform  in  shape  and  high  behind,  and 
difiers  from  the  other  species  very  definitely. 

28.  Etjspatangits  "Wriohti,  Laube. 

Eupatagus  WrigTUi,  Laube,  op.  cit.  p.  195,  ^g.  5. 

There  is  some  affinity  between  Euspatangus  rostraius,  d'Archiac, 
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and  this  species,  and  on  the  other  hand  the  recent  Mupatangu» 
VdUndennesif  Agass.,  is  allied  to  Euspatangtis  murrayensis, 

29.  ScHizASTER  YENTKicosus,  Gray,  1851,  Ann.  &  Mag.  Nat.  Hist, 
yol.  yii.  p.  133. 

A  fragment  of  this  recent  form  is  in  the  Blanf ord  collection  in 
the  British  Musenm. 

List  of  the  Species  of  Australian  Tertiary  Echinoidea. 

1.  Cidaris  (Leiocidaris)  australics,  Dune.     Cape  Otway. 

2.  ( ),  sp.,  Dune.     Bairnsdale. 

3.  Oonioddaris^  sp.    Spines.     Cape  Otway. 

4.  Salenia  tertiaria,  Tate.     Aldinga,  South  of  Adelaide. 

5.  Psammechintts  Woodsi,  Laube.     Murray  Cliffs. 

6.  Ortholophis  lineatus^  Dune,  syn.  Temnechirvas  lineatus,    Mor- 

di  alloc. 

7.  Paradoxechinus  novuSy  Laube.     Murray  Cliffs. 

8.  Clypeaster  folium,  Agem.yY&r.  elongata,  DnnG,     Geelong. 

9.  gippslandicus,  M'Coy.     Gippsland. 

10.  \Monostychid)  australis,  Laube,  sp.    Murray  Cliffs. 

11.  ( )  Loveni,  Dune.     Murray  Cli£&. 

12.  Eehinohrissus  australice,  Dune.     Cape  Otway. 

13.  Catopygus  eUgans,  Laube.     Murray  Cliffs. 

14.  Pygorhynchus  Vassali,  Wright.     East  of  Glenelg. 

15.  Echinolampas  ovulum,  Laube.    Murray  Cliffs. 

16.  Holaster  australioSy  Dune.     Castle  Cove,  Cape  Otway. 

17.  difficiUs,  Dune,  syn.  Mhynchopygus  dysasteroides^  Dune. 

Cape  Otway. 

18.  Micraster  brevisteCla,  Laube.     Murray  Cliflfe. 

19.  Maretia  anomala.  Dune.     South  of  Sherbrook  Eiver. 

20.  Megalaster  compreesus,  Dune.     Murray  Cliffs. 

21.  Perieosmus  gigas^  M*Coy. 

22.  Ndsoni,  M*Coy. 

23.  conipressuSy  M'Coy. 

24.  Lovenia  Forbesi,  Woods  &  Dune.    Mordialloc. 

25.  Euspatangus  rotundus,  Dune.     Murray  Cliffs. 

26.  Laubei^  Dune.     North  of  Sherbrook  Eiver. 

27.  murrayensis,  Laube.     Murray  Cliflfe. 

28.  Wrighti,  Laube.     Murray  Cliffs. 

29.  JSekizaster  ventricosusy  Gray.     Adelaide  district? 

Varieties : — 

Clypeaster  (Monostychia)  australis,  Laube,  var.  elongata.  Dune. 
Lovenia  Forhesi,  Woods  &  Duncan,  var.  Woodsi,  E.  Etheridge,  jun. 

On  studying  this  list  of  Australian  Tertiary  species  of  Echinoideay 
it  will  be  observed  that  there  is  but  one  species  (Schizaster  ventri- 
C08U8)  which  belongs  to  the  recent  fauna.  It  has  not  an  Australian 
habitat,  but  is  found  widely  in  the  Pacific  area  and  as  far  north  as 
Japan.  Of  the  nineteen  genera  found  represented  in  the  Tertiaries, 
only  seven,  possibly,  have  species  in  the  recent  Australia  fauna. 
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which  numbers  (countixig  three  deep-sea  forms)  at  least  thirty-one 
genera*.  Even  such  common  Australian  genera  as  Salmads,  Ambly^ 
pneustes,  ffolopneustes,  Breynia^  and  Echinocardium  are  not  repre- 
sented in  the  list  of  fossil  species.  la  this  slight  relation  to  the 
recent  fauna  the  Australian  Tertiary  Echiuoidea  resemble  the  fauna 
of  the  Tertiaries  of  Sind,  Each,  Eattywar,  and  the  Mekran  coast ; 
in  both  instances  the  percentage-method  of  classifying  Tertiary 
deposits  will  fail,  and  the  explanation  must  refer  to  the  great 
changes  which  occurred  along  all  the  coast-lines  of  that  part  of  the 
world  at  the  close  of  the  Pliocene  age. 

As  a  whole,  the  grouping  of  the  genera  of  the  Australian  Tertiary 
Echinoidea  is  a  mixture,  and  it  is  characterized  by  the  presence  of 
genera  which  commenced  in  the  Mesozoic  ages,  of  a  majority  of 
genera  which  began  in  the  Tertiary  ages  and  have  lasted  on,  and  of 
a  few  characteristic  Tertiary  genera.  There  are  three  genera  special 
to  the  fauna. 

But  when  the  genera  which  began  in  the  Mesozoic  age  are  con- 
sidered, it  will  be  found  that  four  of  them  are  represented  by  living 
species,  for  instance  Cidaris,  Salenia^  Eckinohrisfus,  and  Catopygus. 
Micraster  lasted  into  the  Nummulitic  of  Sind,  and  the  Austrahan 
species  is  the  latest;  and  the  Holasters  are  recognized,  only  in 
Australia,  as  Tertiary  forms  and  not  early  Tertiary. 

The  essentially  Tertiary  species  are  those  of  the  genera  Pygo^ 
rJiytickus  and  Pericosmus,  The  genera  which  arose  during  the 
Tertiary  ages  and  are  stiU  represented  by  species  are  EchinolampctSy 
Maretia,  Lovenia,  EaspatanguSj  ScJiizasf^,  Ulypeaster^  Psammechinus^ 
and  Ooniocidaris,  The  special  genera  are  Ortholophus^  Paradox- 
echinus,  and  Megalaster,  and  the  first  two  have  very  Sindian 
(Eocene)  alliances. 

The  greatest  interest  of  the  fauna  is,  of  course,  centered  in  the 
Holasters,  and  every  student  of  the  recent  fauna  will  recognize 
their  importance  in  reference  to  the  abyssal  Echinoidea  with 
apetalous  and  flush  paired  ambulacra,  and  which  present  such  a 
curious  mixture  of  antique  and  very  modem  structares.  But 
instead  of  allying  the  abyssal  Ananchytyoid-looking  forms,  classified 
under  the  genera  Homolampas,  A.  Ag.,  Genicopatayus,  A.  Ag., 
Cystechinus,  A.  Ag.,  and  Urechimis,  A.  Ag.,  with  the  Holasters  and 
Ananchytes  of  the  Chalk,  it  will  be  necessary  to  consider  them  in 
reference  to  the  Holasters  of  the  later  Tertiaries  of  Australia.  Just 
as  it  is  now  necessary  to  consider  the  recent  Salem<f  as  the  modified 
descendants  of  the  Tertiary  species,  so  it  is  obligatory  to  believe 
that  the  very  degraded  and  yet  in  some  points  very  anciently 
structured  abyssal  species  of  the  genera  mentioned  above  are  the 
modified  and  degenerate  successors  of  Tertiary  predecessors. 

There  are  no  species  which  are  common  to  this  Australian  fauna  and 
that  of  the  Indian  Tertiaries,  and  the  alliance  with  the  European 
faunas  is  slight  indeed.  The  large  species  of  Pericosmus  recall  the 
forms  from  the  Javan  Tertiary  deposits,  but  the  species  of  the  two 
localities  are  not  the  same. 

*  Bamny,  Catal.  Echin.  Austr.  Mus.  pt  i.  (1885). 
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No  satisfactory  infosmaiion  regarding  the  Tertiary  Ecbinoidea  of 
New  Zealand  has  been  obtained  since  the  publication  of  Zittel's 
monograph,  which  forms  part  of  the  description  of  the  '  Novara ' 
Expedition  (*  Fobs.  Mollnsk.  n.  Ech.  aus  Neu-Seeland/  Vienna,  1864). 
That  author  gave  admirable  figures  and  dear  desoriptions  of  several 
species.  Nvdeolites  papilhsus,  Zitt.  (op,  cit.  p.  62),  is  said  to  be 
closely  allied  to  the  recent  species  of  the  New-Zealand  seas, 
NudtolUes  {Echinobriuue)  recens,  Edw. 

There  is  no  doubt  that  Breynius  described  and  delineated  the  genus 
Echinchrissus  in  1732,  and  that  Lamarck,  being  unaware  of  this  fact, 
founded  the  genus  Nwileolites  in  1801,  to  receive,  unfortunately,  not 
only  true  species  of  Echinohrisstis,  Breynius,  but  also  other  species 
which  L.  Agassiz  subsequently  properly  associated  with  the  genera 
Gatopygus  and  Pyrina.  In  1858  Desor  endeavoured  to  separate  the 
genera  Eckinohrissus and  Nudeolites  ('Synopsis  des  Echinides  fossiles,' 
pp.  257  &  263). 

He  moreover  introduced  Trematopygus,  d'Orb.,  as  a  group  of 
NucUoliteSj  with  an  oblique  peristome.  A.  Agassiz,  in  revising  the 
genera  of  recent  Ecbinoidea,  had  to  consider  the  proper  generic  title 
of  the  two  recent  species,  both  of  which  had  been  placed  under 
NucleoUtes  by  their  describers.  He  retains  "provisionally  the 
separation  into  two  genera,"  and  remarks  that  **  from  the  examination 
of  the  scanty  material  of  living  species,  the  splitting  of  this  genus  into 
two  sections  seems  scarcely  warranted."  He  notices  that  conjuga- 
tion of  the  ambulacral  pores,  which  Desor  would  make  a  generic 
attribute,  is  seen  associated  with  the  opposite  condition  on  the  same 
petal  in  some  species,  and  that  it  is  of  no  taxonomic  value.  The 
shape  of  the  peristome  he  does  not  consider  to  be*  of  much 
importance ;  but  he  thought  that  the  best  plan  was  to  let  Echino^ 
hrisstts  remain  as  the  genus  and  to  permit  NudeoliU8  to  be  a 
subgenus.  It  must  be  conceded  that  the  recent  species  are  aberrant 
from  the  genus  and  the  subgenus.  Probably  future  research  in 
the  morphology  of  the  recent  and  fossil  species  will  permanently 
establish  the  old  genus  Echinohrissus,  Breynius,  and  will  absorb 
Nucleolites,  allowing  two  subgenera  to  be  arranged,  so  that  one 
can  receive  the  species  with  an  oblique  mouth,  and  the  other 
the  species  the  ambulacra  of  which  have  single  extra-petaloid 
pores.  It  is  evident  that  the  Australian  species  differs  from  that 
described  by  Zittel,  but  it  is  interesting  to  find  the  persistence  of 
the  type  through  the  Australian  and  New-Zealand  Tertiaries  to  the 
present  Australo-New-Zealand  Echinoid  fauna. 

ZittePs  fine  drawing  of  Hemipatagus  tuberculatus,  Zitt.*,  indicates, 
from  the  separation  and  incomplete  condition  of  the  anterior 
poriferous  zones  of  the  antero-lateral  ambulacra,  that  there  was 
once  an  internal  fascicle  present  on  this  form.  I  have  little  doubt 
that  specimens  will  be  found  which  will  prove  the  species  to  be  a 
Lovenia,  closely  allied  to  Lovenia  Forhesi,  Woods  &  Duncan.  But 
the  species  described  as  Hemipatagus  formosus,  Zitt.f,  appears  to  be 

♦  Zittel,  op.  cit.  p.  63,  pi.  xii.  fig.  1.  t  Zittel,  op,  cit,  p.  63. 

Q.  J.  G.  S.  No.  171.  2g 
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a  trae  member  of  that  genus.  Zittel  noticed  the  affinities  of  this 
form  with  the  ffemipatagi  described  by  Herklots  from  the  Java 
Tertiaries. 

Sckizaster  rotundatus^  Zitt.,  is  allied  to  S,  ventricasus,  and  there- 
fore to  the  Australian  Tertiary  form  which  I  have  noticed. 
Zittel  has  also  described  a  huge  Brissus  {Brissus  eanmius,  Zitt.). 
Unfortunately  the  species  named  by  all  writers  on  New-Zealand 
fossil  Echinoidea,  subsequently  to  Zittel,  are  without  satisfactory 
descriptions. 

DiSCU'BSIOll'. 

The  Pbebident  remarked  upon  the  importance  of  recording  the 
nature  of  faunas  from  distinct  localities,  even  though  the  materials 
at  command  might  be  imperfect. 

Mr.  Slaben  congratulated  the  Society  upon  having  brought  before 
them  such  a  paper  as  that  just  read.  With  regard  to  Clypeaster 
and  Echinanikus  he  had  strong  conservative  views.  Echinanthta, 
he  thought,  should  be  confined  to  fireynius's  type.  One  interesting 
point  in  connexion  with  the  'Challenger'  researches  he  would 
notice,  namely,  the  occurrence  in  comparatively  shallow  water  in  the 
Philippines  of  forms  which  elsewhere  live  in  very  deep  water,  and 
this,  he  thought,  might  be  found  to  have  a  bearing  upon  our  views 
as  to  the  distribution  and  bathymetrical  range  of  tibe  fossil  forms. 

Prof.  DxTSCAJS  expressed  a  wish  that  Mr.  Sladen  would  tell  us 
what  conservatism  means  in  this  connexion.  In  many  cases  when 
his  previous  remarks  had  been  criticized  by  Prof.  M'Coy  his  observa- 
tions had  been  founded  upon  imperfect  specimens,  although  in  some 
instances  he  could  not  shelter  himself  under  any  such  plea. 

Mr.  Sladen  said  that  in  his  opinion  Prof.  Agassiz  was  in  error 
in  his  application  of  the  generic  term  EchinanthuSy  as  the  forms  he 
had  referred  to  that  genus  were  not  JSchinanthi  at  aU. 
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31.  On  the  London  Clay  and  Bagbhot  Beds  of  'Aldebshot.      By 
H.  G.  Lyons,  Esq.,  E.E.,  F.G.S.    (Bead  April  27, 1887.) 

A  BEsiDENCE  in  Aldorshot  has  furnished  me  with  facilities  for 
observing  numerous  sections  and  exposures  of  the  Bagshot  Beds  in 
the  immediate  neighbourhood  of  the  North  and  South  Camps,  which 
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appear  to  me  to  bear  strongly  on  the  questions  relating  to  the 
stratigraphy  of  the  Bagshot  area  which  have  been  raised  of  late. 
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I  first  propose  to  discuss  one  partioalar  section  which  has  heen 
very  diiFerently  interpreted  by  diflPerent  observers  *. 

The  section  is  one  through  Thorn  and  Eedan  Hills  to  the  east  of 
South  Camp,  and,  as  shown  in  ^g.  1,  is  drawn  in  a  direction  N.  14**  E. 
and  S.  14°  W.,  thus  giving  nearly  the  true  dip  of  the  beds,  which 
dip  slightly  E.  of  N.     . 

Commencing  at  the  North  end  of  the  section  (which  is  drawn  on 
the  scale  of  4"  to  one  mile  horizontal  and  8"  to  one  mile  vertical), 
the  Pebble-bed,  which  I  take  as  the  line  of  division  between  the 
Upper  and  Middle  Bagshot,  occurs  behind  the  Commissariat  Stores,  as 
described  by  Mr.  Monckton  {he.  di.  p.  410). 

This  bed  of  rolled  black  flint-pebbles  can  be  traced  round  the  east 
slope  of  the  hill  past  the  Magazine  and  the  Cemetery,  at  each  of 
which  places  it  can  be  seen  in  situ^  to  the  brow  of  the  hill  on  which 
the  Cambridge  Hospital  stands.  Here  the  bed  has  rather  thinned 
and  the  pebbles  are  imbedded  in  a  more  clayey  bed  than  at  the 
Commissariat  Stores. 

Walking  down  the  road  leading  from  the  eastern  end  of  the 
Hospital  enclosure  to  the  Field  Stores  in  the  valley  below,  we 
start  from  the  pebble-bed  at  the  top  and  pass  over  the  outcrop  of 
the  different  beds  of  the  Middle  Bagshot,  and  then  of  some  of  the 
Lower  Bagshot. 

The  upper  portions  of  the  Middle-Bagshot  beds  are  at  first  sandy, 
as  we  see  in  nearly  all  the  well-sections  in  the  neighbourhood,  but 
lower  down  they  become  stiff  and  clayey,  till  at  the  foot  of  the  hill  the 
sandy  Lower  Bagshots  come  in.  Behind  the  Field  Stores  20  ft.  of 
white,  false-bedded  Lower-Bagshot  sand  appear  in  a  sand-pit ;  and 
as  we  ascend  the  slope  of  Redan  HiU,  wherever  rifle-pits  or  shelter- 
trenches  furnish  us  with  sections,  yellowish  sands  of  the  Lower 
Bagshot  are  seen. 

A  shelter-trench  made  last  summer  furnishes  a  good  section  of 
the  upper  third  of  Eedan  Hill,  and  in  it  we  find  exposed,  first  the 
yellowish  sands  of  the  Lower  Bagshot,  then  clayey  beds  similar  to 
those  passed  over  in  descending  the  opposite  slope  of  Thorn  Hill. 
These  clay-beds  extend  to  the  top  of  Eedan  Hill  till  overlain  by  the 
gravel  capping  above  them ;  and  I  take  them  to  be  the  lower  beds  of 
the  Middle  Bagshot,  which  have  been  raised  to  this  height  by  the 
northerly  dip  of  all  the  Tertiary  beds.  I  will  show  presently  that 
this  is  sufficient  to  do  so. 

On  the  south  side  of  Eedan  Hill  these  clay-beds  are  almost 
wanting,  being  only  seen  quite  at  the  top  of  the  railway-cutting, 
where  they  are  brought  out  by  the  northerly  dip  of  the  beds.  The 
pebble-bed  described  by  Mr.  Irving  as  occurring  in  the  railway- 
cutting  south  of  Eedan  Hill  appeared  to  be  a  few  scattered  pebbles 
occurring  at  a  particular  horizon  in  the  Lower  Bagshot.  Thus 
there  should  be  no  anticlinal  between  Thorn  Hill  and  Eedan  Hill  as 
shown  by  Mr.  Irving ;  and  the  section  as  drawn  by  Messrs.  Monckton 
and  Herries  in  their  paper  (Quart.  Joum.  Geol.  Soc.  vol.  xlii. 
p.  412)  requires  some  alteration. 

*  Rev.  A.  Irving,  Quart.  Joum.  Geol.  8oo.  vol*  xli.  p.  602 ;  and  Messrs. 
Monckton  and  Herriea,  Quart.  Joum.  GeoL  Soo.  vol.  xlii.  p.  410. 
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Mr.  Irving  in  his  paper  refers  to  the  green  sands  of  the  Middle 
Bagshot  as  occurring  at  the  foot  of  the  northern  slope  of  GsBsar's 
Camp  at  an  altitude  of  350  feet.  This  is  50  feet  higher  than  the 
top  of  the  Middle  Bagshots,  as  he  shows  them  by  his  pebble-bed  in 
the  railway-cutting.  To  produce  this  a  synclinal  flexure  is  neces- 
sary haying  its  axis  in  Aldershot  town,  of  which  we  have  no  proof. 
As  in  fact  these  green  sands  are  at  an  altitude  of  450  feet,  a  still 
sharper  bend  must  be  supposed  if  we  admit  the  Thom-Eedan  Hill 
anticlinal. 

Again,  the  green  sand  in  giiu  occurs  at  from  500  to  550  feet  in 
CfiBsar's  Camp  and  Hungry  Hill ;  and  this,  coupled  with  the  fact  that 
the  Middle-Bagshot  beds  can  be  traced  from  the  Canal  across  the 
Long  Valley  up  into  the  flanks  of  Caesar's  Camp,  points  to  a  regular 
northerly  dip. 

Now,  turning  to  the  same  section  as  drawn  by  Messrs'.  Monckton 
and  Herries,  we  And  that,  too,  to  be  slightly  misleading,  though  they 
indeed  show  the  persistent  northerly  dip  of  all  the  beds  which,  I 
have  shown,  is  most  probable.  The  difference  in  level  shown 
between  Thorn  Hill  and  Bedan  Hill  is  the  cause  of  this ;  for,  as 
Thorn  Hill  is  100  feet  above  the  valley,  one  would  assume  from  the 
section  that  Bedan  Hill  was  30  feet  below  the  opposite  hill,  whereas 
it  is  in  reality  but  one  foot  below  it.  Again,  from  the  figuring  and 
description  of  the  section,  I  understand  that  the  authors  consider 
the  pebble-bed  to  represent  the  Middle  Bagshot,  and  refer  all  below 
it  to  the  sands  of  the  Lower  Bagshot,  omitting  the  Middle  Bagshot 
clays  which  occur  below  the  pebble-bed  in  Thorn  Hill  in  the  well- 
borings  and  all  the  surface-sections  about,  and  cap  Bedan  Hill  below 
the  gravel. 

I  will  now  shortly  show  how  the  section  in  fig.  1  was  drawn 
from  the  evidence  brought  forward. 

The  form  of  the  ground  having  been  plotted  from  the  6"  Ordnance 
Survey  map  of  1882,  the  pebble-bed  was  put  in  as  follows : — Below 
the  point  marked  362  feet,  which  is  the  Time-gun,  the  bed  is 
exposed  at  300  feet  by  the  Magazine,  a  point  at  right  angles  to  the 
line  of  section  and  400  yards  distant,  in  an  exposure  by  the  Cemetery, 
and  one  on  the  pathway  below  the  Mortuary  Chapel ;  and  from  these 
three  points,  between  which  the  bed  can  be  traced  continuously,  the 
line  of  division  between  the  Upper  and  Middle  Bagshots  is  drawn. 

The  thickness  of  the  Middle  Bagshot  is  given  by  the  well-section 
quoted  on  p.  434,  and  by  the  outcrop  of  clay-beds  on  the  two  hill- 
slopes  from  which  it  was  plotted,  and  found  to  coincide  with  the 
well-section.  The  London  Clay  I  believe  to  crop  oat  as  shown,  as- 
there  are  two  ponds  of  water  lying  in  this  hollow,  and  the  clay  is 
fthown  in  the  brickfield  on  the  hill  above,  where  it  is  overlain  by  a 
few  feet  of  Lower  Bagshot  loam.  This  also  coincides  with  the  well- 
section.  In  this  section  it  will  be  seen  that  I  agree  with  the  Survey 
mapping,  except  that  I  take  the  top  of  Bedan  Hill  to  be  Middle 
Bagshot,  having  the  whole  thickness  of  the  Lower  Bagshot  beneath 
it.  The  Cambridge  Hospital  and  South  Camp  are  shown  in  elevation, 
with  the  pebble-bed  forming  the  surface  of  the  ground. 
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Section  of  Well  at  D  Lines^  South  Camp,  Aldershot, 

(Surface  340'  above  O.D.,  formed  by  the  pebble-bed  at  the 
top  of  the  Middle  Bagshot) 


Middle 
Bagshot, 
53  feet. 


Lower 
Bagshot, 
115  feet. 


V 


No. 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


Defloription. 


Yellow  loam 

Green  Band   

Ghrej  sand 

Mixed  green  sand 

Dark  men  sand 

Blue  clay,  streaky    , 

Blue  olay 

Black  sand    

Blue  clay  

Blue  day  , 

Mixed  sand   , 

Bed  of  stone , 

Mixed  sand 

Mixed  sand  and  day  .. 

Blue  clay  

Telluw  clay  

Sandy  rook    

Mixed  sand  

Blue  day  

Green  sand   

Bed  sand  

Mixed  sand  

Light  sand    

Blue  olay  

Mixed  gclay  

Mixed  and  

Mixed  day  and  sand  .. 


Thickness, 
ft.  in. 
15  6 
12  6 
10  0 
6  6 
1    6 


8 

4 

16 

7 

13 

20 

6 

1 

8 


6  0 

1  0 

5  0 

1  0 


4  0 

2  0 
6  0 
8  0 

3  0 


Total  depth. 

ft. 

in. 

15 

6 

28 

0 

38 

0 

44 

6 

46 

0 

49 

0 

53 

0 

68 

0 

75 

0 

88 

0 

108 

0 

114 

0 

115 

0 

12:j 

0 

129 

0 

130 

0 

135 

0 

136 

0 

137 

0 

142 

0 

143 

0 

148 

0 

150 

0 

154 

0 

156 

0 

162 

0 

165 

0 

168 

0 

The  rest  is  blue  clay  of  the  London  Clay  to  600  feet  4  inches,  where 
sand  was  met  with,  and  a  supply  of  water  obtained  rising  to  48  feet 
6  inches  from  the  surface.  In  the  London  Clay,  the  following  layers 
were  passed  through  at  depths  from  the  surface  as  follows : — 

ft 

A  layer  of  stone  at  192 

„        pebbles  at  207 

, 223 

227 

„        yellow  stone  at 249 

pebbles  at  433 

In  this  well-section  the  passage  of  Lower  Bagshot  into  London 
Clay  is  remarkable,  and  is  very  similar  to  that  shown  at  Brookwood. 
The  thick  development  of  day  in  the  Lower  Bagshot  at  beds  9  and 
10  in  the  well-section  would  seem  to  famish  a  case  of  a  thick 
lenticular  patch  of  clay  in  sandy  strata  similar  to  that  described  by 
Mr.  Hudleston  at  Walton,  as  no  such  thickness  of  clay  is  found  to 
occur  in  any  surface-sections  of  the  Lower  Bagshot  round  about. 

Coming  to  the  instances  of,  and  arguments  for,  overlap  of  the 
Upper  beds  and  erosion  of  the  London  Clay  which  Mr.  Irving  has 
put  forward,  I  cannot  say  that  I  have  been  able  to  make  his  con- 
clusions agree  with  the  facts  which  I  have  collected  in  this  immediate 
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neighbourhood.  I  will  commence  with  the  section  at  Ash  Station, 
which  he  has  described  lately  (Proc.  Geol.  Assoc,  vol.  ix.  no.  6, 
May  1886). 

As  will  be  seen  from  fig.  2,  we  have  a  spur  of  the  Fox  Hills 

Fig.  2. — Section  from  O^ravel-pU  Hill  to  Ash  Oreeriy  S.  TT.  B. 

I  "- 

I  ad  5 


a^.    r  Homontal,  4  in.  to  1  mile.  Dip  21**  to  2°  50'  at  S.  end. 

°°**®  1  Vertical,  8  in.  to  1  mile. 

a.  Grayel  capping.  L.  O.  London  Olay. 

b.  Upper  Bagshot.  W.  &  R.  Woolwich  and  Beading  Beds. 

c.  Middle  B^shot  Ch.  Chalk. 

d.  LoTver  Bagshot.  p.  Pebble-bed. 

consisting  (omitting  the  gravel  capping)  of  Upper-Bagshot  sand  of 
the  normal  type  till  we  come  to  the  lower  shoulder  of  the  spur, 
which  is  capped  by  the  rounded  black  flint  pebbles  in  great  numbers, 
marking  the  junction  of  Upper  and  Middle  Bagshot.  In  a  gravel-pit 
near  Ash  Yale  they  occur  in  a  bed  of  dark  green  sandy  clay,  and, 
indeed,  may  be  traced  for  a  considerable  dbtance  round  the  foot  of 
the  eastern  slope  of  the  Fox  Hills  towards  Brookwood.  In  the  lane 
•dose  by  the  clay  of  the  Middle  Bagshot  is  seen,  and  again  in  the 
brickfield  on  the  way  to  Normandy. 

Then,  at  Ash  Station,  we  have  the  section  given  by  Mr.  Irving : — 

ft 

1.  Yellow  and  buff-coloured  sand,  with  occasional  iron-stone    48 

2.  Dark-grey,  blackish,  laminated  clay  7  to      8 

3.  Dirty  greenish  sand 6  to      6 

4.  London  Clay  (blue  clay),  pierced  to 15 

76  ft. 

Comparing  this  with  the  well-section  on  page  434,  and  taking  into 
Bccount  the  sand,  presumably  Lower  Bagshot,  at  £ast-Wyke  Farm, 
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half  a  mile  east,  described  by  Messis.  Monokton  and  Herries  *  as- 
occurring  beneath  the  day-beds  of  the  Middle  Bagshots,  which  I  have 
mentioned  above,  the  arguments  already  put  forward  for  conform- 
ability  and  constant  northerly  dip  of  the  beds,  and  the  r^ular 
succession  of  the  beds  in  the  Long  Valley,  I  consider  the  Ash-Station 
Well  to  show  the  basement  beds  of  the  Lower  Bagshot  of  a  character 
very  similar  to  those  in  the  Brookwood  and  South-Camp  deep  borings. 
Moreover,  the  London  Clay  crops  out  1200  feet  south  on  the  road 
leading  to  the  South-Western  Station  at  the  same  level  as  the  Station. 
This  gives  a  slope  to  the  north  of  61  feet  (the  thickness  of  the 
Bagshot  strata)  in  1200  feet,  or  about  !•  in  20,  which  would  give 
2°  52',  which  dip  corresponds  well  with  that  measured  by  Mr. 
Monckton  at  East-Wyke  Farm  (Quart.  Journ.  Geol.  Soc.  vol.  xlii.). 

Also,  at  the  South- Western  Ash-Green  Station,  a  deep  well-boring 
(Surv.  Mem.  vol.  iv.  p.  637)  gives  London  Clay  and  Beading  beds  as 
370  feet  thick.  Deducting  80  feet  for  the  Beading  beds,  we  have 
290  feet  as  the  thickness  of  London  Clay,  1500  feet  from  the  outcrop, 
and  a  slope  of  1  in  20,  which  we  have  just  found  above  for  the  over- 
lying Bagshot  strata,  gives  a  thickness  of  75  feet  to  be  added.  A 
further  deduction  of  the  difference  in  level  between  the  well,  290  feet, 
and  the  outcrop  255  feet  above  O.D.,  viz.  35  feet,  is  also  required; 
and  thus  we  have  a  thickness  of  330  feet  for  the  London  Clay,  which 
is  about  the  same  as  that  in  the  South-Camp  boring  and  in  the 
Aldershot  Waterworks,  as  will  be  shown  again  later.  I  therefore 
consider  that  there  can  have  been  but  little  erosion  of  the  London 
day  at  this  point  before  the  deposition  of  the  Bagshot  beds. 

In  describing  the  well-section  at  Ash  Station,  S.E.  Bailway, 
Mr.  Irving  (Proc.  Geol.  Assoc,  loc.cit.)  says,  "Here  we  are  about  the 
level  of  the  southern  end  of  the  Fox  Hills,  which  consist  of  un- 
doubted Upper-Bagshot  sands."  This  would  account  for  his  drawing 
the  Bagshot  beds  horizontal  in  the  woodcut  there  given  ;  but  as  the 
well-mouth  is  over  60  feet  below  the  outcrop  of  the  Upper-Bagshot 
sands,  in  order  to  bring  them  into  the  well-section  a  downward  slope 
of  108  feet  in  1800  feet  must  be  allowed,  since  to  the  60  feet  given 
above  the  48  feet  of  yellow  sand,  called  Upper  Bagshot  in  the  section, 
must  be  added.  This  gives  a  slope  of  about  1  in  17  to  the  south ; 
and  by  the  well-section  and  the  point  of  outcrop  of  the  London  Clay, 
we  get  a  slope  of  about  3°,  or,  say,  1  in  20  north  for  that  formation. 
Of  this  Bagshot  anticlinal,  which  is  not  shared  in  apparently  by  the 
London  Clay,  I  maintain  we  have  no  suflScient  evidence ;  and  I  have 
already  argued  against  one  at  Thorn  Hill,  and  shall  do  so  again 
when  describing  the  section  across  Aldershot  Town.  Moreover,  the 
anticlinal  here  would  bring  in  Middle-Bagshot  beds  and  Upper- 
Bagshot  sands  overlying  them,  dipping  4°  south,  just  about  where 
Messrs.  Monckton  and  Herries  have  described  Ii)wer-Bagshot  sands 
underh/ing  Middle-Bagshot  basal  clays,  and  dipping  about  3^  north. 
This  appears  to  me  conclusive. 

I  have  quite  lately  obtained  (through  the  kindness  of  General 
Hammersley,  of  Ash  Grange)  some  details  of  a  deep  weU  in  the  London 

*  Quart  Journ.  Geol.  Soc  toI.  xlii.  p.  413. 
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day  at  his  house,  which  is  about  halfway  between  the  Ash  Stations  on 
the  South-Eastern  Eailway  and  South-Westem  Eailway,  and  is  situ- 
ated just  by  the  outcrop  of  the  London  Clay.  The  well  was  deepened 
to  about  300  feet  in  1864,  before  the  South-Westem  Railway 
Company  bored  the  one  clone  by,  which  later  boring  considerably 
reduced  the  supply  of  water  in  the  Ash-Grange  well.  Thus  it  seem& 
that  the  well  draws  its  water  from  the  base  of  the  London  Clay,  or 
from  the  Woolwich  and  Reading  beds ;  and  restoring  what  erosion  haa 
removed,  we  get  a  thickness  of  320  feet,  if  the  bottom  of  the  well 
is  the  base  of  the  London  Clay. 

The  south  slopes  of  the  extremity  of  the  Fox  Hills,  near  Ash,  give 
a  very  good  section  of  the  Upper-  and  Middle-Bagshot  beds.  Com- 
mencing at  Ash  Vale,  we  have  the  pebble-bed,  about  2  feet  thick  in 
a  dark  green  clayey  sand,  partly  in  situ  and  partly  reconstructed* 
The  pebbles  show  considerable  current-action,  having  their  longer 
axes  inclined  at  about  70°.  This  bed  may  be  traced  continuously 
round  the  foot  of  the  hills,  and  occurs  cropping  out  on  the  hiU-slope 
about  the  brickfield  referred  to  by  Messrs.  Monckton  and  Herries  in 
their  account  of  the  Wyke-Lane  section.  Here,  below  the  pebbles, 
are  sandy  beds  which  furnish  with  water  the  springs  which  are 
thrown  out  by  the  days  at  the  base  of  the  Middle-Bagshot  beds. 

The  next  section  I  propose  to  discuss  is  one  across  the  valley, 
between  Aldershot  Town  and  the  Permanent  Barracks,  and  con- 
tinued on  to  the  Aldershot  Waterworks  (fig.  3). 

The  section  begins  on  the  top  of  the  hill  overlooking  South 
Gamp,  and  as  this  point  is  not  300  yards  east  of  the  deep-boring  at 
D  Lmes,  described  above,  I  have  felt  myself  justified  in  plotting 
the  thickness  of  beds  given  there  at  this  end  of  the  section.  The 
base  of  the  Middle  Bagshot  crops  out  as  a  clay-bed,  at  about  the 
320-feet  contour  on  this  lino  of  section ;  and  again  some  100  yards 
to  the  west  it  is  exposed  under  Red  Hill  at  the  same  level.  This  is 
slightly  below  the  spot  where  Mr.  Blake  is  mentioned  by  Mr. 
Irving  as  finding  a  '*  sandy  bed  containing  numerous  green  grains  " 
(Proc.  Geol.  Assoc,  vol.  ix.  No.  6).  This  bed  I  also  saw  in 
November  last,  when  this  section  was  opened  up  by  a  drain  from  the 
beginning  of  the  section  to  the  top  of  the  hill  marked  340  (fig.  3). 
All  along  this  drain  the  same  yellow  and  bufi^-coloured  sand  was 
exposed,  as  soon  as  the  Middle-Bagshot  beds  had  been  left  on  the 
north  side  of  the  vaUey ;  and  a  glance  at  the  section  will  show  that 
this  drain  was  cut  in  the  same  portion  of  the  Lower-Bagshot  strata, 
owing  to  the  corresponding  dip  of  the  beds  and  slope  of  the  ground. 

These  Lower-Bagshot  beds  crop  out  on  the  south  slope  of  the  hill 
behind  the  brickyard  by  Aldershot  Station,  and  are  exposed  in  a 
sand-pit  at  the  top  of  the  hill  near  the  reservoir,  as  mentioned  by 
Mr.  Monckton  in  a  footnote  to  his  last  paper. 

The  dip  which  I  have  drawn,  viz.  2^°  North,  was  obtained  by 
several  means.  Pirst,  it  can  be  measured  at  the  top  of  the  hill  at 
the  north  end  of  the  section,  as  stated  by  Mr.  Irving  (Quart.  Joum. 
Geol.  Soc.  vol.  zli.  p.  501),  where  he  describes  it  as  2^-5  north ;  the 
lines  joining  the  points  of  outcrop  of  the  Bagshot  strata  with 
corresponding  points  in  the  South-Camp  well  give  the  same,  aa 
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bIso  does  that  joining  the  base  of  the  London  Clay,  as  given  in  this 
well,  and  the  base,  as  proved  in  the  Aldershot- Waterworks  boring. 
In  Proc.  Geol.  Assoc,  loc.  cit,,  Mr.  Irving  refers  to  the  occurrence 
of  the  green  bed  of  the  Middle  Bagshot  at  the  foot  of  the  northern 
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escarpment  of  Ceesar's  Camp  at  an  altitude  agreeing  with  that  of 
the  beds  at  Aldershot ;  and  in  Quart.  Journ.  Geol.  Soc.  xli.  p.  501  he 
describes  the  same  section,  presumably  as  green  sands  in  the  rifle- 
l)utt8,  at  the  height  of  350  feet.     This  must  be  an  error,  as  the 
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butts  are  at  450  feet ;  and  this  gives  100  feet  above  the  hill  by  the 
Aldershot  brickyard,  shown  in  ti^e  section  (fig.  3),  which  is  capped 
on  the  line  of  the  section  by  some  15  or  20  feet  of  Lower-Bagsbot 
beds.  This  100  feet  would  bring  us  into  the  lower  beds  of  the 
Middle  Bagshot  in  their  natural  position,  and  this  disposes  of 
anything  unusual  in  their  occurrence  at  Ceesar's  Camp. 

Ck)ming  now  to  the  London  Clay  in  this  section,  I  have  already 
ahown  how  the  base  of  the  clay,  as  proved  in  the  South-Camp  and 
Aldershot-Waterwoiks  borings,  agrees  with  both  the  proved  and 
measured  dip  of  the  Bagshot  Beds;  I  will  now  show  that  the 
thickness  of  the  London  Clay  at  the  latter  place  is  about  the  same 
as  that  at  the  South- Camp  boring,  and  at  Ash,  as  I  have  given  it 
above.  This  I  shall  do,  since  Mr.  Irving  (Quart.  Joum.  Geol.  Soc. 
vol.  xli.  p.  507),  in  his  "  General  Conclusions,"  No.  6d^  points  to 
this  as  a  section  proving  great  erosion  of  the  London  Clay  before 
the  deposition  of  the  Bagshots.  Two  borings  at  the  Aldershot 
Waterworks  penetrated  the  London  Clay  132  and  134  feet  respeo- 
tively.  I  will  take  a  mean  of  133  feet.  The  mouth  of  the  well  is 
at  250  feet  O.D.,  and  the  outcrop  of  the  London  Clay  is  at  an 
altitude  of  about  340  feet,  and  is  730  yds.  N.  Now  730  yds.  and 
a  dip  of  21°  N.  gives  a  rise  of  110  feet ;  so  we  have  a  total  thicknesss 
of  (133+90+110)=333  feet,  which  agrees  with  the  deep  boring 
at  South  Camp  (332  feet),  and  with  the  thickness  at  the  South- 
western Railway  Station  at  Ash  (330  feet). 

There  are  two  more  well-sections  which  should  be  mentioned  in 
connexion  with  this  area,  namely  those  given  in  Geol.  Surv.  Mem. 
pp.  445  and  446,  as  at  Aldershot  Place.  (This  I  think  must  be 
meant  for  Aldershot  Park,  as  it  is  called  on  the  6-inch  Survey  maps, 
Aldershot  Place  being  called  there  "  Manor  House."  The  descrip- 
tions of  the  positions  and  altitudes  of  the  wells  agree  well  with 
spots  in  Aldershot  Park,  but  cannot  be  reconciled  with  any  part  of 
tiie  Manor-House  grounds.)  When  the  depths  of  London  Clay 
found  in  these  borings,  namely  151  feet  in  one  and  66  feet  in  the 
other,  are  plotted  in  connexion  with  the  thickness  of  London  Clay 
found  at  the  D  Lines,  South-Camp  well,  they  are  found  to  give  a 
dip  of  between  2|°  and  3°  to  the  N.,  and  a  thickness  of  330  feet. 

Thus  we  get  a  thickness  of  London  Clay  equal  to  that  at  Aider- 
shot  Waterworks,  South  Camp,  and  Ash,  and  a  dip  of  the  strata 
intermediate  in  amount  between  Aldershot  and  Ash,  between  which 
two  places  Aldershot  Park  occupies  a  nearly  central  position.  The 
Beading  Beds  with  76  feet  are  also  of  about  the  usual  thickness. 

Coming  now  to  Caesar's  Camp  and  the  Long  Valley,  there  is  but 
littie  of  importance  besides  the  occurrence  of  the  green  sands  at 
altitudes  of  from  500  to  550  feet  and  even  higher.  The  Middle- 
Bagshot  beds  can  be  traced  all  across  the  valley,  overlain  occasionally 
by  Upper-Bagshot  sands,  with  their  uppermost  limit  marked  here 
and  there  by  the  pebble-bed. 

So  far,  each  section  has  been  discussed  to  see  to  what  extent  it  bears 
out  the  hypothesis  of  a  constant  northerly  dip  of  the  beds.  I  will 
now  shortly  describe  a  section  taken  from  North  to  South,  across  the 
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Long  Valley  by  the  Farnborongh  and  Farnham  Boad.  In  this 
section  we  get  the  high  ground  at  the  south  instead  of  the  north 
end  of  the  section,  which  is  more  convenient  for  our  present  purpose* 

On  the  tops  of  the  ridges  north  of  the  Red  Church,  near  the 
Permanent  Barracks,  the  pebble-bed  occurs  at  the  top  of  the  Middle 
Bagshot ;  and  a  scaled  face  of  one  of  these  ridges  nearest  to  the 
Bed  Church  shows  a  section  of  the  base  of  the  green  clayey  sands 
and  the  top  of  the  olay-beds  which  form  the  base  of  the  Middle 
Beries.  Here,  when  freshly  cut,  a  dip  of  about  2^°  north  was  shown. 
Going  south,  Lower-Bagshot  sands  were  shown  in  a  small  excavation 
by  the  Queen's  Pavilion,  and  again  in  a  sand-pit  behind  the  Lock 
Hospital,  where  there  are  about  20  feet  of  brown  and  buff  false- 
bedded  sands,  and  seams  of  pipe-clay  are  seen,  having  a  dip  of  2^^ 
north. 

Further  on,  at  Windy  Gap,  on  Hungry  HUl,  the  same  sands  are 
seen,  while  the  London  Clay  is  dug  in  a  small  brickyard  at  the  foot 
of  the  hill  to  the  east. 

Hungry  Hill  itself  is  capped  by  a  considerable  thickness  of  gravel, 
and  below  it  small  springs  are  thrown  out  in  wet  weather,  I 
think  by  part  of  the  day-beds  which  form  the  base  of  the  Middle 
Bagshot 

Quite  lately,  a  well  62  feet  deep  has  been  sunk  at  the  Inn  on  the 
Famham  Road  by  Hungry  Hill,  and  reached  clay  having  all  the 
characters  of  the  top  of  the  London  Clay,  having  passed  through 
buff  and  brown  loamy  and  sandy  beds.  There  are  4  feet  of  water 
in  it. 

In  extending  the  drains  above  the  Reservoirs  in  Bourley  Bottom, 
a  bed  of  green  clayey  sand  was  cut  into,  overlain  by  a  brown 
loamy  clay.  This  green  bed  is  the  one  which  furnishes  all  the 
springs  which  fill  the  Reservoirs,  and  is,  I  think,  the  middle  bed  of  the 
Middle  Bagshots,  which  supplies  nearly  all  the  wells  in  and  about 
Aldershot.  The  point  where  it  waa  exposed  was  between  560  and 
570  feet  above  O.D.,  under  Caesar's  Camp  and  Bricksbury  HiU. 

The  sand  is  dark  green  when  first  dug  out,  but  becomes  light  on 
exposure  to  the  atmosphere. 

From  these  considerations  I  think  that  the  London  Clay  and 
Bagshot  beds  at  Aldershot  have  a  constant  northerly  dip,  and  that 
the  Bagshot  beds  lie  conformably  on  the  older  beds,  which  have  at 
this  point  an  average  thickness  of  335  feet. 

In  conclusion  I  will  briefly  recapitulate  the  points  I  have  drawn 
attention  to  in  this  paper,  and  their  bearing  on  the  stratigraphy  of 
the  district. 

Commencing  with  the  London  Clay,  I  have  shown  that  wherever 
we  can  fix  the  top  or  base  of  this  formation,  we  get  a  dip  to  the 
north  of  from  2^°  to  3°;  and  that  this  dip,  if  we  restore  the  portions 
which  have  been  removed  by  subaerial  erosion,  gives  us  a  fairly 
constant  thickness  of  from  330  to  340  feet.  In  the  table  below  are 
given  the  thicknesses  of  the  London  Clay  at  several  places  in  and 
near  Aldershot ;  and  wherever  I  have  restored  what  has  been  eroded 
away,  I  have  shown  it  in  this  table.  The  authorities  for  each 
section  are  also  given. 
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Locality  of  Well. 


Bagshot 
Beds. 


London  Clay. 
TfaicknetB  in  feet 


Bored 
through. 


Bestored. 


Total. 


Authority. 


Dogmerafield    Park 
(Near  Odiham)  .. 

D     Lines,      South 
Oamp,  Aldershot . . . 

ilderahot     Water- 
works, No.  1 ... 


j     40 
}    168 

} 


Ditto,  No.  2  . 

Aldershot 
No.  1 .... 


Park, 


Ditto,  No.  2  . 


Ash-Green  Station, 
S,W.B.  


Ash  Orange   (G^en. 
Hammenley*8}  ... 


Brookwood 


}  -  { 


170i 


33di 

332 

134  1 
132  J 
155 
72 
290 

300 

(about) 

371 


200 

175 
260 
40 
20 


385i{ 


334  \ 

832  J 

330  I 

332 

330  I 

320  1 
(about)  / 

371  I 


Qeol.  Surv.  Mem.  yol. 
iv.  p.  446. 

This  paper. 


MS.    letter    of   Mr. 
Whitaker,  Deo.  1884. 


GeoL  Surv.  Mem.  toI. 
iv.  p.  445. 

IHd.  p.  446. 

G(eol.  Surv.  Mem.  toI 
iv.  p.  537. 

This  paper. 

Rev.  A.  Irving,  Geol 
Mag.  dec.  iii.  vol  ii. 
p.  353. 


Thus  we  get  a  fairly  constant  thickness  of  the  London  Clay  from 
Odiham  on  the  west,  to  Ash  on  the  east,  when  it  thickens  to  the 
east  at  Brookwood. 

Moreover,  besides  the  passage  from  the  London  Clay  np  into  the 
Bagshot  beds,  at  the  Wellington-College  well  (Eev.  A.  Irving, 
Quart.  Journ.  Geol.  Soo.  xli.  p.  506),  similar  passages  are  shown  in 
the  Brookwood  well  and  in  the  one  at  D  Lines,  South  Camp,  Aider- 
shot  ;  so  at  these  points  there  can  have  been  no  great  erosion  or 
great  unoonformability.  The  overlying  Bagshot  Beds  too,  as  I  have 
endeavoured  to  show,  lie  conformably  on  the  London  Clay  and  on 
one  another  so  far  as  Aldershot  is  concerned ;  and  the  exposure  of 
the  Lower  London  Tertiaries  to  denuding  agencies  in  Bagshot  times 
cannot  have  been  so  near  the  Bagshot  area  as  Aldershot. 

DisGuasioN. 

The  PnESTDEirr  congratulated  the  Society  on  the  acquisition  of  a 
recruit  whose  carefully  plotted  sections  did  credit  to  his  training  as 
an  officer  of  the  Royal  Engineers. 

Mr.  Irviwq  observed  that  the  Author  had  the  advantage  of  being 
stationed  at  Aldershot,  and  expressed  a  hope  that  this  was  merely 
An  earnest  of  future  work  on  the  part  of  one  in  whom  he  could  not 
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fail  to  take  an  interest.  In  consequence  of  the  overwhekning  evi- 
dence obtained  by  Lieut.  Lyons  he  accepted  his  conclusions  and  gave 
up  his  own  hypothesis  with  respect  to  the  section  on  Eedan  Hill  &o. 
He  had  verified  Mr.  Lyons's  reading  of  that  section,  and  observed  that 
the  clays  of  the  Middle  Bagshots  constituted  the  most  persistent  hori- 
zon. Where  there  is  a  full  normal  development  of  London  Clay  we 
have  a  passage  into  the  Lower  Bagshots.  He  was  not  quite  prepared 
to  accept  the  calculation  of  330  feet  from  the  thickness  of  the  London 
Clay  at  the  Aldershot  waterworks.  He  regretted  that  we  seem  no 
further  advanced  as  to  the  age  of  the  Kingsclere  axis. 

Mr.  Whitaker  complimented  Mr.  Irving  on  having  frankly  ac- 
knowledged his  error  when  it  was  shown  that  he  had  been  mistaken. 
It  would,  however,  be  a  gratification  to  him  that  the  correction  had 
come  from  a  former  pupil.  It  was  scarcely  to  be  expected  that 
pebble-beds  should  be  persistent  over  any  area  ;  but  it  was  often  a 
matter  of  surprise  how  certain  thin  beds  occurred  for  long  dis- 
tances. He  always  felt  under  obligations  to  those  who  would 
correct  errors  of  detail,  and  hoped  that  this  hint  might  not  be  lost 
upon  other  officers. 

Mr.  MoNCETON  expressed  his  obligations  to  Mr.  Lyons,  whose 
paper,  in  the  main,  confiiTned  the  work  of  Mr.  Herries  and  himself. 
One  of  their  endeavours  had  been  to  ascertain  if  there  existed 
reliable  physical  difi^erences  between  the  Upper  and  Lower  Bagshots. 
In  tbis  he  considered  that  they  had  been  successful.  The  Lower 
Bagshots  are  characterized  by  the  presence  of  beds  or  layers  of 
pipeclay,  by  abundance  of  false-bedding,  and  an  absence  of  shells ; 
in  the  Upper  Bagshots  there  is  no  false-bedding,  an  absence  of  pipe- 
day,  and  usually  casts  of  shells.  Applying  these  tests  to  the 
Thorn-Hill — Eedan-Hill  section,  the  results  were  the  same  as  those 
arrived  at  from  a  surveyor's  point  of  view.  This  work  had  been 
admirably  done.  The  clay  at  the  top  of  Eedan  Hill  had  not  before 
been  noticed. 

Mr.  HxTDLESTON  remarked  that,  since  there  was  no  opposition  to 
Mr.  Lyons's  reading  of  the  district,  it  was  unnecessary  to  say  any- 
thing more  in  corroboration  of  a  most  excellent  and  original  paper. 

Mr.  Herries  justified  the  account  of  the  Thorn-Hill  section  given 
by  himself  and  Mr.  Monckton,  and  observed  that  the  day  on  Eedan 
Hill  was  not  exposed  at  the  time  their  paper  was  written.  He 
had  found  Upper-Bagshot  fossils  in  Beacon  Hill,  and  also  in  abun- 
dance on  the  steeple-chase  course  in  the  large  outlier  to  the  north, 
thus  confirming  the  Survey  mapping. 

Mr.  Lyons,  in  reply,  cordially  acknowledged  the  advantages  he 
had  derived  from  Mr.  Irving's  training.  Eeferring  to  the  thick- 
ness of  the  London  Clay  at  the  Aldershot  waterworks,  he  showed  in 
detail  how  the  thickness  of  330  feet  was  obtained,  and  argued  for 
the  correctness  of  his  estimate.  The  extent  of  the  Pebble-bed 
was  most  remarkable,  and  the  Geological  Survey  ma]tping  was  good, 
although  the  boundaries  might  require  to  be  altei*ed  a  little.  As 
regards  the  passage-beds  in  the  well-section,  he  did  not  speak  with 
certainty. 
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32.  Sttpplbmbntabt  Note  on  the  Walton-Common  Section.  By  W. 
H.  Htjdlbston,  Esq.,  M.A.,  F.R.S.,  Sec.G.S.  (Read  April  27, 
1887.) 

1.  Eecapitulation  of  some  points  in  the  previous  paper. 

2.  Continuation  section. 

3.  Composition  of  No.  4  Bagshots. 

4.  Bemainder  of  the  outtine. 
6.  The  Brick-earth  of  Hat(±. 

6.  Its  prohahle  Geological  Position. 

7.  Conclusion. 

There  seems  to  be  so  much  uncertainty  as  to  the  character  of  the 
basal  beds  of  the  Lower  Bagshots  in  the  London  Basin  that  any 
opportunity  which  affords  ns  unmistakable  evidence  of  their  real 
nature  should  be  seized  without  delay.  We  have  had  so  much 
theorizing,  based  upon  the  evidence  of  well-sections  and  of  limited 
exposures,  that  we  turn  with  pleasure  to  a  good  continuous  section 
like  tbe  one  which  has  lately  been  discloseii  between  Walton  and 
Weybridge  on  the  London  and  South- Western  Railway.  The  main 
features  of  the  Lower  Bagshot  series  in  this  section,  at  its  actual 
junction  witb  the  London  Clay,  were  very  folly  described  by  me  in 
a  communication  made  to  the  Society  last  year.  Whetiier  we 
regard  the  junction  there  shown  as  evidence  of  an  unconformity  or 
otherwise,  the  fact  of  a  complete  lithological  change  is  patent  to  all. 

1.  Recapitulation  op  some  Points  in  the  pbeviovs  Papeb. 

Resting  immediately  upon  the  grey-coloured  and  sticky  London 
Clay,  distinguished  by  its  fine  and  perfectly  regular  bedding,  is  a 
sharp  yellow  sand  full  of  current-bedding.  Tftiis  yellow  sand  I 
dubbed  '^No.  1  Bagshots."  Then  follows  the  first  clay  series, 
which  I  called  No.  2,  or  the  *^  Blue  Bagshots."  It  is  surmounted 
by  a  second  sandy  series,  referred  to  in  my  previous  paper  as  "  No.  3 
Bagshots."  As  far  as  the  new  cutting  for  the  widening  of  the  line 
had  then  progressed,  there  was  no  reason  to  suppose  that  No.  3  was 
succeeded  by  a  second  clay  series,  beyond  the  fact  that  the  line  is 
rather  wet  thereabouts.  For  some  reason  the  contractor  left  this 
piece  unexcavated,  and  even  now  (end  of  March  1887)  this  portion 
has  not  been  folly  excavated,  so  that  there  are  one  or  two  points 
which  cannot  be  ascertained  by  actual  observation. 

The  previous  sections  (Q.  J.  G.  8.  May  1886,  pp.  148, 157)  refer 
entirely  to  Walton  Common.  The  one  on  p.  148  is  merely  a  gene- 
ralized section  of  the  portion  of  the  cutting  then  under  description, 
whilst  the  details  of  the  Lower  Bagshot  beds  given  on  p.  157  are  not 
continued  to  the  end.  Hence  the  section  now  offered  (^g.  1,  p.  445) 
must  be  fitted  on  to  the  west  end  of  the  generalized  section,  which 
gives  no  details  of  the  Lower  Bagshot  Beds,  but  merely  represents 
their  position  with  reference  to  the  London  Clay  and  Plateau-gravel. 
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The  generalized  section  serves  to  show  how  deeply  the  Bagshots  are 
•cut  into,  there  being  no  less  than  three  places  where  No.  3  is  cut 
through  to  the  level  of  the  line.  The  spot  where  the  old  section 
actually  terminates  is  a  few  yards  to  the  westward  of  the  third  gap, 
^here  the  plateaa-gravel  is  of  very  great  thickness. 

2.  CoKTunjATioN  Sectiok  (fig.  1), 

It  is  now  proposed  to  carry  the  original  section  300  yards  fhrther  to 
the  westward.  The  east  end  of  the  new  section  (fig.  1)  coincides 
with  the  boundary  between  Walton  Common  and  Oatlands  Park. 
For  the  space  of  45  yards  or  thereabouts  the  pale  buiff  sands  of 
No.  3  Bagshots  may  be  traced  beneath  the  immense  thickness  of 
plateau -gravel.  When  last  seen  (about  the  point  indicated  by  the 
arrow  in  fig.  1)  this  sandy  series  is  strongly  current-bedded,  with  a 
false  dip  of  7°  towards  the  west.  Then  occurs  a  kind  of  hiatus 
where  nothing  is  seen  but  portions  of  plateau-gravel.  Yet  a  little 
further  on  and  the  clays  of  No.  4  are  well  seen  on  the  bank-side, 
and  very  soon  at  least  12  ft.  of  these  beds  can  be  measured  on  the 
slope.  The  actual  junction  with  the  presumably  underlying  No.  3 
series  is  nowhere  visible  by  reason  of  the  extensive  denudation 
which  the  clay  series  has  undergone  towards  its  outcrop.  But 
eridence  of  the  former  extension  of  the  clay  series  in  this  direction 
may  be  seen  in  the  clayey  nature  of  portions  of  the  material  com- 
posing the  so-called  plateau-gravel  at  this  point  (n  in  ^,  1). 
Altogether  the  evidence  is  very  much  in  favour  of  the  clay  series 
resting  upon  the  sandy  series,  and  not  passing  into  it  by  a  process  of 
lateral  change,  as  is  stated  to  be  sometimes  the  case.  And  there  is 
an  additional  proof  of  the  truth  of  this  view,  that  for  some  distance 
beyond  gap  No.  4  the  line  remains  quite  dry,  as  thoiigh  the 
argillaceous  series,  so  visible  on  the  slope,  did  not  extend  quite 
down  to  the  level  of  the  permanent  way.  Presently  the  effects  of 
the  clay  begin  to  be  felt  upon  the  line,  and  throughout  the  remainder 
of  the  section  the  unballasted  portion  is  a  perfect  quagmire.  The 
influence  of  this  clay  is  felt  upon  the  line  considerably  farther  than 
the  section  extends,  owing  to  the  impermeable  surface  throwing  out 
aU  the  water  which  percolates  the  overlying  loose  sandy  series 
(No.  6).  There  is  an  appearance  in  the  upper  part  of  the  clay 
which  seems  to  indicate  erosion  previous  to  the  deposition  of  the 
overlying  sandy  series  (No.  5);  but  this  is  doubtful,  and  in  the 
present  state  of  the  section  it  is  impossible  to  clear  up  that  doubt 

3.  Composition  op  No.  4  Baoshots. 

Towards  the  east  end  thin  seams  of  a  pale-coloured  loam,  resembling 
the  so-called  pipe-clay,  form  the  upper  part  of  the  series,  alternating 
with  brownish  sands,  which  are  rather  coarser  in  the  grain  than 
those  of  No.  3.  Lower  down  these  seams  are  observed  to  be  thicker 
aud  the  clays  less  bleached.  As  we  proceed  westwards  the  blue 
heds  (4*)  occupy  the  slope,  and  the  greater  part  may  be  described  as  a 
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mass  of  brown  laminated  loams  with  bine  centres.  This  constituteff 
the  main  exposure,  where  sandy  intercalations  are  less  frequent. 
The  clay  is  greasy  to  the  touch  and  behaves  like  putty  when  first 
handled,  yet  when  dried  and  pulverized  it  is  found  to  consist  very 
largely  of  sand,  chiefly  quartzose,  but  with  a  fair  proportion  of 
glauconitic  granules.  Although  tenacious  and  impermeable  to  a 
very  high  degree,  it  is  doubtful  whether  these  beds  would  constitute 
a  good  brick-earth.  On  the  other  hand  these  loams  are  much  sought 
for  by  gardeners,  as  they  are  evidently  possessed  of  valuable  fertilizing 
properties.  The  glauconitic  granules  are  much  smaller  than  those 
of  the  Middle  Bagshots  of  St.  Anne's  Hill,  which  I  use  as  a  standard 
of  comparison,  and  the  periphery  of  the  individual  grains  is  less 
smooth.  On  the  other  hand  there  are  fewer  fractured  granules 
than  were  noticed  in  the  lower  beds.  Thus,  whilst  in  a  sample  from 
St.  Anne's  Hill  the  grains  average  ^  millimetre  in  longer  diameter, 
these  grains  are  certainly  less  than  one  fifth.  The  bluer  portions 
of  the  beds  contain  numerous  nodular  aggregates  of  sandy  pyrites, 
from  20-50  miUim.  in  length,  usually  in  association  with  fragments 
of  lignite. 

4.   ESMAINDEB  OF  THE  CuTTIHO. 

The  portion  above  described  was  the  last  excavated,  but  the 
widening  of  the  Hue  has  been  continued  as  far  as  Wey bridge  Station, 
and  the  works  are  now  completed  between  Walton  and  Weybridge 
Stations.  As  far  as  Haine's  Bridge  (mentioned  in  the  previous 
paper),  the  series  No.  5  maiutains  its  character  as  fine  buff  sand 
with  clay  laminations,  and  is  not  to  be  distinguished  lithologically 
from  No.  3  se^es.  In  fact  these  two  series  are  certainly  typical  of 
the  Lower  Bagshots  of  this  district,  and  both  of  them  must  be  of 
considerable  thickness.  The  bsse  of  the  clay  series  No.  4  may  be 
about  40  ft.  above  the  London-Clay  surface,  but  this  depends  very 
much  upon  the  behaviour  of  No.  1,  the  very  false-bedded  series. 
Above  No.  5  I  have  not  succeeded  in  distinguishing  any  series  at 
present,  because,  west  of  Haine's  Bridge,  the  exposures  during  the 
widening  were  not  of  a  clear  nature,  owing  to  the  methods  of  working 
adopted.  Bright  yellow  fine-grained  sands,  similar  to  those  so  well 
known  between  Wey  bridge  Station  and  the  river  Wey,  are  seen  for  the 
most  part ;  still  it  is  certain  that  even  in  this  portion  of  the  cutting 
there  occurs  a  certain  proportion  of  argillaceous  beds.  The  precise 
mode  of  development  of  these  Lower-Bagshot  clays  could  not  be 
ascertained,  but  I  was  led  to  suspect  that  they  form  small  basins 
of  argillaceous  matter  in  the  midst  of  the  sands.  The  exposures 
between  Haine's  Bridge  and  Weybridge  Station  would  lie  in  the 
very  heart  of  the  Lower  Bagshots,  here  estimated  by  Prestwich  at 
130  ft.  in  thickness. 

5.  The  Brice-£A.bth  of  Hatch. 

Thus  far  we  have  felt  our  way  carefully,  and  the  sequence  of 
the  Lower  Bagshots  in  the  railway-cutting  may  be  regarded  a» 
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settled  up  to  a  certain  point.  Henceforth,  if  we  would  further 
endeavour  to  study  the  development  of  the  Lo.wer  Bagshots  of  this 
part  of  West  Surrey,  it  will  be  necessary  to  take  a  leap  more  or  less 
in  the  dark.  We  leave  the  positive  for  the  inferential,  and,  what 
is  more,  we  find  ourselves  in  collision  with  the  Geological  Survey  as 
represented  in  their  mapping  of  the  ridge  known  as  Woburn  Hill 
between  Addlestone  and  Chertsey  (sheet  8  of  the  solid  geology  and 
surface  geology  of  London  and  environs).  This  Woburn  Hill,  or 
Woburn  Park,  as  it  is  sometimes  called,  constitutes  a  promontory  of 
Bagshot  Beds,  about  90  fb.  above  O.D.,  projecting  into  the  great 
mass  of  alluvium  and  valley-drift  at  the  junction  of  the  Thames  and 
Wey,  which  takes  place  about  30  ft.  above  O.D.  The  ridge  is  about 
two  thirds  of  a  mUe  in  length  from  E.N.E.  to  W.8.W.,  and  the 
upper  portion  is  composed  of  a  very  stiff  clay,  which  has  been  worked 
for  a  considerable  period  towards  its  western  extremity  at  Hatch 
Farm.  This  forms  a  portion  of  the  "  clays  most  extensively  deve- 
loped round  Addlestone  and  Chertsey,  where  they  attain  a  thickness 
of  10  to  20  feet,"  referred  to  by  Prof.  Prestwich  *  as  constituting 
part  of  his  Middle  Bagshot  beds.  It  is  not  to  be  denied  therefore  that 
the  mapping  of  the  Survey  in  respect  to  Woburn  HiU  has  the  sanction 
of  the  great  pioneer  of  Tertiary  geology  in  the  London  basin. 
Before  proceeding  to  express  my  doubts  on  this  point,  and  also  before 
proceeding  in  the  attempt  to  define  what  should  be  regarded  as 
Middle  Bagshots  in  this  part  of  West  Surrey,  I  propose  to  give  a 
description  of  the 

Hatch-farm  Clay-fit  (fig.  2,  p.  448). — ^The  pit  is  practically  a  trans- 
verse section  of  the  west  end  of  the  top  of  Woburn  Hill.  We  perceive 
at  once  that  the  brick-earth  does  not  occur  as  an  ordinary  seam  of  clay 
parallel  to  the  underlying  sand,  but  that  it  occupies  a  basin-shaped 
hollow  in  that  sand.  There  is,  in  fact,  every  reason  to  suppose,  from 
the  upward  curve  of  the  underlying  series,  that  we  simply  see  the 
transverse  section  of  a  lenticular  mass  of  clay,  which  on  the  north 
is  truncated  by  the  escarpment,  but  towards  the  south  has  the  appear- 
ance of  going  out  altogether.  Another  feature  in  the  brick-earth  is 
the  remarkable  amount  of  current-bedding  with  a  prevailing  southerly 
dip,  towards  the  centre  of  the  hollow,  in  fact ;  whilst  further  south, 
where  the  hollow  in  the  sand  is  less  pronounced,  the  laminations 
are  almost  horizontal. 

The  clay  of  this  pit  is  pretty  strong,  being  used  for  making  red 
bricks  and  stock  bricks,  whilst  the  presumably  Middle-Bagshot  clays 
of  Ongar  Hill,  worked  by  the  same  proprietor,  are  also  largely  used 
for  pipes  and  tiles.  The  blue  portions  of  the  day  are  full  of  flattened 
pyritous  lumps  of  a  different  shape  from  those  previously  noticed  in 
No.  4  of  the  Oatlands-Park  cutting,  and  there  is  an  abundance  of 
microscopic  crystalline  aggregates  of  pyrites  and  some  very  fine 
quartz-grains.  Carbonaceous  matter  ib  plentiful  throughout,  but 
glanconitic  granules  are  scarce  in  all  examples  examined  by  me. 
The  hill  itself  forms  one  of  the  stiffest  clay  soils  known  in  this  part 
of  the  country. 

»Q.  J.  G.  avoLui.  p.383. 
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6.  Fbobablb  OsoLoeiCAL  Posmoir  of  thb  Hatch  Bbioe-babth. 

In  attempting  to  fix  the  position  of  this  remarkable  loam,  or  brick- 
earth,  we  mnst  first  arrive  at  an  understanding  of  what  is  meant  by 
Middle  Bagshots.  A  casuist  might  argue,  because  Prof.  Frestwich 
speaks  of  the  clays  between  Addlestone  and  Chertsey  as  forming  the 
base  of  the  Middle  Bagshots,  that  in  point  of  fact  these  must  belong 
to  the  Middle  Bagshots,  whatever  the  position  of  other  beds  assigned 
to  that  series  may  be.  As  a  mere  logical  crux,  there  may  be  something 
to  be  said  for  this  view  of  the  case ;  but  geologists  will  have  no 
difficulty  in  admitting,  if  the  basal  beds  of  the  Middle  Bagshots  can 
be  shown  to  occur  on  a  higher  horizon  in  this  district,  and  if  such 
beds  have  been  recognized,  both  by  Prof.  Prestwich  and  the  Officers 
of  the  Geological  Survey,  as  forming  the  base  of  the  Middle  Bagshots, 
that  in  that  case  we  must  take  the  beds  usually  accepted  as  the  base 
of  the  Middle  Bagshots  for  our  standpoint,  and  then  see  if  the  Hatch 
brick-earth  or  loam  can  be  brought  into  alignment  with  them. 

Along  the  line  of  the  London  and  South- Western  Bailway  it  is 
clear,  according  to  the  meaning  both  of  Prestvrich  and  the  Survey, 
that  the  brick-earth  (loam)  worked  on  St.  George's  Hill  forms  part  of 
the  basal  beds  of  the  Middle  Bagshots — there  170  ft.  above  O.D. 
But  the  type  section  must  be  sought  in  the  cutting  on  Goldsworthy 
Hill,  where  Prof.  Prestwich  describes  the  basal  beds  of  the  Middle 
Bagshots  as  foliated  clays,  more  or  less  sandy,  having  a  thickness  of 
14  feet  and  resting  on  130  feet  of  **  Lower  Bagshot  Sands.*' 

We  are  not  now  discussing  the  question  as  to  what  are  the  best 
divisions  for  the  Bagshot  series  of  the  London  basin  taken  as  a  whole. 
The  real  issue  to  be  decided  at  present  is  whether  the  Hatch  brick- 
field is  in  alignment  with  the  basal  beds  of  the  Middle  Bagshots  as 
defined  by  Prestwich  in  the  Goldsworthy  cutting ;  if  it  is  below  that 
horizon  it  should  be  mapped  as  part  of  the  Lower  Bagshots  notwith- 
standing its  argillaceous  character  *.  I  am  disposed  to  think  that 
it  does  lie  below  the  basal  beds  thus  defined,  and  moreover  that  it 
di£Pers  somewhat  in  character  from  the  ba^  beds  of  the  Middle 
Bagshots  as  seen  in  the  clay-pit  on  St.  George's  Hill. 

The  considerations  for  determining  the  point  at  issue  are  partly 
stratigraphical  and  partly  lithological.  We  must  not,  I  admit,  place 
too  much  reliance  on  the  latter,  considering  the  variable  and  uncertsdn 
nature  of  such  accumulations.  I  would  merely  indicate  that  the 
general  character  of  the  standard  basal  days  of  the  Middle  Bagshots 
is  much  more  regular,  there  is  less  of  such  very  accentuated  false- 
bedding,  and  the  material  is  more  frequently  of  the  nature  of  a  pipe- 
clay. At  the  same  time  there  are  certain  well-known  features 
common  to  all  Bagshot  clays,  such  as  their  loamy  and  laminated 
character,  abundance  of  carbonaceous  matter,  and  other  conditions, 
all  pointing  to  considerable  similarity  in  origin.     Hence  we  must 

*  It  may  perhaps  be  a  legitimate  question  how  far  physical  peculiarities  should 
determine  the  mapping  of  a  series.  If  by  Lower  Bagshots  it  is  intended  to 
repreeent  sandy  beds,  and  by  Middle  Baeshots  loamy  or  clayey  beds,  then 
Wbbum  Hill  is  oorreotly  mapped.  But  alwough  this  arrangement  is  suitable 
to  the  economy  of  the  case  it  cannot  be  satisfactory  to  geologists. 
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not  expect  the  lithological  contrasts  to  be  strong  or  reliaHe  in  all 
cases.  The  standard  basal  clays  of  the  Middle  Bagshots  are  nothing 
more  than  a  repetition  on  a  higher  horizon,  and  over  a  more  extended 
area,  of  argillaceous  conditions  which  have  obtained  from  time  to 
time  throughout  the  so-called  Lower  Bagshots. 

The  stratigraphical  aspect  of  the  question,  as  to  the  geological 
position  of  the  Hatch  biick-earth,  presents  more  materied  for  our 
consideration,  though  I  am  willing  to  admit  that  the  evidence 
presently  to  be  adduced  is  not  absolutely  conclusive.  Before 
venturing  on  a  diagrammatic  section  across  country,  let  me  recall 
one  or  two  facts  in  connexion  with  the  Clay-pit.  The  lenticular 
character  of  the  deposit  is  obvious.  The  base  may  be  taken  at 
60  ft.  above  O.D.  where  the  mass  is  thickest,  and  this  is  about 
25  ft.  above  the  general  level  of  the  Thames  at  Chertsey.  There 
is  a  well  commencing  in  the  underlying  sand,  the  mouth  of  which 
is  about  75  ft.  above  O.D.  This  well  is  said  to  be  35  ft.  deep,  all 
in  sand,  and  had  9  ft.  of  water  in  January  1887.  This  makes  the 
water-line  in  that  part  of  Woburn  Hill  14  ft.  higher  than  the 
general  level  of  the  Thames  at  Chertsey.  Such  indications  point  to 
the  probability  of  clay  at  no  great  depth  from  the  bottom  of  the 
well,  since  the  well  can  hardly  be  deep  enough  to  reach  the  valley- 
water.  At  the  same  time  I  lay  no  very  great  stress  upon  this 
conclusion  ;  first,  because  the  various  levels  have  not  been  ascer- 
tained with  absolute  accuracy,  and,  secondly,  because,  in  a  Bagshot 
country,  the  water  is  often  held  up  so  curiously  and  so  capriciously 
as  to  make  us  shy  of  drawing  conclusions  therefrom. 

Leaving  the  question  of  water-lines,  let  us  consider  how  far  the 
general  question  of  levels  helps  us  to  fix  the  position  of  the  Hatch 
brick-earth.  With  this  object  I  now  venture  on  a  diagrammatic 
section  {fig.  3,  p.  453).  From  St.  Anne*s  Hill  to  the  northern  brow  of 
St.  George's  Hill  is  a  distance  of  5  miles,  N.W.-S.E.  St.  Anne's  Hill 
is  230  ft.  above  O.D.,  and  the  north  brow  of  St.  George's  Hill  is  245  ft. 
above  O.D.  Woburn  Hill  is  just  midway,  with  an  elevation  of  92  ft. 
as  a  maximum.  The  position  of  the  recognized  basal  beds  of  the 
Middle  Bagshots  is  very  well  known  on  St.  George's  Hill,  and  may 
be  placed  at  about  170  feet  above  O.D.  The  actual  position  of  these 
same  beds  at  St.  Anne's  Hill  is  not  quite  so  clear ;  but  from  general 
considerations  I  am  disposed  to  regard  this  hill  *,  in  its  normal  and 
unruined  condition,  as  having  the  following  composition : — 

*  It  Ib  evident  that  opinions  as  regards  this  hill  have  varied  at  different  timet. 
It  owes  its  existence  to  an  unusually  thick  deposit  of  Bagshot  pebble-gravel, 
which  occurs  quite  at  the  top  of  the  hill  and  presumably  at  the  junction  of  the 
Kiddle  and  Upper  Bagshots.  These  pebbles  are  sometimes  welded  together  as 
a  very  hard  conglomerate,  and  both  this  and  the  loose  pebbles  have  been  tumbled 
about  in  every  possible  direction.  St.  George  s  Hill,  on  the  other  hand,  is  quite 
different  in  shape,  and  owes  its  origin  to  a  strong  deposit  of  the  older  plateau- 
gravel. 

It  is  admitted  that  the  fixing  of  the  line  of  the  London  Olay  on  St.  Anne's 
Hill  is  somewhat  arbitrary,  and  seems  rather  opposed  to  the  results  of  the 
sinking  for  water  at  the  Holloway  sanatorium  (Whitaker,  op.  cit.  p.  66).  But 
as  we  read  of  passage-beds  (?)  into  the  London  Olay,  there  is  evidently  an  element 
of  uncertainty  in  vnt  Eeport. 
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feet. 

Bepated  Middle  Bagshots 60 

Lower  Bagshote 120 

London  Okiy 50 

Total  above  0.1) 230 

This  calculation  brings  the  base  of  the  Middle  Bagshots  in  St. 
Anne's  Hill  to  170  ft.  above  O.D. — a  level  almost  identical  with  that 
on  St.  George^B  Hill.  Making  due  allowance  for  errors  and  mis- 
calcnlations,  we  may  safely  say  that  the  levels  are  within  15  ft.  of 
each  other. 

A  glance  at  the  diagrammatic  section  (fig.  3)  at  once  makes  us 
inquire  why,  if  the  basal  beds  of  the  Middle  Bagshots  lie  so  high 
up  on  St.  George's  Hill  and  on  St.  Anne's  Hill,  they  should  have 
descended  so  low  in  Wobum  HiU,  which  lies  between  the  two.  In 
other  words,  is  the  mapping  of  Woburn  Hill  as  Middle  Bagshot 
justified? 

The  chief  point  for  our  consideration  is  whether  there  exists  any 
evidence  of  a  trough  between  St.  George's  Hill  and  St.  Anne's  Hill, 
produced  either  by  an  ordinary  syncline  or  by  erosion  of  a  pre-Bag- 
shot  surface.  If  there  is  no  evidence  of  such  a  trough,  then,  on 
stratigraphical  grounds,  the  Hatch  brick-earth  must  be  a  member  of 
the  Lower  Bagshots.  I  am  quite  prepared  to  admit  the  existence 
of  some  peculiarity  hereabouts,  because  the  Thames  suddenly 
changes  its  mean  direction  just  opposite  "Woburn  Hill,  recovers  its 
former  course  for  a  few  hundred  yards,  and  then  suffers  final  defieo- 
tion  to  the  E.N.E.  The  confluence  of  the  Wey  and  the  Thames 
marks  the  most  southerly  point  attained  by  the  principal  river; 
and  no  doubt  the  causes  which  induced  and  afterwards  arrested  the 
southerly  course  of  the  Thames  are  to  be  sought  in  the  nature  and 
disposition  of  the  beds  in  this  immediate  neighbourhood.  The 
Thames  was  probably  drawn  southwards  by  the  fall  in  the  London- 
Clay  surface,  since  it  was  much  easier  to  eat  away  the  loose  sands 
of  the  Lower  Bagshots  than  the  strong  blue  day  on  which  they 
rest.  Hence  the  most  southerly  point  of  the  Thames  valley  probably 
coincided  vrith  the  maximum  depression  of  the  London-Clay  surface 
on  the  flanks  of  the  main  valley.  But  the  cap  of  clay  on  what  is 
now  Woburn  Hill  helped  to  keep  together  the  incoherent  sands 
beneath ;  so  that  we  perceive  St.  Anne's  Hill,  Woburn  Hill,  and  St. 
George's  Hill  are  primarily  caused  by  a  capping  of  tenacious 
material  which  is  of  an  entirely  different  nature  in  each  case. 

We  are  quite  prepared  for  a  synclinal,  then,  if  it  can  be  proved 
to  exist ;  but  at  present  I  have  not  been  able  to  obtain  evidence  that 
such  is  tlie  case,  at  least  not  to  the  extent  necessary  to  bring  the 
Woburn-Hill  beds  into  alignment  with  the  basal  beds  of  the  Middle 
Bagshots.  At  the  same  time,  there  can  be  no  doubt  that  the  fall 
of  the  Bagshot  base  between  Walton  Common  and  the  River  Wey 
is  considerable.  Thus  at  the  eastern  extremity  of  the  formation  in 
this  district,  658  yards  west  of  Walton  Station,  the  Bagshot  base  is 
.85  ft.  above  O.D.,  whilst  near  the  railway-bridge  over  the  Wey  it 


Digitized  by  LjOOQ IC 


452  ICB.  W.  H.  HUBLESTOir  OK  TEX 

cannot  well  exceed  30  ft.  above  O.D.,  and  may  be  less.  We  have^ 
then,  a  fall  of  say  56  ft.  in  2|  miles  in  a  direction  from  E.N.E.  to 
W.B.W.,  which  serres  to  show  that  the  London-Clay  surface  falls  at 
the  rate  of  1  in  216  thronghont  the  portion  traversed  by  the  Londout 
and  South- Western  Eailway,  between  the  above-named  points. 
There  is  also  additional  evidence  that  the  London-Clay  surface 
continues  to  fall  very  slightly  still  further  down  the  line,  since  the 
Bagshot  base  at  Brookwood  is  21^  ft.  below  O.D.*.  But  the  above 
considerations  will  only  slightly  affect  a  line  drawn  from  St.  George's 
plateau  to  St.  Anne's  Hill  (fig.  3),  which  is  nearly  at  right  angles  to 
tiie  direction  of  the  main  L.  &  S.W.  Eailway. 

Hence,  we  are  not  entitled  to  assume  the  existence  of  a  marked 
synclinal  in  the  position  occupied  by  Wobum  Hill  on  the  evidence 
above  stated ;  whilst,  on  the  other  hand,  if  there  be  no  synclinal^ 
the  ascertained  position  of  the  recognized  basal  beds  of  the  Middle 
Bagshots  in  the  district  is  very  much  against  the  notion  that  the 
Wobum-Hill  Clay  (Hatch  brick-earth)  should  be  on  their  horizon«r 
At  the  same  time  I  am  ready  to  admit  that  the  base  of  the  Ongar- 
Hill  brick-earth,  about  two  miles  on  the  other  side  of  Addlestone, 
which  apparently  must  be  correlated  with  the  recognized  basal  beds- 
of  the  Middle  Bagshots,  cannot  be  much  more  than  100  ft  above 
O.D. ;  but  even  this  is  fully  40  ft.  higher  than  the  base  of  the 
Hatch  brick-earth,  and  more  in  the  direction  where  the  Bagshot 
base  is  undoubtedly  falling  f.  Altogether,  it  must  be  considered 
that  if  the  Hatch  brick-earth  belongs  to  the  Middle  Bagshots,  as 
indicated  on  the  Survey  Maps^  there  must  be  an  exceptional  condi- 
tion of  the  local  stratigraphy.  In  point  of  fact  we  are  faced  by  the 
following  difficulty: — Seeing  that  the  base  of  this  brick-earth  is 
about  60  feet  above  O.B.,  and  assuming  that  the  Lower  Bagshots 
retain  their  average  thickness  of  120  ft.,  we  should  have  the  London- 
Clay  surface  60  ft.  behw  O.D.  at  this  point.  It  is  for  those  who 
maintain  that  this  brick-earth  belongs  to  the  Middle  Bagshots  to 
bring  proof  of  this. 

Even  in  the  actual  valley  of  the  Thames  there  is  no  instance 
that  I  know  of,  on  the  Surrey  side,  where  the  London-day  surface 
sinks  below  O.D.  At  Chertsey,  in  the  heart  of  the  Thames-valley 
'^  shingle,"  the  London-Clay  surface  does  not  £all  below  Ordnance 
Datum,  though  it  approaches  very  near  it.  At  the  brewery,  where 
the  well-mouth  is  probably  44  &.  above  O.D.,  this  happens  to  be^ 
the  exact  thickness  of  the  superficial  beds,  thus : — 

ft. 

Surface-mould  and  loamy  clay     5 

Gravel  and  sand 35 

Dark  sand    4 

Total  of  beds  above  London  Clay    44 1 

*  W.  Wbitaker,  'On  some  Surrey  Wells  and  their  Teachings/ p.  47. 

t  The  day  beds  at  Onsar  Hill  and  the  adjacent  Row  Hill  afiord  a  remark- 
able instance  of  the  development  of  argillaceous  beds  in  the  Bagsbot  system » 
which  seems  to  point  to  considerable  variation  in  their  volume  and  importance^ 
eyen  on  a  well-recognized  horizon.  i  Wbitaker,  op,  cit.  p.  49. 
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Hence  at  Chertsey  the  London-Clay  surface  almost  coincides  with 
the  Ordnance  Datnm.  At  the  junction  of  the  Wey  and  Thames  I 
have  no  record,  hut  the  well-sinker  at  Oatlands  (Mr.  Gray)  considers 
that  the  "  blue  clay  "  will  not  be  quite  so  low  there  as  at  Chertsey. 
At  West  Molesey  the  London-Clay  surface  is  7  ft.,  and  at  Thames 
Ditton,  14  ft.  above  O.D.  If  these  places  in  the  valley  of  the 
Thames  itself  fail  to  afford  a  London-Clay  surface  below  O.D.,  how 
much  less  likely  is  it  that  the  flanks  of  that  valley  should  do  so  ? 
Unless  there  are  exceptional  circumstances,  of  which  we  have  no 
proof,  I  should  be  disposed  to  run  the  line  of  junction  between  the 
London  Clay  and  the  Bagshot  beds  in  Wobum  Hill  at  from  20  to  30 
ft.  above  O.D.  The  effect  of  this  would  be  to  bring  the  Hatch  brick- 
earth  comparatively  low  down  in  the  Lower  Bagshots,  and  pretty 
nearly  on  the  horizon  of  the  clays  distinguished  as  No.  4  of  the 
Walton-Oatlands  cutting.  Not  that  these  two  deposits  are  by  any 
means  to  be  regarded  as  continuous,  since  all  the  evidence  goes  to 
show  that  clays  occur  in  an  irregular  and  sporadic  fashion  through- 
out the  sandy  beds  of  the  Lower  Bagshots. 

7.  Conclusion. 

It  may  be  asked  why  so  much  importance  should  be  assigned  to 
the  position  of  these  Bagshot  clays,  or,  to  put  it  more  plainly,  why 
a  particular  brick-earth  should  be  relegated  to  the  Lower  rather 
than  to  the  Middle  Bagshots. 

There  are  two  principal  answers  to  this  question.  First,  that  we 
should  not  neglect  any  opportunity  of  studying  the  Lower  Bagshots  of 
the  London  Basin,  with  a  view  to  ascertaining  their  composition 
and  development  throughout  the  district.  The  term  "  Lower  Bag- 
shot  Sands,"  applied  by  some  people,  is  thoroughly  misleading,  as 
lithological  terms  usually  are  in  such  cases.  But  altogether  apart 
from  the  question  of  nomenclature,  there  arises  a  desire  to  possess  a 
more  complete  knowledge  of  these  curious  beds.  The  more  they  are 
studied  under  favourable  opportunities  and  without  prejudice,  the 
less  we  shall  hear  of  a  passage  between  a  uniform  deposit  with 
marine  organisms,  like  the  London  Clay,  and  the  irregular,  current- 
bedded  sands,  loams,  and  clays  which  constitute  the  beds  usually 
known  as  the  Lower  Bagshots.  At  present  we  really  know  very 
little  of  the  junctions  between  the  London  Clay  and  the  Bagshot 
Beds;  since  those  of  well-sections  are  not  very  satisfactory, 
owing  to  the  different  appearance  which  the  same  beds  are  apt  to 
present  under  a  different  state  of  oxidation,  and  also,  in  some 
cases,  to  the  unfitness  of  those  who  have  to  prepare  the  sectional 
reports. 

The  second  answer  to  the  inquiry,  as  to  the  utility  of  these 
investigations,  is  mainly  derived  from  the  following  consideration, 
viz. :  that,  until  observers  fairly  realize  the  existence  of  important 
masses  of  clay  and  loam  in  the  division  usually  known  as  the  Lower 
Bagshots,  wo  shall  be  continually  finding  beds  referred  to  the 
Middle  Bagshots  which  stratigraphicaUy   do  not  belong  to  them* 
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In  thiB  way  a  speciee  of  speculative  stratigraphy  is  enootoragedy 
which  has  no  real  foundation  exoept  in  similar  misconceptions. 
Thus,  true  progress  towards  a  correct  understanding  of  the  history 
and  oonstitution  of  the  London  Basin  is  retarded. 

With  reference  to  the  subject  of  mapping,  if  it  is  proposed  that 
all  argillaceous  outcrops  shall  be  coloured  as  Middle  Bagshots,  tiiat 
is  a  question  which  must  be  settied  elsewhere.  But  if  this  is  the 
liew  taken  by  the  authorities  in  charge  of  these  matters,  it 
obviously  implies  a  redassification  of  the  entire  Bagshot<  system. 

DiscTJBSioir. 

The  Pbesident  congratulated  the  Author  on  the  light  he  had 
thrown  on  the  relations  of  the  Eocene  beds  near  Weybridge.  He 
thought  that  the  lenticular  character  of  the  beds  of  thb  age  in  both 
the  Hampshire  and  London  basins  had  been  dearly  shown. 

Mr.  Whitaiek  said  Mr.  Hudleston's  section  of  the  Hatch-Farm 
Clay-pit  suggested  a  synclinal,  though  probably  the  hollow  was  one 
of  erosion. 

The  junction  of  the  London  Clay  and  the  Bagshot  Beds  in  the 
Walton-Common  section  was  singularly  abrupt;  as  a  rule  those 
formations  passed  into  each  other.  The  term  Bagshot  Beds  was 
preferable  to  Bagshot  Sands,  for  the  character  varied.  There  was 
more  clay  to  the  west,  in  the  Hampshire  Basin,  and  especially  in 
DorsetsMre. 

Mr.  Ibvuto  gave  some  details  of  a  section  at  Highclere  to  show 
the  transition  between  London  Clay  and  Bagshot.  The  section 
through  Woburn  Hill,  if  drawn  to  true  scale,  would  show  the 
fiynclinal  to  be  very  shallow.  The  Hatch  section  appeared  to  be  a 
mere  case  of  "contemporaneous  erosion  and  filling  up," 

Mr.  Hebbies  said  he  had  seen  no  clays  in  the  Bagshot  Beds 
like  those  of  Woburn  Hill;  but  they  resembled  the  basement  bed  of 
the  Middle  Bagshot  more  than  any  others.  He  was,  however,  in- 
clined to  think  Mr.  Hudleston's  conclusions  were  right,  but  thought 
judgment  should  be  suspended  till  the  nature  of  tiie  upper  part  of 
the  hill  was  known.  It  had  been  said  that  the  chalk  surface  and 
the  beds  above  it  were  irregular ;  if  so^  there  might  be  a  local  syn- 
clinal here,  quite  distinct  from  the  general  basin-shape  of  the  dis- 
trict. Again,  day  conditions  might  have  set  in  earlier  here,  so  as 
to  cause  a  great  devdopment  of  Middle-Bagshot  clays  at  the  expense 
of  the  sands  of  the  Lower  Bagshot.  He  agreed  with  Mr.  Hudleston's 
view  of  the  Walton-Common  section. 

Mr.  HiTDLESTON  Said  the  suggestion  of  a  great  development  of 
Middle  Bagshot  was  difficult  to  prove  or  disprove.  The  curve  made 
by  the  Thames  at  this  point  might,  however,  be  due  to  a  depres- 
sion of  the  Bagshots.  The  presence  of  passage-beds  in  a  different 
district,  as  described  by  Mr.  Irving,  did  not  necessarily  throw  any 
light  on  the  conditions  prevailing  near  Weybridge.  In  some  cases 
the  days  of  the  Lower  Bagshots  might  have  been  mistaken  for 
London  Clay. 
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If  iihe  London  Clay  passed  into  the  Bagshots  there  was  an  end  to 
the  unconformity  for  which  Mr.  Irving  contended. 

Mr.  Ibthto  said,  in  explanation,  that  he  had  only  a^ued  that 
there  was  unconformity  on  the  margins  of  the  area.  The  case 
he  had  mentioned  confirmed  the  well-sections  he  had  previously 
quoted.  There  is  no  such  passage  in  the  surface-sections  on  the 
north  side. 

Mr.  Httdlestok  was  glad  Mr.  Whitaker  thought  that  the  Hatch 
brick-earth  on  Wobum  Hill  might  be  Lower  Bagshot,  and  heartily 
agreed  with  his  objections  to  the  term  Bagshot  8ands. 
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33.  On  Nephblinb-Bogxb  in  Brazil,  toith  Spsoiax  Rbfbbeitos  to  the 
AssoGiATioir  of  Phokolitb  and  Fotaite.  By  Oryillb  A. 
Dbkbt,  Esq.,  F.G.S.    (Read  June  22, 1887.) 

The  nepheline-rockB  heretofore  recognized  in  Brazilian  territory 
are  the  phonolites  and  associated  basalts  of  Fernando  Noronha,  a 
deep-sea  island  off  the  north-eastern  shoulder  of  the  continent,  in 
lat.  3°  5'  8.,  long.  32°  24'  19"  W.,  the  volcanic  nature  of  which 
appears  to  have  been  first  recognized  by  Darwin  in  the  '  Voyage  of 
the  Beagle'*.  Recently  a  single  small  pebble  from  the  little- 
known  island  of  Trinidade,  in  lat.  20*^  31'  S.,  long.  29°  19'  W.,  has 
come  into  my  hands,  showing  that  phonolite  of  somewhat  different 
character  from  that  of  Fernando  Noronha  occurs  at  that  place 
also. 

Recent  investigations  have  shown  that  nepheline-rocks  of  a 
somewhat  different  character  are  also  abundantly  developed  on  the 
mainland,  and  in  such  favourable  conditions  as  to  throw  Hght  on 
the  relations  of  the  granitic  type  of  foyaite  or  elaeolite-syenite  to 
the  other  members  of  the  group.  The  localities  in  which  they  have 
thus  far  been  recognized  are  situated  in  the  Provinces  of  Rio  de 
Janeiro,  Sao  Paulo,  and  Minas  Geraes,  and  their  relative  position 
and  relation  to  the  main  orographic  lines  of  the  region  in  which 
they  occur  are  shown  in  the  accompanying  sketch  map  (fig.  1).  Three 
of  these  localities,  Campo  Grande,  Gabo  Frio,  and  the  peak  of  Tingua, 
are  in  the  immediate  vicinity  of  Rio  de  Janeiro,  the  latter  being  in 
the  Serra  do  Mar  range,  the  two  former  among  its  foot-hills. 
Further  south  another  set  of  localities  occurs  in  the  same  range 
in  the  valley  of  the  river  Iguape.  In  the  Mantiqueira  range  the 
peak  of  Itatiaia  (3000  metres  high,  and  the  highest  mountain  of 
eastern  South  America)  and  one  or  more  other  high  peaks  in  the 
neighbourhood  are  composed  of  these  rocks,  which  occur  also  in  the 
Serra  do  Bocaina,  a  spur  of  the  Serra  do  Mar  range  on  the  opposite 
side  of  the  Parahiba  valley.  The  other  two  localities  are  the  Pocos 
de  Caldas  (hot  springs),  on  the  southern  margin  of  the  great 
westward  expansion  of  the  mountainous  area  which  connects  the 
coast  range  through  the  Serra  do  Canastra  with  the  central  range 
of  Goyag,  and  Itamb^  in  the  Serra  do  Espinhaco  range,  a  northward 
extending  branch  of  the  Mantiqueira.  As  little  more  than  a  year 
has  elapsed  since  attention  was  first  directed  to  these  rocks,  and  as 
the  first  knowledge  of  their  existence  in  these  different  localities 
was  obtained  almost  casually,  it  may  reasonably  be  supposed  that 

*  A  few  of  the  Feniando-NoronhA  rooks  are  described  by  Benard  (Boll,  de 
I'Acad.  de  Belgique,  iii.  1882).  A  very  complete  collection  made  by  Mr.  J.  C. 
Braimer  for  the  Gleologioal  Commiesion  of  Brazil  has  been  placed  in  the  hands 
of  Prof.  G.  H.  Williams  for  stody. 
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future  investigation  will  give  them  a  very  considerable  extension 
beyond  the  limite  above  indicated  *. 

At  the  Cabo-Erio  locality,  a  rocky  island  about  three  miles  long 
and  400  metres  high  is  composed  almost  exclusively  of  foyaite  of 
two  distinct  types,  the  least  abundant  of  which  is  referred  by  Prof. 
Bosenbusch,  who  has  kindly  undertaken  a  microscopic  examination 
of  these  rocks,  to  nepheline-bearing  augite-syenite.    A  smgle  point 

Pig.  1. — Skeidi  Map  of  parts  of  the  Provinces  of  Bio  de  Janeiro, 
Sao  Fauloj  and  Minos  Geraes. 


of  the  island  is  occupied  by  a  considerable  mass  of  felspathic  tuff. 
The  adjoining  mainland  is  composed  of  gneiss  cut  by  numerous  dykes 
of  phonolite,  basalt,  amphibolite,  diabase,  and  other  rocks.  A 
detailed  description  of  this  important  locality  is  deferred  for  a 
future  paper.  At  the  Campo-Grande  locality  a  network  of  dykes  of 
diabase,  phonolite,  trachytes,  and  various  kinds  of  basalt,  one  oi 
which  is  limburgite,  occur  in  gneiss  in  the  railway-cuttings.    Judging- 

*  Siooe  the  aboTO  was  written,  I  find  the  oocurrenoe  of  nepheline  basalt 
reported  by  Pohlman  from  Paraguay  ('  Neues  Jahrbudi,'  1886,  toI.  i.  p.  244)^ 
-which  makes  it  probable  that  the  group  of  rooks  here  considered  will  be  found 
alEo  in  the  Brazilian  highlands  bordering  the  Paraguay  basin. 
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from  analogy  -with  other  places  examined,  there  should  be  some-- 
where  in  the  neighbourhood  some  central  mass  from  which  these 
dykes  of  phonolite,  trachyte,  and  basalt  radiate  ;  and  an  examination 
of  the  hills  in  the  vicinity  will  probably  repeal  such  a  centre.     It  is 
possible,  however,  that  they  should  be  referred  to  the  emptive  mass- 
of  the  peak  of  Tingua,  which  is  about  20  miles  distant.     Here  only 
the   lower  portion  of  a  single   spur  has  as  yet  been  examined; 
this  is  composed  of  foyaite  similar  to  that  of  the  principal  masa 
of  Cabo  Erio,  resting  upon  gneiss.     That  it  has  not  the  character 
of  a  dyke  in  the    plaoe   examined,  is   proved   conclusively    by 
a  tunnel  some  400  metres  long,  which  has  been  cut  through  the 
spur  from  side  to  side.     Gneiss,  cut  by  small  dykes  of  basic  rocks, 
occurs  throughout  the  tunnel  and  for  a  few  metres  above  its  mouth 
at  both  ends,  but  the  surface  of  the  spur  above  the  Hne  of  the 
tunnel  is  occupied  exclusively  by  foyaite.     Small  dykes  of  basalt 
similar  to  those  of  Campo  Grande  and  of  a  trachytic  rock  occur  ;  but 
thus  far  they  have  only  been   seen  in   the  gneiss.     The  only 
phonolite  seen  is  in  a  large  boulder  or  projecting  point  in  the  midst 
of  a  foyaite  area ;  it  presents  the  appearance  of  a  dyke  about  two 
metres  wide,  with  a  sharp  line  of  demarcation  between  it  and  the 
foyaite,  which   adheres  to  both  sides.     The  phonolite  is  thickly 
spotted  with  inclusions  or  segregations  of  foyaite  similar  to  that  of 
the  sides,  of  all  sizes  up  to  an  inch  or  more  in  diameter.     The 
cross  sections  of  these  inclusions  show  a  tendency  to  geometrical 
forms,  appearing  like  sections  of  crystals  *.     The  appearance  is  that 
of  a  dyke  which  had  caught  up  fragments  of  the  enclosing  rock ;  but 
the  regularity  of  the  distribution  of  the  inclusions  and  their  similarity 
of  form  is  against  this  view,  while,  on  the  other  hand,  the  phenomena 
to  be  described  below  from  the   Caldas  locality  make  it  seem 
plausible  to  suppose  that  the  phonolite  is  a  portion  of  the  original 
magma  that  has   escaped   complete   crystallization,  and  that  the 
inclusions  are  crystallized  segregations  in  the  midst  of  it.     A. 
petrographical  study  will  doubtless  determine  which  view  is  correct. 
The  great  mountain  mass  of  Itatiaia,  rising  about  2500  metres 
above  its  base,  is  made  up  for  the  most  part  of  a  variety  of  foyaite 
which  has  more  of  the  granitic  aspect  than  the  prevailing  rock  at 
Tingua  and  Cabo  Prio,  and  which  has  only  been  met  with  in  a 
subordinate  mass  at  the  latter  place,  referred,  as  already  stated,  to 
nepheline-bearing  augite-syenite  by  Prof.  Kosenbuschf.     Foyaite 
of  the  ordinary  type  is  also  known  to  occur  there,  as  likewise  an 
aphanitic  rock,  which  may  be  considered  a  phonolite  or  a  fine- 
grained foyaite.     As  the  excursion  to  this  peak  was  made  before 
my  attention  was  drawn  to  the  group  of  rocks  here  considered, 
many  other  types  doubtless  passed  unnoticed.     The  neighbouring 

*  A  similar  inclasion  of  foyaite  in  the  phonolite  of  Fernando  Noronha  was 
foand  in  a  speoimen  from  that  place,  when  no  large  masses  of  foyaite  were  met 
with  in  a  careful  examination  of  the  island.  Prof.  Roeenbusch,  to  whom  a  chip 
was  submitted,  regards  it  as  an  included  fragment  of  an  older  rock. 

t  A  specimen  of  this  rock  dven  to  Mr.  Henry  Bauer,  of  Iguapd,  was  sent  by 
him  to  the  late  Prof.  LasaiQx,  who  described  it  in  a  recent  number  of  the 
'  Sitzungsbericht  der  niederrheinischen  G^eellschaft/  Bonn.  This  is  the  firsfr 
published  notice  of  the  occurrence  of  these  rocks  in  Brazil. 
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peak  of  Piou  is  known,  from  specimens  collected  in  the  bed  of  a  stream 
flowing  from  it,  to  contain  a  yariety  of  types  of  foyaite  and  other 
nepheline-bearing  rocks ;  and  another  prominent  peak,  called  Itajubd, 
in  the  same  vicinity  and  in  the  same  range  is,  jndging  from  its 
topographical  features,  of  similar  structure.  The  Bocaina  locality  is 
only  known  to  me  by  a  specimen  of  foyaite  brought  from  there 
some  years  ago  by  the  director  of  the  National  Museum  when  on  a 
botanical  excursion. 

The  Iguape  refzrion  is  only  known  to  me  through  specimens  kindly 
ifornished  at  various  times  by  a  German  engineer,  Mr.  Henry  Bauer, 
who  has  given  considerable  attention  to  the  collection  and  study  of 
the  rocks  of  his  district.  They  include  several  peculiar  types  not 
yet  known  from  other  localities;  and  suspecting  that  they  were 
associates  of  foyaite,  I  requested  Mr.  Bauer  *  to  search  for  that 
rock,  which  he  has  recently  found  at  a  place  called  Jacupiranga. 
Nepheline-bearing  rocks  also  occur  in  the  vicinity  of  Xiririca 
further  up  the  valley,  and  there  are  reasons  for  supposing  that  a 
number  of  other  localities  will  be  found  in  that  r^on.  The  Itamb^ 
locality  is  only  known  by  a  specimen  in  the  National  Museum  of  Rio 
de  Janeiro,  sent  many  years  ago  by  the  German  geologist  Eschwege, 
under  the  name  of  diorite,  and  which  is  pronounced  by  Prof.  Eosen- 
buBch  to  be  a  fine  example  of  nephelinite. 

A  cursory  examination  of  some  of  the  localities  above  mentioned 
having  shown  an  apparent  and  hitherto  unsuspected  relation 
between  foyaite,  phonolite,  trachyte,  tufiF,  and  certain  types  of  basalt, 
I  determined  to  visit  the  Caldas  region,  from  which  a  specimen 
intennediate  in  character  between  foyaite  and  phonolite  had  come 
into  my  hands,  and  where  a  railway  under  construction  gave 
unusual  facilities  for  examining  this  series,  while  the  proximity 
of  a  sedimentary  formation  of  palaeozoic  age  gave  hopes  of  ob- 
taining some  idea  of  its  geological  age.  A  splendid  development 
of  foyaite,  phonolite,  and  tuff  was  found  associated  with  several 
types  that  have  not  yet  been  met  with  in  the  other  localities. 
The  tephritic  basalts  which  characterize  the  other  places  are  repre- 
fiented  by  leucite-basalt  and  by  a  peculiar  rock  having  the  external 
aspect  of  a  diabase,  in  which  plagioclase  is  the  predominant  element, 
and  which  I  suspect  will  prove  to  be  teschenite.  Trachytes,  if 
represented,  only  appear  in  dykes  too  much  decomposed  for  accurate 
determination. 

The  Mogyana  railway,  starting  from  Campinas  in  the  province  of 
Sao  Paulo,  runs  near  the  margin  of  the  mountainous  plateau  of 
southern  Minas  Geraes  and  the  sedimentary  plateau  of  Sao  Paulo. 
The  former,  composed  of  gneiss  and  metamorphic  schists,  has  a 
mean  elevation  of  from  1000  to  1200  metres ;  the  latter  composed  of 
horizontal  strata  of  shale,  sandstone,  and  limestone,  cut  by  numerous 
and  large  dykes  of  diabase,  varies  in  elevation  between  600  and  1000 

*  Among  the  rocks  sent  me  by  Mr.  Bauer  is  oliyine-basalt  (limburgite).  In 
the  other  two  localities  in  which  it  is  known  (Campo  Grande  and  £ngua)  it 
occurs  also  in  connexion  with  the  group  of  nepheBne  rocks  here  considensd, 
and  it  may  be  suspected  that  the  relation  is  not  purely  accidental. 
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metres,  the  highest  of  the  denudation-ridges  in  the  part  here  con- 
sidered rising  to  a  little  over  700  metres.  The  geological  age  of 
this  plateau  has  only  in  part  been  determined.  The  lower  beds  are 
«oft  shales  and  sandstone  with  flaggy  siliceous  limestones,  which 
last  are  remarkably  persistent,  having  been  found  across  nearly  the 
whole  width  of  the  Provinces  of  8ao  Paulo  and  Parana,  a  distance 
of  about  300  miles.  The  limestone  has  afforded  fossil  reptiles,  wood, 
and  a  few  unsatisfactory  shells,  all  of  which  indicate  Upper  PaleBozoio 
{Carboniferous  or  Permian)  age.  The  most  satisfactory  fossils  are 
the  silicified  woods,  which  include  Lepidodendroids,  conifers  of  the 
DadUMffyhn-type  (conifers  with  a  single  row  of  pores  also  occur),  and 
ferns  of  the  type  of  Psaronitu.  Above  the  limestone  come  heavy 
beds  of  sandstone  with  intercalations  of  a  melaphyre-like  rock,  often 
porphyritic  and  amygdaloidal,  which  has  not  afforded  fossils,  but  is 
presumably  Permian  or  Triassic.  The  railway  for  some  distance 
out  from  Campinas  is  at  times  on  the  sedimentary  series,  at  times 
among  gneiss  hills  of  the  mountainous  zone ;  but  after  crossing  the 
river  Mogyguassu  the  latter  disappear  and  the  main  line  to  Casa 
Branca  follows  a  flat-topped  sedimentary  ridge  between  that  river 
and  the  Rio  Pardo,  leaving*  the  Caldas  group  of  mountains,  which 
lies  between  the  head-waters  of  these  two  rivers,  to  the  eastward. 
The  Caldas  branch  runs  over  the  sedimentary  series  to  within  about 
10  miles  of  the  foot  of  the  mountain,  where  it  disappears,  giving 
way  to  the  gneiss  foot-hills.  Sedimentary  rocks,  however,  appear 
in  a  narrow  belt  along  the  foot  of  the  mountain,  and  it  is  probable 
ihat  the  interruption  above  noted  is  due  to  the  fact  that  the  railway 
follows  the  bottom  of  a  valley,  and  that  on  the  heights  on  either 
jside  the  sedimentary  strata  extend  continuously  to  the  mountain. 
At  all  events  there  are  no  reasons  for  supposing  that  the  beds  at  the 
foot  of  the  mountain  belong  to  a  different  series  from  those  further 
Awajy  whose  geological  age  is  fixed  by  the  occurrence  near  Casa 
Branca  of  limestones  with  characteristic  fossils. 

The  railway  ascends  the  mountain  on  one  side  of  the  valley  of  the 
'Corrego  (brook)  do  Quartel,  rising  in  a  distance  of  18  kilometres 
from  820  metres  at  the  Prata  station  to  1270  metres  at  the  summit. 
The  eruptive  series  begins  to  appear  about  2  kilometres  from  the  foot 
of  the  serra  in  a  cutting  near  the  Prata  bridge,  where  a  greenish 
spotted  phonolite  appears  associated  with  gneiss.  Then  follow  a 
few  low  cuttings  of  sandstone  of  no  special  interest.  The  ascent 
Tproper  commences  with  the  passage  of  a  narrow  gap  between 
magnificent  cliffs  of  sandstone  rising  about  50  metres  above  the 
Toad-bed.  This  gap  is  cut  through  a  narrow  ridge  set  like  a  wall 
across  the  end  of  the  rather  broad  valley  of  the  Quartel.  The 
sandstone  is  a  very  hard  fine-grained  white  rock,  broken  by  joints 
into  small  angular  fragments,  and  is  very  similar  in  appearance  to 
flome  of  the  beds  of  quartzite  (itacolumite)  of  the  metamorphic  series, 
and  quite  unlike  the  ordinary  sandstones  of  the  sedimentary  group 
above  described.  That  its  relations  are  with  this  group  rather  than 
with  the  older  one  is,  however,  proved  by  thin  beds  of  soft  clay- 
shales  intercalated  in  it  near  the  base  along  with  a  thin  layer  of 
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chert,  this  last  being  a  very  characteristic  featnre  of  the  Carboniferoti& 
series  of  Sao  Paulo.  No  fossils  could  be  found,  and  its  complete- 
identity  with  the  Carboniferous  series  could  not  be  satisfact-orily 
established,  since  it  is  possible,  though  not  very  probable,  that  two 
distinct  formations  in  this  region  may  be  characterized  by  cherty 
layers.  K  it  is  distinct  I  am  very  strongly  of  opinion  that  it 
will  prove  to  be  older  rather  than  newer.  The  beds  are  inclined  at 
an  angle  of  15°  to  the  eastward  (away  from  the  mountain),  strike 
N.  20^  W.  So  high  an  inclination  is  unusual  in  the  series  to  which 
this  rock  is  referred,  which,  whenever  it  has  been  examined,  is  essen- 
tially horizontal  or  with  only  slight  local  inclination.  As,  however, 
the  eruptive  activity  of  this  region  continued  after  the  sandstone 
was  deposited,  the  disturbance  may  be  regarded  as  local.  Passing 
the  gap  the  road  bends  round  and  follows  the  base  of  the  ridge, 
cuttings  in  sandstone  appearing  for  a  distance  of  two  or  three  kilo- 
metres. In  some  of  these  the  rock  is  seen  to  pass  into  a  tuffaceous 
conglomerate  containing  pebbles  of  quartzite,  and  pebbles  and 
boulders  of  eruptive  rocks.  A  peculiar  feature  of  this  conglomerate- 
is  the  presence  of  abundant  and  often  large  masses  of  brown  mica, 
which,  from  its  occurMQice  in  masses  of  considerable  thickness  and  of 
almost  perfect  crystalline  form,  not  in  detached  flakes,  must  have 
been  formed  in  place  after  the  coarser  material  of  the  rock  was- 
deposit'Cd. 

In  the  cuttings  both  the  sandstone  and  the  conglomerate  are  con- 
siderably decomposed,  and  the  contact  is  not  perfectly  clear.  In  one, 
sandstone  is  seen  above,  conglomerate  below,  with  no  apparent  line 
of  demarcation  between  them,  although  the  passage  from  coarse  con- 
glomerate to  fine-grained  and  homogeneous  sandstone  is  an  abrupt 
one.  That  an  actual  passage  occurs  seems  to  be  confirmed  by  the 
fact  that  in  the  coarser  parts  of  the  conglomerate,  and  near  the 
supposed  contact,  the  cement  is  extremely  quartzose,  whereas  further 
away  and  in  the  finer  portions  the  eruptive  elements  predominate 
in  the  cement,  and  the  same  rock  with  its  characteristic  crystals  of 
mica  presents  the  aspect  of  an  ordinary  tuff.  The  predominant 
types  among  the  boulders  of  the  conglomerate  are  two  rocks  which 
were  not  found  satisfactorily  exposed  in  gitu.  One  has  the  external 
aspect  of  a  moderately  coarse-grained  diabase,  which,  under  the 
microscope,  shows  remarkably  fresh  plagioclase  as  a  predominant 
element,  the  other  elements  being  altered  beyond  recognition  by  me, 
and  in  a  manner  which  I  have  never  seen  in  any  diabase.  From 
its  behaviour  with  acids  it  appears  to  contain  nepheline,  in  which 
case  it  is  probably  a  teschenite.  The  other  rock  common  in  the 
boulders  seems  to  me  to  be  a  somewhat  altered  phonolite,  but,  if  so, 
it  is  much  richer  in  iron  than  any  undoubted  phonolite  that  I  have 
examimed.  Undoubted  spedmens  of  phonolite  also  appear  in  the 
conglomerate. 

In  one  of  the  cuttings  in  sandstone  a  dyke  of  phonolite  occurs, 
also  a  dyke  of  a  rock  too  much  decomposed  for  positive  recognition, 
but  which  appears  to  be  identical  with  the  diabase-like  rock  of  the 
boulders.     In  another  cutting  in  conglomerate  there  is  an  inclined 
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dyke,abont  9  fnetres  wide,  which  isof  extreme  interest  (fig.  2).  Owing 
to  decomposition,  only  detached  fragments,  still  tn  situ,  of  perfectly 
sound  rock  cbtdd  be  obtained,  those  near  the  miargins  being  typical 
^honolite,  those  Hear  the  centre  foyaite  eqnally  typical.  Another 
case  of  the  {Heripheral  development  of  phonolite  as  a  phase  of 
foyaite  will  be  mentioned  hereafter. 

Pig.  2. — S^ion  of  Decomposed  Dyke  in  cutting ,  Corrego  do  Quarteh 


9m. 

a.  Decomposition-nodules  of  phonolite  in  decomposed  dyke. 
h.  Deoompontion-ifodules  of  foyaite  in  decomposed  dyke. 
0.  Decomposed  mioaoeo|is  conglomerate. 

I 

'  Leaving  the  sandstone  and  conglomerate  area  at  an  elevation 
of  about  900  metres,  which  is  presumably  about  its  highest  level,  the 
road,  while  following  in  general  a  nearly  straight  line  for  about  10 
kilometres  to  th6  Casoata  station,  near  the  summit  winds  about  for 
a  considerable  space  marked  off  by  lateral  valleys,  in  which  the  road 
makes  long  and  sharp  bends  to  the  eastward.  The  extreme  points 
of  these  bends  are  marked  by  the  Pinhalzinho  culvert,  the  tunnel 
and  viaduct,  the  intenrening  distances  being  3^  and  2  kilometres. 
In  the  U-shaped  bends  of  Pinhalzinho  and  of  the  tunnel  and  viaduct, 
where  the  road  crossing  the  lateral  valleys  enters  most  into  the 
material  of  the  mountain,  nepheline-rocks  alone  are  found,  while 
along  the  projecting  portion  of  the  lower  space  a  dark-coloured 
basic  rock  with  prominent  crystals  of  pyroxene  is  exposed  in  several 
considerable  cuttings.  This  is  in  general  totally  decomposed,  showing 
only  rarely,  in  spots,  stony  nuclei  of  a  mottled  bluish  and  brownish 
colour  and  heavily  charged  with  white  zeolites;  but  in  all  cases  the 
outlines  of  the  pyroxene-crystals  are  sufSciently  well  preserved  to 
^erve  for  its  ready  identification.  Iii  6ne  cutting  only,  between  the 
tiimiel  and  Pinhalzinho,  is  the  rock  perfectly  preserved.  Two 
typfes  are  her6  presented :  one  is  a  jet-black  basalt,  which,  according 
to  a  note  kindly  furnished  me  by  Prof .  Eosenbusch,  is  a  leucitite  ; 
I5he  other  is  k  bkush- black  tuifaceous  rock  containing  pebbles  up  to 
the  riize  of'tii^  first  of  the  leucitite,  but  as  it  also  contains  prominent 
crystals'  of  pyroxene,  the  two  rocks  cannot  be  distinguished  in  the 
decomposed  masses.  Th^  relations  of  these  basic  rocks  to  the 
nepheBife-seri'es'ift  shown  in  two  cuttings  between  the  tunnel  and 
^Q  Viaduct,  represehted  in  the  annexed  sketches  (fig.  3).  Both  rocks 
are' much' decbiirposed,  but  in  spots  are  sufficiently  preserved  to  make 
tiieir  'ideiitificatiori  perfectly  certain,  while  owing  to  the  marked 
difference' in  colour  Of  the  decomposition-products  the  line  of  contact 
is  remarkably  sharp.  I  could  not  make  out  satisfactorily  whether 
the  leucite-^rock  was  originally  a  basalt  or  a  tuff.     The  appearance 
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is  suggestive  of  denuded  hills  of  leucite  rock  buried  beneath  a  flow 
of  pbonolite.  The  former  rock  occurs  in  the  little  valley  between  the 
two  cuttings,  the  relative  position  of  which  is  very  much  as  repre- 
sented in  the  figure,  so  that  it  is  probable  that  the  two  majBses  are 
connected  underneath  a  capping  of  pbonolite.  The  peculiar-shaped 
detached  mass  in  the  leftr-hand  figure  can  hardly  be  a  dyke,  and  is 

Fig.  3. — Sections  on  Railway  near  Pinhahinho. 


a.  Becompoaed  leuoite  roek. 

b.  Decomposed  phonolite. 

perhaps  a  fallen  boulder  enveloped  in  the  phonolite.  It  is  4  miles 
wide  in  the  widest  part  and  lies  about  20  metres  away  from  the 
main  mass.  In  the  cuttings  in  leucite  rock  below  Pinhalrinho 
several  dykes,  from  2  to  4  metres  wide,  occur,  some  of  which  are 
evidently  of  decomposed  phonolite,  while  one,  which  is  better  pre- 
served, although  altered  to  some  extent,  is  either  a  trachytic  rock 
or  a  more  felspathic  phonolite  than  any  elsewhere  observed. 

In  the  bends  of  the  tunnel  and  of  Pinhabsinho  there  are  considerable 
cuttings  in  dark  blue  phonolite  and  in  a  peculiar  red  rock  intimately 
associated  with  it.  The  latter  is  best  preserved  at  the  tunnel; 
but  even  there,  although  the  rock  is  apparently  perfectly  sound,  its 
brisk  effervescence  with  acid  shows  that  a  part  of  its  original  con- 
stituents have  been  transformed  into  carbonates.  Under  the  micro- 
scope, I  could  make  nothing  out  of  it  beyond  the  occurrence  of 
minute  dark  microlites  in  a  very  finely  granular  ground-mass.  In 
places,  dark  red  glassy  crystals  of  hexagonal  ouUine  and  irregular 
whitish  spots  occur  sparingly;  both  appear  to  be  of  secondary 
origin.  Generally  the  rock  appears  very  homogeneous,  but  in 
places  thin  undulating  streaks  of  lighter  and  darker  red,  giving  an 
appearance  of  fluxion-structure,  are  seen.  In  other  places  there  are 
patches  and  streaks  of  bluish  and  greenish  phonolite,  which  appear 
to  shade  off  into  the  red  rock  without  well-defined  outlines,  such 
as  would  be  expected  if  they  were  foreign  inclusions.  Patches 
of  included  pebbles  and  boulders  with  wdl-defined  rounded  out- 
lines are  also  seen ;  and  two  or  three  large  cuttings  near  Pinhal- 
zinho  are  exclusively  through  a  coarse  boulder-conglomerate,  which 
is,  however,  so  much  decomposed  that  only  on  the  closest  scrutiny 
can  it  be  distinguished  from  the  ordinary  red  rock.  This  con- 
glomerate is  weU  exposed  in  a  ridge  just  above  the  tunnel,  inter- 
calated between  two  closely  adjacent  ridges  of  the  red  rock,  and 
passed  by  a  cutting  about  80  metres  long  and  15  metres  high,  in 
which  hundreds  of  broken  boulders  with  perfectly  fresh  fracture  are 
seen.    Thoy  are  all  well  rounded  and  of  aU  sizes  up  to  a  cubic 
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metre,  mingled  together  in  the  greatest  confosion,  and  loosely 
oemented  by  a  paste  of  pebblee  and  minnte  roimded  grains  of 
the  same  nature  as  the  bonlders.  With  the  exception  of  a  few 
masses  which  are  fragments  of  a  preexisting  and  more  firmly  com- 
pacted conglomerate  of  the  same  aspect  as  that  of  which  they  now 
form  a  part,  all  the  bonlders  and  pebbles  seen  are  of  the  same 
character  and,  to  my  eye  at  least,  nndistinguishable  either  maoro- 
scopically  or  microscopically  (except  by  a  slight  difference  in  colour, 
a  light  shade  of  red  or  a  leaden  colour  being  predominant)  from  the 
red  rock  of  the  adjacent  cuttings.  At  one  point  a  small  mass  of  the 
red  rock,  decomposed,  but  evidently  in  situ^  rests  upon  the  con- 
glomerate, which  is  also  cut  by  a  small  dyke  which,  in  its  decom- 
posed state,  also  resembles  the  red  rock.  A  relation  is  thus  estab- 
lished between  this  large  and  almost  detached  mass  of  conglomerate 
and  the  smaller  patches,  which  are  clearly  included  in  the  red  rock, 
and  the  latter  is  thus  seen  to  pass  on  the  one  hand  into  a  fragmental 
rock,  and  on  the  other  into  a  compact  phonolite  *. 

On  the  same  spur,  between  the  tunnel  and  Pinhalzinho,  occurs 
the  largest  exposure  yet  known  in  the  region  of  foyaite,  which 
evidently  forms  a  considerable  portion  of  the  mass  of  the  spur,  and 
appears  in  connexion  with  the  red  rock  throughout  a  distance  of 
about  2  kilometres.  The  rock  is  in  general  of  rather  coarse  grain, 
but  of  even  texture,  and  weathers  into  large  rounded  boidders, 
which,  if  the  massive  rock  was  not  seen  in  the  cuttings,  might  be 
taken  for  erratics.  In  one  place,  at  the  side  of  a  small  ravine,  the 
texture  is  porphyritic,  vnth  large  and  small  polygonal  patches  of 
coarse-grained  whitish  rock  and  large  and  perfect  felspar-crystals 
scattered  through  a  bluish  finely  granular  ground-mass,  in  which, 
however,  the  granitic  texture  is  still  apparent.  At  the  tunnel  the 
relations  of  the  foyaite  to  the  red  rock  are  very  well  exposed. 
High  up  on  the  side  of  the  peak  above  the  tunnel  a  considerable 
mass  of  foyaite  is  seen  close  alongside  of  a  considerable  exposure  of 
the  red  rock.  The  tunnel  is  excavated  in  a  large  irregular  dyke- 
like mass  of  foyaite  that  cuts  the  red  rock,  and  is  most  probably 
continuous  vnth  that  of  the  top  of  the  peak  some  300  metres  above 
it.  This  mass  of  foyaite  is  separated  by  an  intervening  mass  of  red 
lock  from  another  about  100  metres  further  up  the  ravine,  in  which 
a  quarry  has  been  opened.  The  annexed  sketches  (fig.  4)  of  the  two 
openings  of  the  tunnel  and  of  parts  of  its  sides  near  the  upper  end 
show  the  relations  of  the  two  rooks.  At  the  upper  end,  the  lower 
part  of  the  arch  is  of  the  red  rock,  rising  highest  on  the  left  or 
upper  hill-side  ;  the  upper  part  is  of  Ibyaite.  A  road  cut  on  the 
right  side,  on  a  level  with  the  floor  of  the  tunnel,  shows  the  foyaite 
cutting  out  the  small  patch  of  red  rook  of  the  right-hand  side  of  the 
mouth,  but  giving  way  to  it  again  a  little  further  round  the  hill. 
This  appearance  can  only  be  explained  by  regarding  the  foyaite  as 
an  irregular  dyke-like  mass,  some  10  metres  or  more  thick,  cutting 

*  Judginff  from  the  reference  in  BoeenbuBch's  '  Mikroekopiaohe  Phyflno- 
ffraphie/  toL  ii.  p.  299,  a  comparison  might  be  made  between  this  rook  and 
that  from  Teneriffe  denominated  eutaiite  by  Fritsch  and  Beias. 
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the  red  rock  at  a  low  angle.  The  tunnel,  which  deacrihes  a  strong 
curve,  soon  enters  wholly  into  the  foyaite,  which  appears  in  the 
floor,  roof,  and  sides ;  hut  a  few  metres  heyond,  the  red  rock  appears 
again  irregularly,  still  rising  highest  on  the  left  side  when  t^e 
exposure  is  continuous  (3),  while  in  front  it  is  divided  into  three 
distinct  masses,  the  foyaite  sinking  hetween  to  helow  the  floor  of  the 
tunnel  (4).      The  road-bed  again  rises  above  the  level  of  the  lower 


Fig.  4. — Sections  across  and  on  the  sides  of  the  tunnel  mar  Pinhalzmho. 


"k     "«    iv-' 


3 

a.  Foyaite. 

1.  Upper  mouth  of  tunnel. 

2.  Lower  mouth  of  tunnel. 

3.  Left  Bide  of  tunnel  near  upper  end. 

4.  Bight  eide  of  tunnel  near  upper  end. 

contact  of  the  foyaite  and  the  red  rock,  and  continues  in  the  former 
to  the  lower  opening,  where  the  latter  again  appears  in  very  small 
patches  on  each  side,  which  only  rise  very  slightly  above  the  floora. . 
The  foyaite  forms  quite  a  regular  arch  over  the  lower  mouth  of  the . 
tunnel  (2)  ;  this  comes  out  at  the  upper  surface  of  the  mass,  which  is 
covered  completely  by  the  red  rock.  The  latter  is  here  so  broken  into 
small  fragments  as  to  resemble  an  immense  heap  of  chestnuts,  and  a . 
land- slide  of  this  incoherent  material  had,  at  the  time  of  my  visit, 
revealed  a  considerable  surface  of  the  foyaite  on  the  slope  over  the 
mouth  of  the  tunnel.  This  con  tact- surface  was  irregularly  undui- 
lated,  and  inclined  at  an  angle  of  16°-20°.  The  rock-openings  and 
a  part  of  the  interior  contacts  have  been  concealed  by  masonry,  but 
a  portion  of  the  latter  are  still  exposed. 

Both  rocks  near  the  contact  are  generally  decomposed,  and  the 
red  rock  is  everywhere  too  much  so  to  reveal  any  modifications  that 
it  may  have  suffered.  In  places,  however,  the  foyaite  shows  an  in- 
teresting contact-phenomenon.  At  about  a  metre  away  the  rock 
becomes  finer-grained,  and  passes  rapidly  into  foyaite  porphyry  and 
finally  into  true  phonolite,  the  phonolitic  f aoies  extending  for  10-15 
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^)entimetres  from  the  immediate  contact.  TJnfortimately  I  was 
unable  to  ascertain  whether  or  not  the  same  phenomenon  is  presented 
along  the  upper  contact,  as  the  places  where  it  had  been  exposed 
were  either  decomposed  or  covered  up  by  slides  of  the  overlying 
xed  rock. 

Above  the  tunnel,  for  a  distance  of  5  or  6  kilometres,  the  cuttings 
(with  the  exception  of  those  in  the  red  rock  and  leucite-rock  already 
mentioned,  and  situated  close  to  the  tunnel)  are  mainly  in  phonolite, 
generally  much  decomposed,  and  of  no  special  interest.  In  one  a 
dyke  of  phonolite  is  seen,  cutting  a  mass  of  decomposed  foyaite, 
showing  that  if  a  part  of  the  phonolite  (as  in  the  case  of  that 
enclosed  in  the  red  rock  and  the  conglomerate  near  the  foot  of  the 
mountain)  is  older,  or  (as  in  the  case  of  the  peripheral  portions  of 
the  mass  at  the  tunnel,  of  the  dyke  in  conglomerate  above  mentioned 
and  of  the  rock  described  below)  contemporaneous  with  the  foyaite, 
a  part  also  is  newer.  A  cutting  about  2  kilometres  below  the 
Cascata  station  shows  inclusions  of  foyaite  in  bluish  phonolite,  some 
of  which  are  of  considerable  size.  These  present  sharply  defined 
outlines,  and  are  either  circular  or  show  a  tendency  to  mimic  poly- 
gonal crystalline  forms.  The  next  cutting  above,  which  is  through 
A  broad  low  ridge  of  foyaite,  exhibits  exactly  the  reverse  inclusions, 
that  is  to  say,  of  phonolite  in  foyaite. 

This  rock,  which  is  apparently  identical  with  that  of  two  quarries 
off  from  the  line  of  railway  near  the  Cascata  station,  and  almost  in 
a  straight  line  with  the  cutting,  the  furthest  being  at  least  a  mile 
away,  presents  several  interesting  characteristics.  The  rock  in  the 
main  resembles  quite  closely  that  of  the  tunnel,  but  contains  a 
glassy  honey-yellow  ingredient,  which  has  not  been  noticed  else- 
where. It  is  also  marked  by  indistinct  circular  spots  slightly 
darker  in  colour  than  the  generality  of  the  rock,  as  if  drops  of  oil 
had  been  sprinkled  over  it.  In  places  also  the  nepheline,  which  is 
generally  bluish,  takes  on  a  rather  brilliant  red  colour,  and  appears 
to  present  more  distinctly  marked  crystalline  forms.  Small  points 
and  thin  irregular  lines  and,  in  one  case,  a  pear-shaped  inclusion 
two  inches  long,  of  an  amethystine  colour  also  appear.  The  most 
interesting  of  its  peculiarities,  however,  are  the  inclusions.  Some 
of  these  are  irregular  masses  more  coarsely  crystalline  than  the 
enclosing  rock,  which,  owing  to  the  predominance  of  large  crystals  of 
felspar,  have  something  of  the  aspect  of  pegmatite.  Othei's  are 
pebble-Uke  masses  of  finer-grained  and  darker  foyaite,  while  others 
again,  and  these  are  the  most  common,  are  of  phonolite.  These  are 
of  all  sizes  up  to  that  of  a  man's  head,  with  sharply  defined  and 
generally  angular  outlines,  though  without  the  mimicry  of  crystal- 
line form  presented  by  the  reverse  inclusions  of  foyaite  in  phonolite. 
The  smaller  inclusions,  often  no  larger  than  the  end  of  the  thumb, 
are  perfectly  homogeneous  in  appearance;  but  in  some  of  the 
larger  ones  there  is  a  more  or  less  distinct  mixture  of  granitic  and 
felsitic  material.  Two  of  the  largest  inclusions  seen  are  here 
represented  (figs.  5  and  6). 
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Fig.  5.—Phonolite-xnclusi(m  in         Fig.  e.—Crystalline  indusum  in 
Foyaite,  one   sixth  natural  Foyaite,    reduced    about    me 

size.  ^V- 


The  larger  one  {^g,  6),  which  is  9  inches  long  and  4  inches  wide-,, 
is  a  hlue  phonolite,  with  tolerably  abundant  crystaUine  inclusions  inp 
the  left-hand  portion,  which  become  rarer  towards  the  right.  On 
the  left  side  there  is  also  a  long,  carved,  ribbon-like  inclusion  of 
foyaite,  which  shades  ofip  at  the  lower  end  into  the  including  rock 
through  a  group  of  scattered  crjstals,  such  as  are  common  in  phono- 
lite.  The  other  one  {fig,  6),  which  is  about  4  inches  long,  is  repre- 
sented above  as  it  appears  on  an  irregularly  fractured  surface.  The 
dark-shaded  portion  is  felsitic,  and  may,  I  think,  be  considered  as 
phonolite,  notwithstanding  its  abundant  crystalline  inclusions.  It 
forms  a  distinct  sheath,  sharply  defined  against  the  enclosing  foyaite,. 
about  the  whole  inclusion,  and  also  about  the  three  principal 
crystalline  masses  imbedded  in  it  in  the  lower  part  of  the  mass. 
It  appears,  however,  to  shade  into  these,  and  into  the  smaller  and 
less-defined  inclusions  of  the  upper  part.  These  masses  differ  con- 
siderably in  aspect  from  the  enclosing  foyaite,  and  are  flecked  with 
small  dark  patches  apparently  related  to  the  felsitic  mass.  As 
the  specimen  has  been  placed  in  the  hands  of  Prof.  Rosenbusch,  no- 
further  description  of  it  will  be  attempted  here,  as,  for  my  present- 
purpose,  it  is  sufficient  to  signalize  the  double  nature  of  the  inclusion^ 
that  is  to  say,  of  a  rock  of  granitic  texture  in  one  of  felsitic  character, 
which  is  itself  enclosed  in  a  rock  of  granitic  type.  The  appearance 
of  this  and  other  inclusions,  coupled  with  the  facts  already  stated^ 
as  to  the  occurrence  of  phonolite  as  a  peripheral  f  acies  of  foyaite,  lead 
me  to  regard  the  inclusions,  whether  in  the  one  or  the  other  of  the 
rocks,  as  parts  of  the  same  original  magma.  A  petrographical  exam- 
ination will  doubtless  determine  whether  this  view  is  correct  or  not- 

From  the  cutting  in  foyaite,  above  mentioned,  to  the  Gascata 
station  the  road  winds  for  about  a  kilometre  around  a  prominent 
spur,  some  400  metres  wide,  of  bluish-black  and  greenish  tuff,  which. 
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in  general  appears  quite  homogeneous,  but  in  many  places  show» 
layers  and  patches  of  pebbles  up  to  the  size  of  a  hen's  egg,  Th& 
pebbles  could  not  be  certainly  recognized,  but  the  most  abundant 
appear  to  be  similar  to  the  diabase-like  rock  of  the  conglomerate 
at  the  foot  of  the  mountain,  only  finer-grained  and  somewhat 
altered,  so  that  only  lathnshaped  felspars  could  be  made  out  with 
certainty.  This  tuff  further  resembles  that  associated  with  the 
conglomerate  by  the  presence  of  rare  and  small  flakes  of  brown 
mica.  It  is  cut  by  small  dykes  of  phonolite,  and  by  dykes  about 
20  centimetres  wide,  too  much  decomposed  for  recognition,  but 
which  appear  to  be  of  a  basic  rock.  .  One  mass  which  I  had  noted 
in  a  field  as  a  dyke,  one  metre  wide,  of  a  basic  rock,  proyes  on  ezami- 
nation  to  be  composed  mainly  of  granidar  quartz  and  magnetite,  and 
is  probably  not  a  dyke,  though  it  certainly  presents  the  appearance 
of  one.  The  tuff  is  also  trayersed  by  horizontal  yein-hke  masses, 
from  one  to  two  inches  thick,  of  a  highly  felspathic  rock  of  granitic 
or  coarse  porphyritic  texture,  and  by  yertical  dykes,  from  3  inches  to 
2  feet  wide,  of  a  rock  that  appears  to  be  a  more  crystalline  yariety 
of  that  of  the  horizontal  dykes  or  sheets.  In  the  largest  of  these 
dykes,  which  is  much  decomposed,  the  felspar  crystals  att/ain  the 
diameter  of  an  inch.  In  aspect  this  rock  resembles  the  felspathic 
veins  of  granite  and  gneiss  much  more  than  it  does  the  foyaitie 
rocks  of  the  region  in  which  it  occurs.  Under  the  microscope  it 
differs  markedly  from  any  rock  known  to  me ;  but  I  suspect  that  it 
will  proye  to  be  an  augite-syenite,  or  perhaps  a  liparite.  Whatever 
it  may  be,  it,  with  the  phonolite  dykes,  seryes  to  connect  the  tuff 
with  the  crystalline  rocks  of  the  region. 

Close  by  the  Cascata  station  there  is  a  small  cutting  in  decomposed 
quartzite  intercalated  between  two  cuttings  in  tuff.  The  rock  is  so 
decomposed  and  broken  by  joints  that  its  position  could  not  be  satis- 
factorily determined,  but  it  appears  to  dip  to  the  eastward  at  an 
angle  of  about  20^.  It  is  cut  by  small  dykes  of  phonolite  and  by 
very  thin  irregular  veins  of  pegmatite,  showing  large  quartz-grains 
and  kaolin  in  the  form  of  felspar,  which  I  take  to  be  different 
from  the  felspathic  dykes  and  layers  in  the  adjacent  mass  of  tu£ 
In  appearance  the  rock  is  not  very  unlike  the  sandstone  at  the  foot  of 
the  mountain ;  but  its  occurrence  at  a  much  higher  level,  the  presence 
of  granitic  masses  apparently  distinct  from  the  eruptive  group  that 
characterizes  the  region,  and,  above  all,  the  occurrence  in  similar 
conditions  at  another  point,  to  be  described  below,  of  undoubted 
itacolumite,  lead  me  to  refer  this  exposure  to  a  series  much  older 
than  that  represented  at  the  foot  of  the  mountain. 

At  Cascata  the  rofed  leaves  the  wooded  slope  of  the  valley  of  the 
Quartel  and  enters  the  Campo  region  of  the  mountainous  plateau  of 
Caldas.  This  plateau  extends  northwards  some  15  or  20  miles  to 
the  Rio  Pardo,  which,  where  I  crossed  it,  flows  at  an  elevation  of 
875  metres.  The  mean  elevation  of  the  plateau  is  about  1200  metres,, 
the  undulating  surface  presenting  differences  of  level  of  from  100 
to  200  metres.  It  is  bounded  on  the  west  and  north  by  an  approxi- 
mately semicircular  arc  of  ridges  rising  abruptly  from  200  to  400 
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metres  above  the  general  level.  Similar  but  shorter  detaobed  ridges 
(the  Serra  do  Caracol  and  Serra  de  Caldas)  to  the  southward  and 
eastward  appear  to  complete  an  approximately  circular  or.e^ptioal 
endosnre  (fig.  7).  This  circular  arrangement  of  the  higher  ridges 
is  peculiar,  and,  taken  in  connexion  with  the  character  o£  the  pre- 
dominant rocks  of  the  plateau  and  of  the  bounding  ridges,  as  fiar  as 
examined,  is  probably  not  without  significance. 

Fig.  7. — Sketch  Map  of  the  Galdas  region. 


In  the  18  kilometres  of  railway  from  Cascata  to  the  village  of 
P090S  the  cuttiDgs  are  mainly  in  decomposed  rock,  which  is,  however, 
sufficiently  preserved  in  patches  to  show  its  original  character,  either 
in  loose  masses  or  in  the  traces  of  structure  still  visible  in  the  clay 
resulting  from  decomposition.  The  predominant  rock  is  phonoUte. 
Foyaite  appears  rarely  in  a  few  cuttings,  always  totally  decomposed. 
No  evidence  of  the  existence  of  other  rocks  was  met  with,  and  the 
absence  of  dykes  is  noticeable.  About  4  kilometres  from  P090S  two 
cuttings  in  decomposed  phonolite  show  an  abundance  of  decomposed 
analcime,  some  of  the  crystals  measuring  3  inches  in  diameter. 
Near  Cascata  two  quarries,  already  referred  to,  have  been  opened 
to  the  right  of  the  road  in  hills  of  foyaite  with  abundant  inclu- 
sions. Close  to  one  of  these  there  is  a  hill  of  coarsely  porphyritio 
phonolite  unlike  any  variety  seen  on  the  railway.  The  crystalline 
inclusions  are  of  all  sizes  up  to  an  inch  in  diameter,  with  ill-defined 
limits  and  generally  stained  red,  the  red  colour  extending  at  times 
to  the  ground-mass,  which  is  normally  bluish,  the  inclusions  being 
white.  This  reddening  of  the  rock  without  visible  signs  of  decay 
has  extended  to  nearly  the  whole  quarry,  so  that  masses  tree  from 


Digitized  by  LjOOQ IC 


HSPOSUKB-BOCXq  19  BRAZIL.  471 

it  are  somewhat  diffieolt  to  fixuL  It  is  seen,  however,  to  be  most 
pronounced  near  the  surface  and  in  the  neighbourhood  of  fissures, 
and  is  undoubtedly  due  to  weathering  or  to  infiltrating  waters. 
This  phonolite  differs  further  from  all  other  varieties  seen  in  the 
region,  except  that  of  the  Prata  bridge,  in  being  fit  for  a  building- 
stone  on  account  of  its  freedom  from  the  fine  joints  and  splintery 
fractures  that  generally  characterize  the  Caldas  phonolites.  About 
the  village  of  Po^s  the  phonolite  is  generally  distinctly  granular, 
and  might .  perhaps  be  regarded  as  a  fine-grained  foyaite.  The 
hot  sulphur  springs  (temp.  45°  C.)  that  give  name  and  importance 
to  the  place  issue  from  the  midst  of  the  phonolite.  The  hill  dose 
to  the  village  (1600  metres  high,  the  highest  of  the  semicircular 
lidge)  was  examined  for  a  distance  of  over  a  mile,  and  found  to  con- 
sist exclusively  of  phonolite.  This  rock  also  characterizes  the  road 
from  Pogos  to  the  Ilio-Pardo  margin  of  the  plateau,  occurring  also 
with  foyaite  along  the  descent,  but,  apparently,  not  extending 
beyond  the  river. 

The  Bio  das  Antas,  the  principal  stream  of  the.  plateau,  just 
before  it  breaks  through  the  ridge  to  descend  to  the  Bio  Pardoi 
traverses  for  several  hundred  metres  a  considerable  patch  of 
quartzite.  In  places  this  shows  the  fiaggy  structure  and  other  cha- 
racteristics that  identify  it  with  the  itacolumites  so  abundant  in  the  ^ 
province  of  Minas.  The  geological  age  of  the  series  to  which  it 
belongs  has  not  been  determined  for  Brazil,  but  it  is  certainly  very 
old.  Bocks  similar  to  it  and  to  its  associates  are  called  Huronian 
by  many  North-American  geologists.  The  strike  is  N.  20°  W.  *  j 
dip  20°  S.W.  A  small  exposure  of  phonolite  occurs  close  to  the 
quartzite,  and  two  quarries  in  foyaite  have  been  opened  in  the  imme^ 
diate  vicinity,  but  the  relations  of  these  rocks  to  the  quartzite  could 
not  be  seen.  A  little  above  a  cascade  formed  by  the  quartzite  there 
is  another,  in  which  the  rock,  at  first  sight,  appears  to  be  similar ; 
but  on  closer  inspection  it  is  seen  to  be  a  greenish  tuff  enclosing^ 
fragments  of  eruptive  rocks.  This  continues  for  a  considerable  dis- 
tance up  stream,  then  isolated  masses  of  quartzite  begin  to  appear 
associated  with  it,  though  in  no  case  could  an  actual  contact  be 
discovered,  nor  could  pebbles  of  quartzite  be  detected  in  the  tuff^ 
though  grains  of  quartz  and  fragments  of  gneiss  are  not  uncommon. 
Apparently,  however,  the  tuff  forms  a  layer  on  an  irregular  surface 
of  quartzite,  points  of  which  occasionally  appear  through  it.  The 
tuff  is  traversed  by  joints  running  N.  70°  E.,  and  dipping  70°  N., 
which  in  places  produce  a  sort  of  fiaggy  structure. 

The  Rio  Pardo  appears  to  form  the  northern  limit  of  this  eruptive 
group  as  the  Bio  de  Prata  forms  the  southern.  Going  northward 
£rom  the  Bio  Pardo  only  gneiss,  mica-schist,  and  granite  were  met 
with  between  that  river  and  the  Bio  Grande.     North  of  the  latter 

*  It  maj  here  be  remarked  that  I  found  a  north-westerly  strike  predomi- 
nant between  Oaldaa  and  the  Serra  do  Gauaatra,  as  well  as  in  that  range,  whereas 
in  Eastern  Minas  and  along  the  Serra  do  £Bpiiiha9o  the  strike  is  almost  univer- 
sally north-westerly.  It  is  for  this  reason  that  I  have  ventured  to  suggest  (by 
the  dotted  line  of  the  map,  fig.  1)  the  derivation  of  the  Serra  do  Ganastra  as 
a  branch  of  the  Mantiqueira  range. 
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the  qnartziie  (itacoltunite)  and  metamorphio-schist  Beries  (reprfr- 
sented  in  the  Caldas  region  by  the  qnartsnte  of  the  Bio  das  Anta» 
and  Cascata)  appears  in  the  well-defined  mountain -range  known  as 
the  Serra  do  Canastra,  which  forms  the  western  wall  of  the  Sao 
Erancisco  basin  and  the  watershed  between  that  river  and  the  upper 
Parana.  The  sandstones  and  bedded  melaphyres  of  the  npper  pari^ 
of  the  Sao  Paolo  plateau  abut  against  the  western  side  of  this  range, 
their  eastern  margin  cutting  across  the  rivers  Pardo  and  Grande, 
some  distance  to  the  westward  of  the  Caldas  mountains.  Gneiss 
is  said  to  occur  on  the  mountainous  plateau  near  the  city  of  Caldas, 
and  fine  and  large  crystals  of  zircon  come  from  the  same  locality, 
leading  to  the  suspicion  that  zircon-syenite  or  a  zirooniferous  variety 
of  foyaite  may  occur  in  that  vicinity.  The  limited  time  at  my  di^- 
posal  did  not  permit  me  to  follow  up  this  interesting  suggestion  *. 

Pending  the  detailed  microscopic  examination  of  the  Caldas  rock» 
which  Prof.  Eosenbusch  has  kindly  undertaken,  it  does  not  seem 
desirable  to  attempt  to  go  very  far  in  drawing  conclusions  from  the 
observations  recorded  in  this  interesting  region.  It  is  hoped,  how- 
ever, that  this  imperfect  exposition  may  prove  as  convincing  to  the 
minds  of  others  as  the  phenomena  observed  in  the  field  were  to  my 
own  mind  on  the  following  points  : — 

1st.  The  substantial  identity  as  regards  mode  of  occurrence  and 
geological  age  of  the  Caldas  phonolites  and  foyaites. 

2Dd.  The  connexion  of  the  latter  through  the  phonolites  with  a 
typical  volcanic  series  containing  both  deep-seated  and  aerial  types 
of  deposits. 

3rd.  The  equal,  if  not  greater,  antiquity  of  the  leucite-rocks  as 
compared  with  the  nephelme-rocks,  whether  fclsitic,  as  phonolite,  or 
granitic,  as  foyaite. 

4th.  The  probable  Palaeozoic  age  of  the  whole  eruptive  series. 

The  interruption  in  the  section  of  the  sedimentary  series  near  the 
foot  of  the  Caldas  mountains  renders  the  last  conclusion  less  positive 
than  could  be  desired.  The  conglomerate  at  the  base  of  the  sand- 
stone at  the  foot  of  the  mountain  proves  that  the  eruptions  com- 
menced before  or  during  the  deposition  of  the  sandstone,  while  the 
dykes  cutting  the  latter  show  that  they  continued  after  the  deposi- 
tion. It  is  certain  that  at  the  time  when  the  present  sedimentary 
plateau  of  Sao  Paulo  was  occupied  by  a  late  Pais&ozoio  or  early 
Mesozoic  sea,  the  Caldas  mountains,  with  an  elevation  of  at  least  200 
metres,  rose  either  at  the  margin,  or  not  more  than  10  miles  distant 
from  the  margin  of  that  sea,  and  this,  in  accordance  with  the  law  of 
the  relation  of  volcanoes  to  the  coast-line,  may  be  taken  as  an  argu- 
ment in  favour  of  the  great  age  of  the  eruptionR,  since  no  late 
Mesozoic  or  Tertiary  marine  deposits  are  known  nearer  than  the 
present  Atlantic  coast  between  Bio  de  Janeiro  and  Bahia,  or  the 
Pampa  region  of  the  Paraguay  basin.  Freshwater  Tertiary  deposits 
are  known  about  the  city  of  Sao  Paulo  and  between  the  Serras  do 

*  Zirooo  has  not  been  recognised  in  anv  of  the  Brazilian  foyaites  thus  far 
examined.  Sphene  is  a  oharacteristic  ana  abundant  miorosoopic  aooessory  in 
that  of  Cabo  Frio,  Tingoa,  and  Itatiaia,  but  has  not  been  obserred  in  that  of 
Caldas,  which  also  differs  in  other  respects  from  that  of  the  other  localities. 
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Mar  and  Mantiqueira  in  the  valley  of  the  Parahiba ;  but  these  are 
certainly  newer  than  the  emptions  of  similar  material  of  Itatiaia. 
Unfortunately  the  other  localities  mentioned  in  this  paper  afford  no 
prospect  of  throwing  light  on  the  geological  age  of  the  nepheline- 
Tocks,  as  there  are  no  sedimentary  beds  in  their  yicinity  interme- 
diate between  the  gneiss  and  the  recent  deposits.  They  promise, 
however,  to  give  important  results  on  the  relations  of  various  types 
of  eruptive  rocks,  and  it  is  hoped  that  an  opportunity  will  soon  be 
afforded  for  examining  and  describing  them  more  fully. 

Discussion. 

The  Pbbsident  said  it  was  seldom  that  a  paper  containing  such 
important  facts  was  presented  to  the  Society.  It  was  reserved  to 
Mr.  Derby  to  have  proved  that  plutonio  rocks  containing  nepheline 
{foyaite)  passed  into  volcanic  masses  which  were  true  phonolites. 
This  Mr.  Derby  had  clearly  established  by  observations  in  the  field. 
He  had  also  shown  that  leucite  existed  in  rocks  of  palaeozoic  age, 
thus  rendering  untenable  the  last  stronghold  of  those  who  insisted 
on  making  geological  age  a  primary  factor  in  petrographical  classi- 
fication. He  alluded  also  to  the  value  of  the  independent  determi- 
nations of  Prof.  Rosenbusch. 

Mr.  Batterman  had  been  over  portions  of  the  ground  with  the 
Author,  and  was  glad  to  add  his  testimony  to  the  value  of  the 
paper.  He  spoke  of  the  importance,  in  a  geological  sense,  of  these 
generalizations.  It  was  remarkable  how  highly  cry'stalline  masses 
of  rock  pass  over  into  a  sort  of  phonolite.  These  were  associated 
with  palffiozoic  masses,  which  were  pre-Permian  or  at  least  pre- 
Triassic.  He  alluded  to  the  difficulty  of  investigating  Fernando 
l^oronha,  and  also  to  the  difficulties  attendant  upon  the  investigation 
•of  rocks  in  Brazil,  which  were  subject  to  such  an  enormous  amount 
of  local  alteration. 

Profl  Bonnet  also  expressed  his  sense  of  the  value  of  the  paper. 
He  alluded  to  the  comparative  rarity  of  nepheline-  and  leucite-rocks, 
and  to  the  confusion  in  the  nomenclature.  He  was  reminded  of  the 
nepheline-rocks  near  Montreal,  where  dolerite  was  broken  through 
by  nepheline-syenite,  associated  with  tephrites  and  phonolites. 
idthough  there  might  be  a  doubt  here,  these  rocks  were  most  pro- 
bably of  Silurian  age ;  but  the  evidence  in  Brazil  was  still  clearer 
as  to  the  palaeozoic  age,  and  he  believed  that,  in  the  case  of  some 
other  masses,  the  evidence  had  satisfied  the  Canadian  geologists. 
He  alluded  also  to  the  nepheline-rocks  in  the  Katzen-Buckel,  where 
ihere  was  a  similar  passage  from  coarse-grained  to  fine-grained. 

Dr.  Hatch  said  that  in  this  case  leucite  was  clearly  shown  to  be  of 
palaeozoic  age,  and  he  regarded  the  paper  as  a  step  towards  the  better 
classification  of  this  group  of  rocks. 

Prof.  Seeley  asked  for  evidence  as  to  the  identification  of  the 
leucite. 

The  Pbesibent  thought  there  was  no  possibility  of  mistake  in 
this  respect.  As  regards  the  rocks  of  the  Katzen-Buckel,  none 
were  truly  holocrystalline,  and  hence  they  could  not  be  compared 
with  foyaite  or  elaeolite-syenite. 
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34.  On  some  OoormBsircEa  of  PiEDMOKTiTE-ScaisT  in  Ja^as.    By- 
Prof.  Btodjibo  Koto,  Ph.D.    (Bead  June  8, 1887.) 
[Communicated  by  Frank  Butlet,  Esq.,  F.G.S.] 

As  already  stated  in  a  former  paper  ♦,  the  occurrenee  of  mangan- 
epidote  or  piedmontite  is  often  associated  with  glaucophane-bearing 
rocks  in  the  crystalline-schist  system  in  Japan.  The  rock  which 
contains  piedmontite  as  an  essential  component  is  well  characterized 
in  outward  appearance,  being  of  a  dark  violet  colour ;  hence  it  is 
locally  named  the  '  murasaki '  or  violet  rock,  and  it  is  most  typically 
developed  in  the  Island  of  Sikoku,  especially  in  the  neighbourhood 
of  the  city  of  Tokusima. 

The  first  specimen  that  came  under  my  notice  was  brought  from 
Mount  Otakisan,  one  mile  to  the  south-west  of  the  last-named  city  ; 
and  many  localities  have  since  been  added  to  the  list  of  places  where 
it  occurs,  so  that  we  are  now  able  to  trace  out  the  geological 
horizon  of  the  piedmontite-bearing  rock  everywhere  within  the 
crysteJlineHSchist  system  of  that  island.  The  rock  is,  however,  nofc 
exclusively  confined  to  this  region.  It  also  has  a  wide  distribution 
in  the  provinces  of  Musasi  and  Eozuke,  on  the  main  island^  Honsiu. 

The  piedmontite  is  associated  with  fine  quartz-grains ;  and  by  the 
parallel  position  of  the  former,  the  rock  itself  assumes  a  schistose 
structure,  a  vertical  section  presenting  a  regularly  banded  appearance 
resulting  from  the  alternation  of  fine  piedmontite  layers  with  those 
of  quartz. 

The  accessory  components  are  musoovite  (hydrous  mica  of  Prof. 
Bonney  t),  greenish-yellow  garnet,  rutile,  some  felspars  (probably 
orthoclase),  blood-red  iron-glance,  and  also  opaque  crystals  of  the 
same  mineral.  This  is  the  typical  piedmontite-schist.  In  the 
glaucophane-bearing  rocks  t  manganepidote  also  makes  its  appear- 
ance, but  it  is  subordinate  in  quantity  to  glaucophane,  and  its 
place  is  often  supplied  by  common  yellowish-green  epidote.  We 
shall,  first  of  aU,  speak  of  the  epidote  in  the  piedmontite-sohist. 

(a)  Piedmontite. — Crystals  of  piedmontite  are  usually  much 
elongated,  traversed  by  transverse  irregular  cracks  and  fissures, 
sometimes  broken,  and  then  the  dismembered  parts  form  chains, 
with  faces  striated  in  the  direction  of  the  axis  of  symmetry.    Nearly 

all  the  crystals  lie  with  the  orthopinacoid  (  ooPoo  ),  parallel  to  the 
planes  of  schistosity  of  the  rock. 

Unlike  the  common  rock-forming  epidote,  in  which  well-defined 
cr}stallographic  forms  are  seldom  to  be  seen,  these  crystals  of  pied- 
montite have  usually  well-developed  faces  of  M  (oP),  T  (  ooPdo  ), 
t(^P^  )  n(P),  sometimes  r{Vdb  )  as  in  fig.  1. 

The  clinopinacoidal  section  (  odPqo  )  is,  as  a  rule,  of  an  oblique 

*  Journal  of  Sioenoe  College,  Imperial  tTniTersity,  roL  i.  part  1,  p.  85, 
Tokyo. 

t  Min.  Mag.  yol.  vii.  no.  32,  July  1886,  p.  3.  J  Loc.  cit,  p.  86. 
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xiiomboidal  otrtline,  caused  by  the  predominance  of  the  traces  of  T 
and  M  as  in  the  figure,  and  if  the  faces  r  or  t  be  also  developed 
the  section  will  then  be  six-sided ;  but  the  latter  case  is  less  frequently 

seen.  In  common  epidote  the  face  r  (^ab  )  is  said  to  be  a  predominating^ 

element,  and,  as  a  rule,  it  is  more  perfect  than  the  face  T  (  ooPoo  ). 
In  these  piedmontites  the  face  r  is  very  poorly  developed,  and  it 
is  usually  not  visible  even  in  the  clinopinacoidal  section,  the  outlines 


Fig.l. 


M 


^ 


of  which  are  never  regular,  owing  to  the  fact  that  there  are  an 
infinite  number  of  prominences  and  indentations,  and  they  are  some- 
times even  knee-shaped,  just  like  twins  of  rutile.  All  these  facts 
are  due  to  the  parallel  growth  and  intergrowth  of  two  or  more  in- 
dividuals of  different  sizes ;  the  striations  commonly  observed  on 
the  faces  parallel  to  the  ortho-axis  arise  mainly  from  these  causes, 
and  proportionally  few  of  the  striations  can  be  attributed  to  the 
twinning. 

Extinction  takes  places  simultaneously  in  all  the  individuals  that 
enter  into  the  formation  of  the  complex  crystals,  and  this  would  not 
occur  in  the  case  of  twins.  Some  of  these  remarkable  forms  are 
given  in  figs.  2,  a,  6,  c. 

Fig.  2. 
a  b  e 


A  A 


\y 


Twins  are  comparatively  rare,  and,  if  present,  they  are  of  a  common 

type  whose  plane  of  twinning  and  composition  is  T  (  ooPoo  ),  the  ex- 
tinction.direction  of  the  one  individual  making  an  angle  of  6^  with 
that  of  another  (fig.  3).  The  traces  of  cleavage  upon  M,  in  both 
individuals,  meet  at  an  angle  of  about  130%  just  as  in  the  case  of 
common  epidote  described  by  P.  Becke  *  and  H.  Eeusch  t.     The 

*  Tschermak,  Min.  u.  petr.  Mitth.  1879,  p.  837. 
t  Neues  Jahrb.  fiir  Min.  eta  ii  1883,  p.  57. 
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crystal  individuals  of  twins  differ  considerably  in  their  size,  and  the 

one  bears  a  parasitic  relation  to  the  individual  to  which  it  is  attached. 

The  colour  and  the  behaviour  of  pleochroism  in  twins  are  exactly 

Fig.  3. 


similar  in  most  cases,  so  that  the  existence  of  twinning  can  only  be 
recognized  by  a  slight  difference  in  the  shade  of  colour  of  both 
crystals  under  crossed  nicols,  and  also  in  the  direction  of  the  traces 
of  cleavage  upon  M. 

Cleavages  upon  the  base  (oP),  and  orthopinacoid  ( ooPdo  )  are 
sometimes  observed ;  but  in  minute  crystals  they  are,  as  a  rule,  less 
distinctly  developed  than  in  the  larger  individuals;  for  in  the 
majority  of  cases  the  smaller  ones  are  perfectly  free  from  such  traces 
of  cleavage. 

The  angle  of  oblique  extinction  : — c  :  A=3°.  The  axial  colours : 
A=deep  reddish-violet;  C=brownish  red;  B=light  violet.  The 
degree  of  absorption:  A>C>B  ;  while  in  common  epidote  it  may 
be  expressed  in  the  following  scheme*,  C>B> A.  Therefore  the 
cHnopinacoidal  sections  of  this  mineral  show  the  most  intense  colours, 
while  those  parallel  to  the  ortho-axis  display  a  lighter  tint.  When 
a  slide  is  prepared  in  the  direction  of  the  planes  of  schistosity  in 
the  rock,  we  usually  see  sections  approximately  parallel  to  the 
&-axis;  but  we  also  perceive  a  marked  difference  in  the  colours 
of  various  sections  suggestive  of  entirely  different  minerals ;  the  one 
is  a  deep  violet,  the  other  a  brownish  yellow.  As  there  are  great 
differences  in  the  axial  colours  already  stated,  it  may  be  natiu^y 
expected  that  a  section  parallel  to  the  basal  pinacoid  M  is  of  a 
brovniish  yellow ;  for  we  see  the  combination  of  the  axial  colours  of 
C  and  B  ;  that  which  is  taken  nearly  parallel  to  the  orthopinacoid 
T  is  of  a  deep  violet  (a  combination  of  A  and  B).  The  cHnopina- 
coidal section  shows  the  deepest  shade  of  colour,  the  face-colour 
being  a  combination  of  C  and  A. 

'*'    Eosenbusch,  '  MikroskopiBche  Pbysiographie/  i.  p.  497, 2te  Aufage. 
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The  extinction-direction  is,  of  course,  parallel  and  at  right  angles 
to  the  longer  sides  of  sections  in  the  zone  of  H  and  T,  and  the  in- 
tensity of  the  colours  also  depends  upon  the  section  in  this  zone. 
The  polarization-colours  are  magnificent,  ranging  from  an  intense 
violet  to  an  indigo-blue  tinge,  and  this  becomes  more  pronounced 
if  we  insert  a  quartz-plate  in  the  tube  of  the  microscope. 

The  piedmontite  is  generally  pure;  neither  liquid-enclosures^ 
gas-enclosures,  nor  microlithic  interpositions  being  found  in  large 
quantities.  Minute  crystals  represent  the  ideal  purity  of  the 
mineral. 

This  mineral  has  been  isolated  from  other  oonstitaents  of  the 
schist  from  Otakisan,  Awa  province,  by  means  of  Thoulet's  solution. 
The  resolt  of  the  chemical  analysis,  kindly  undertaken  by  Mr.  J. 
Takayama,  of  the  Geological  Survey  of  Japan,  is  as  follows : — 

^iO, 36-16 

ALO3    22-62 

Fep,   9-33 

Mn,0, 6-43 

CaO 22-05 

MgO    0-40 

Kfi trace 

Na,0    0-44 

H,0     3-20 

100-53 
H  :  Ca  : :  1  :  2-2         Ca  :  B :  Si : :  1-25  : 1  : 1-92 

(b)  Comparison  with  other  Occurrences. — On  comparing  the  result 
f^tated  above  with  analyses  of  Swedish  and  Alpine  epidotes  *  our 
mineral  shows  in  some  particulars  a  marked  difference  in  the  per- 
centage-composition from  both  of  them ;  there  is  nevertheless  a 
general  resemblance  in  all,  and  the  Japanese  epidote  supplies  a 
hitherto  missing  link  between  that  of  Jacobsberg,  in  Sweden,  and 
that  of  St.  Marcel,  in  Piedmont.  Mr.  Takayama  states  that  he  is 
as  yet  unable  to  decide  whether  the  manganese  in  the  Japanese 
epidote  exists  as  sesquioxide  or  as  monoxide,  or  as  both.  Igelstrom 
suggests  that  the  Swedish  mineral  contains  manganese  as  the 
monoxide,  while  others  are  of  opinion  that  in  the  Alpine  epidote 
the  manganese  exists  only  in  the  condition  of  sesquioxide.  Some 
mineralogists  therefore  hesitate  whether  they  should  be  regarded  as 
the  same  mineral  variety  f.  The  writer  before  expressing  himself 
decisively  on  this  point  awaits  the  results  of  a  more  complete 
examination. 

Being  of  a  very  beautiful  rose-red  colour,  highly  pleochroic  and 
acicular  in  habit,  piedmontite  is  frequently  confounded  with  tour- 
maline, and  as  such  it  was  at  first  regarded  by  us.     Dr.  E.  Naumannf 

*  Bammelsberg,  <  Mineralchemie/  2te  Auflage,  p.  595. 
t  Naumann ;  Zirkel,  *  Elemente  der  Mineralogie/  12te  Aaflatfe,  p.  577. 
t  'Ueber  den  Bau  und  dia  Entstehong  der  japanisohen  Lueln/  Berlin 
J885.  p.  10. 
aJ.G.S.  No.  171.  2  k 
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notes  that  there  are  two  interesting  rocks  in  the  crystalline-schist 
system  of  Japan,  one  of  which  is  ^'  ein  echter  durch  charakteristische 
rothe  Farbung  kenntlicher  TurmalvMchiefer^  der  nnter  dem  Mikro- 
skop  schongefarbte  starke  dichroitische  laDggestreckte  Krystalle 
zeigt."  The  original  specimens  from  which  E.  Naumann  penned  the 
above-quoted  st<atemeDt  were  kindly  placed  at  my  disposal  by  the 
Geological  Survey  of  Japan.  On  examining  the  various  slides  the 
writer  was  firmly  convinced  that  here  we  have  to  do  with  trxxepied- 
monUte,  and  not  a  tourmaline ;  and  the  analysis  given  above  confirms 
the  writer's  view. 

(c)  Qeographieal  IHstribtUion  of  Piedmontite, — ^The  mineral  pied- 
montite  is  not  of  common  occurrence.  In  treatises  on  mineralogy 
we  find  only  two  typical  localities  up  to  the  present :  the  one  is 
St.  Marcel,  near  Aosta,  in  Piedmont,  Italy,  where  it  occurs,  as  a  rare 
mineral,  together  with  other  manganese  ores  ;  the  other  is  Jacobs- 
berg,  in  Wermland,  Sweden,  where  it  is  found  localized  within  a 
limestone.  In  both  cases,  as  it  seems  to  me,  piedmontite  occurs  as 
a  rare  mineral,  and  it  is  by  no  means  abundant  enough  to  form  an 
independent  rock. 

Its  extensive  occurrence  in  Japan  is  somewhat  remarkable,  and  is 
probably  unequalled  in  other  parts  of  the  world  ;  the  manganepidote 
and  quartz  constitute  the  piedmontite-schists,  and  it  is  also  an  acces- 
sory component  in  glaucophane-schist  *.  Geologically  speaking,  its 
occurrence  is  confined  to  the  same  horizon  as  the  glaucophane,  i.  e, 
the  lower  part  of  the  chlorite-schist  series  of  the  Archeean  complex. 
This  unique  piedmontite-bearing  rock  is  of  unexpectedly  wide  dis- 
tribution, and  constitutes,  indeed,  an  essential  member  in  the  Archaean 
system  of  Japan.  The  subjoined  are  some  out  of  many  of  the 
typical  Japanese  localities  of  manganepidote : — 

StkoJcu  Island. 

1.  Otakisan,  near  the  city  of  Tokusima,  Awa  province. 

2.  Bessi  Copper-mine,  in  Uma  Gori,  Sanuki  province. 

3.  Chibara  Copper-mine  in  Siufu  district,  Kitanada  in  Kami- 
TJkima  district,  Ucbinoko  and  "Kaya  in  Kita  district,  lyo  province. 

Main  Island. 

4.  Minano,  Simo-Tano  and  Yori,  Chichibu  district;  Ogawa,  in 
Hiki  district,  Musasi  province. 

5.  Umenokidaira  and  Sambagawa,  Kanra  district,  Kozuke  pro- 
vince. 

6.  Misaka,  in  Iwamae  district,  Iwaki  province,  &c. 

(d)  A  peculiar  Epidote. — There  is  still  another  variety  which 
may  be  conveniently  described  on  the  present  occasion.  In  speaking 
of  the  glaucophane-schist  in  his  other  paper  t,  the  writer  has  already 
given  a  brief  notice  of  the  presence  of  a  remarkable  piedmontite. 

*  Joamal  of  Science  College,  Imperial  UniyePBity,  Tokyd,  roL  i.  part  U 
B.  Kot6, '  A  Note  on  Qlaaoophane/  pp.  85  et  seq, 
t  Loc.  cit.  p.  86. 
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In  this  schist  we  find  a  peculiar  epidote  in  the  form  of  long  irregular 
plates  (^1  centim.),  having  a  slight  yellowish-green  colour,  and  being 
irregularly  traversed  by  transverse  cracks  and  longitudinal  strieB. 
The  morphological  habitus  differs  from  that  of  an  ordinary  epidote 
in  its  more  flattened  tabular  condition.  It  possesses  sometimes  a 
faint  rosy  tint,  its  pleochroism  is  weak,  but  distinct,  being  more  in- 
tense when  the  short  diagonal  of  the  lower  niool  is  at  right  angles 
to  the  longer  sides  of  the  epidote.  In  other  instances  the  red  pig- 
ment is  localized  in  the  centre  (fig.  4),  so  as  to  form  a  distinct  zone ; 

Fig.  4. 


but  the  reversed  case,  i.  e.  a  red  margin  with  the  yellow  centre,  has, 
within  the  writer's  knowledge,  never  yet  been  observed. 

The  rosy  pigment  which  characterizes  this  epidote  is  certainly 
due  to  the  presence  of  a  manganese  oxide,  and  the  mineral  forms  an 
intermediate  link  between  common  epidote  and  piedmontite.  One 
point  in  connexion  with  this  epifiote  should  not  pass  unnoticed, 
namely  the  abundant  enclosures  of  aggregates  of  opaque  iron-glance, 
and  blood-red  hexagonal  scales  of  the  same  mineral,  since  the  typical 
piedmontite  is  entirely  free  from  enclosures  of  such  a  kind.  This 
indicates  the  fact  that  the  latter  (piedmontite)  has  crystallized  out 
before  the  yellowish-green  epidote. 

(e)  Garnet, — In  the  glaucophane-schist  from  Otakisan,  in  the 
Island  of  Sikoku,  we  find  a  large  number  of  rhombic  dodecahedra 
(size  of  a  pea)  of  a  greenish-yellow  garnet.  A  slide  cut  from  one 
of  these  garnets  shows,  under  the  microscope,  that  it  is  made  up  of 
difFerent  minerals  as  indicated  in  figure  5.  This  crystal  is,  indeed,  a 
small  mineral  cabinet  of  all  the  constituents  of  the  rock  in  which  it 
occurs,  except  glaucophane.  The  violet  piedmontite  needles,  clumps 
of  dark  iron-glance,  hexagonal  scales  of  iron-glance,  the  knee-shaped 
twins  of  rutile-needles  which  contain  in  their  substance  also  a  large 
number  of  already  twinned  crystals  upon  Poo  ,  and,  lastly,  highly 

2k2 
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vitreous  grains  of  quartz,  are  all  thrown  together  within  the  garnet 
crystal,  these  enclosures  assuming  a  more  or  less  curved  course. 

The  colour  of  the  garnet  itself  is  deep  yellow,  and  the  crystals 
show   anomalous  optical  properties,   being  anisotropic.      This   is 

Fig.  6. 


caused  probably  by  the  strain  from  the  interposition  of  other  minerals 
contained  in  it.  Prof.  Bonney*  has  also  found  garnet  in  cer- 
tain glaucophane-bearing  rocks  near  Berrioz,  Val  d'Aoste,  in  the 
Alps.  Here  the  garnet  sometimes  contains  glaucophane  and  dark 
dust  (?),  which  he  suggests  may  be  possibly  due  in  certain  cases  to 
subsequent  infiltrations.  The  garnet  here  described  is  entirely  free 
from  enclosures  of  glaucophane,  although  the  rock  itself  is  a  glauco- 
phane-schist ;  and  the  above-mentioned  interpositions,  i.  e.  pied- 
montite,  &c.,  seem  to  have  been  developed  prior  to,  or  contem- 
poraneously with,  the  formation  of  the  garnet. 

Discussion. 

The  President  remarked  that,  in  the  slides,  where  the  glauco- 
phane was  best  developed,  there  the  piedmontite  was  most  rare,  and 
that  where  the  piedmontite  was  abundant  but  little  glaucophane 
was  to  be  seen.  He  alluded  to  the  striking  pleochroism  of  the 
piedmontite,  and  to  the  interesting  fact  of  its  having  been  now 
recognized  for  the  first  time  as  a  rock-constituent. 

Mr.  MiERS,  whilst  claiming  but  little  special  knowledge  of  the 
minerals  described,  expressed  his  satisfaction  with  the  paper. 

Mr.  HuDLESTON  said  that  the  President's  remark  precisely  con- 
firmed Mr.  Koto's  statement  to  the  effect  that  the  piedmontite  exists 
only  as  an  accessory  mineral  in  the  glaucophane-rock,  whilst  it  is 
one  of  the  principal  constituents  in  the  piedmontite-schist,  which 
contains  hardly  any  glaucophane. 

*  "  On  a  Glauoophane-eclogite  from  the  Val  d'Aoste,**  Min.  Mag.  vol.  vii, 
no.  32,  p.  2  (1886). 
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35.  On  the  Eocxs  of  the  Malterw  Hills.  By  Pbank  Etjtlet, 
Esq.,  F.G.S.,  Lecturer  on  Mineralogy  in  the  Royal  School  of 
Mines.     (Read  December  1,  1886,  and  April  6,  1887.) 

[Platbs  XIX.-XXI.] 

Pakt  I. 

The  rocks  of  the  Malyem  Hills  have  already  been  the  subject  of 
much  discussion,  and  some  of  our  most  eminent  geologists  have 
devoted  a  large  amount  of  time  and  trouble  to  the  unravelling  of 
their  history. 

One  of  the  most  important  papers,  however,  upon  this  subject 
was  written  by  Dr.  Harvey  B.  Holl  *,  over  twenty  years  ago ;  and 
with  this  paper  and  a  few  maps  I  have  spent  several  weeks  in 
examining  the  range. 

The  general  result  of  this  examination  may  be  of  interest,  inas- 
much as  it  enables  me  to  confirm  to  a  great  extent  the  statements 
made  by  Dr.  Holl,  whose  careful  observations  and  sound  inferences 
cannot  fail  to  impress  those  who  endeavour  to  follow  up  his  work. 

One  of  the  main  points  which  Dr.  Holl  wished  to  demonstrate 
was,  "  that  the  rocks  which  had  hitherto  been  treated  of  as  syenite, 
and  supposed  to  form  the  axis  of  the  hills,  were  in  reality  of  meta- 
morphic  origin,  and  belonged  to  the  Pre-Cambrian,  Azoic,  or  Lau- 
rentian  Age."  I  think  that,  at  the  present  day,  many  geologists 
will  be  found  who  are  ready  to  accept  this  conclusion,  in  spite  of 
the  protest  of  the  late  Sir  Roderick  Murchison  f. 

Dr.  Holl,  in  his  paper,  discusses  first  the  structure  and  origin  of 
the  crystalline  rocks  of  the  Malvern  Hills,  ho  next  treats  of  the 
adjacent  Paleeozoic  strata,  and  finally  endeavours  to  show  the  chrono- 
logical relationship  of  the  several  events  in  their  geological  history. 

Without  attempting  to  foUow  out  such  an  extensive  programme, 
I  have  restricted  my  work  to  the  old  ridge  of  gneissic  syenite, 
granite,  &o.  which  constitutes  the  central  or  axial,  and,  indeed,  the 
main  portion  of  the  range ;  and  although  I  have  failed  to  see  many 
things,  I  have  nevertheless  verified  much  that  Dr.  Holl,  the  late 
Professor  Phillips  J,  the  Rev.  W.  S.  Symonds  §,  and  other  observers 
have  recorded. 

At  the  outset.  Dr.  Holl  describes  the  small  hill  known  as  Keys 
End  or  Chase  End  as  consisting,  at  its  southern  extremity,  of 
thinly  bedded  gneissic  rocks  dipping  east,  the  gneiss  being  some- 
times micaceous,  at  others  homblendio.     This  hill  is  the  extreme 

*  "  On  the  Geological  Structure  of  the  Malyem  Hills  and  A^aoent  Districts," 
Quart  Joum.  Geol.  Soc.  yol.  xxi.  pp.  72-102. 
t  •Siluria/  4th  edition,  1867,  p.  14. 

!'  Memoirs  of  the  G^eological  Surrey,'  vol.  ii.  part  1. 
'  Old  Stones,  a  series  of  G^logical  Notes  on  the  Bocks  in  the  Neighbour- 
hood of  Malvem,'  new  edition,  1884. 
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southern  member  of  the  Malvern  range,  and  after  a  more  detailed 
description  of  it  Dr.  Holl  carries  the  reader  gradually  northward. 

Without  following  his  description  further  at  present,  I  will  at 
once  venture  to  expound  the  view  to  which  my  own  examination  of 
the  range,  coupled  with  a  careful  perusal  of  Dr.  Holl's  paper,  has  led 
me — a  view  which  begins  at  the  other  end  of  the  chain,  and  which, 
if  true,  may  result  in  a  better  understanding  of  its  structure. 

In  the  first  place,  the  beds  of  crystalline  rocks,  mostly  of  a  gneissic 
character,  which  form  the  axis  of  the  Malvern  range  have,  I  believe, 
been  disposed  in  a  synclinal  flexure,  which  stretched  from  the  north 
of  the  range  as  far  as  the  middle  of  the  ridge  which  forms  Swin- 
yard's  Hill,  where  there  is,  I  think,  evidence  to  show  that  they 
experience  a  sharp  anticlinal  flexure  and  are  then  faidted  down- 
wards, to  reappear  no  more  in  this  country.  The  synclinal  fold  just 
mentioned,  which  is  over  five  miles  and  a  half  in  length,  is  probably 
more  or  less  irregular  through  subordinate  crumpling  of  the  beds, 
and,  in  common  with  the  rest  of  the  range,  is  traversed  obliquely  by 
a  number  of  approximately  N.W.  and  S.E.  or  N.E.  and  S.W.  faults, 
as  already  indicated  by  Dr.  Holl. 

Inferences  regarding  the  upthrow  or  downthrow  of  the  masses 
lying  between  these  faults  may,  perhaps,  be  most  safely  arrived  at 
from  the  corresponding  displacements  of  the  Silurian  strata  which 
occur  on  the  western  flank  of  the  range,  and  although  from  a  little 
north  of  Malvern  Wells  to  the  extreme  north  of  the  chain  there 
appear  to  be  successive  downthrows  to  the  north,  yet  south  of 
Malvern  Wells  the  throws  vary. 

From  lithological  evidence  generally,  it  seems  that  the  rocks 
forming  the  northern  portion  of  S  win  yard's  Hill  are  a  repetition  of 
those  which  constitute  the  Worcestershire  Beacon,  and  the  assumed 
relationship  of  the  beds  is  indicated  in  the  diagrammatic  section 
appended  to  this  paper  (facing  p.  488)  *. 

We  may  infer  that  probably,  but  not  necessarily,  the  oldest  and 
once  most  deeply-seated  beds  of  gneiss  would  be  those  which  would 
have  undergone  the  greatest  alteration,  that  traces  of  bedding  in 
them  would  be  rare  or  very  obscure  and  irregular,  and  that  in 
crystalline  structure  they  would  approximate  more  closely  to  plutonic 
rocks  than  the  higher  beds  of  the  series.  In  other  words,  we  should 
expect  to  find  the  older  beds  occurring  in  the  condition  of  coarsely 
crystalline  gneiss,  or  even  of  crystalline  rocks  devoid  of  foliation, 
and  the  younger  of  finer  texture  and  approximating  to  schists. 

In  the  Malvern  range  we  find  the  most  coarsely  crystalline  rocks 
in  the  northern,  and  the  fine-grained  rocks  and  schists  mostly  in  the 
southern  hiUs.     Hence  it  may,  1  think,  be  inferred  that  the  rocks 

*  On  referring  to  Phillips's  Memoir,  the  following  statement  conoerning  what 
he  termed  "  mottled  syenite  "  will  be  found : — "  As  already  obeenred,  it  is  in  the 
northern  parts  of  the  Malvern  range,  and  especially  north  of  the  WoroesterBhire 
Beacon,  that  this  beautiful  rock  appears  most  abundantly.  It  is,  however,  not 
entirely  absent  from  any  of  the  hills,  at  least  in  small  masses.  On  the  crest  of 
Swinyard's  Hill  it  may  be  found  amidst  the  great  variety  of  compounds  which 
that  narrow  and  interesting  ridge  presents."  (Mem.  QeoL  Surv.  vol.  iL  pt.  1, 
p.  41.) 
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•eonstitating  the  northern  parts  of  the  ohain  ore  older  than  those 
which  occur  in  the  southern  end.  The  rocks  of  the  North  Hill  and 
the  Worcestershire  Beacon  are,  as  a  rule,  coarsely  crystalline,  and, 
I  believe,  older  than  those  of  the  Baggedstone  and  its  yicinity, 
which  are  for  the  most  part  of  a  schistose  character.  Owing  to 
frequent  faulting  and  subsequent  denudation,  the  regular  chrono- 
logical sequence  along  the  range  is  more  or  less  disturbed,  and  in 
this  manner  we  meet  with  very  coarsely  crystalline  rocks  in  the 
northern  part  of  Swinyard's  HiU,  only  two  or  three  miles  from  the 
southern  extremity  of  the  chain,  which  appear  closely  to  resemble 
some  of  the  very  old  rocks  in  the  northern  parts  of  the  range. 

The  flanking  beds  of  Palaeozoic  strata,  which  abut  against  the 
western  side  of  the  chsin  throughout  its  entire  length,  occur  only 
on  the  eastern  sides  of  the  southern  hUls ;  and  it  does  not  seem  un- 
reasonable to  suppose  that  their  partial  preservation  on  this  side  is 
due  to  the  downthrow  towards  the  south  of  the  southern  portions  of 
the  old  ridge,  although  it  must  be  admitted  that  there  are  some 
objections  to  this  view. 

Most  of  the  faults  which  cross  the  axis,  generally  in  N.W.  and 
S.E.,  and  N.E.  and  S.W.  directions,  have  been  indicated  by  Dr.  HoU, 
who  has  traced  them  by  means  of  breccias,  or  inferred  their  ex- 
istence from  marked  discrepancies  in  the  strike  of  the  beds.  An 
examination  of  the  ground  shows  how  carefully  he  has  done  this ;  but 
I  have  ventured  here  and  there  to  extend  some  of  these  linos  of  fault 
from  the  Silurian  area  across  the  gneissic  rocks,  on  the  strength  of 
somewhat  meagre  evidence  not  recorded  in  his  paper. 

As  already  mentioned,  one  of  the  most  striking  lithological 
features  of  this  range  consists  in  the  generally  coarsely  crystalline 
xiharacter  of  the  rocks  forming  the  North  Hill,  the  Sugarloaf,  the 
"Worcestershire  Beacon,  the  Herefordshire  Beacon,  and  the  northern 
part  of  Swinyard's  Hill.  These  constitute  two  well-marked  masses 
when  regarded  lithologically — the  first  extending  from  the  northern 
-end  of  the  chain  to  the  Wych,  while  the  second  reaches  from  the 
northern  foot  of  the  Herefordshire  Beacon  to  the  fault  which  crosses 
Swinyard's  Hill. 

These  two  masses  consist,  for  the  most  part,  of  coarsely  crystal- 
line gneissic  rocks,  sometimes  hornblendic,  at  others  micaceous; 
while  non- foliated  rocks  of  similar  mineral  constitution  also  occur, 
which  may  be  regarded  as  syenite  and  granite.  Beds  of  much  finer 
texture  are  also  met  with  within  these  areas,  but  the  general 
character  of  the  two  masses  is  a  coarsely  crystalline  one. 

The  contrast  between  these  rocks  and  those  which  constitute  the 
other  portions  of  the  range,  which  consist  mostly  of  schists  and  thinly 
bedded  gneissic  rocks  of  finer  texture,  has  been  specially  noticed 
both  by  the  late  Professor  John  Phillips  *  and  by  Dr.  Holl. 

*  "  Schistose  rocks  more  or  less  approaching  the  character  of  gneiss  are  more 
abundant  in  the  Malvern  Hills  than  might  be  expected.  They  occur  prin- 
cipally in  the  West  Ba^edstone  Hill,  about  its  summit ;  in  the  northern  parts 
of  the  Midsummer  Hm,  and  in  the  hills  south  of  the  Wych ;  but  there  are 
curious  other  more  limited  exhibitions  of  such  compounds."  (Mem.  Geol.  Sunr, 
1^1.  iL  pt  1,  p.  43.) 
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The  first,  or  northern,  coarsely  crystalline  mass  is  oat  off  on  the 
south  hy  a  fault  near  the  Wych  Pass;  while  the  other  coarsely 
crystalline  mass  is  hounded  hy  a  fault  on  the  north  of  tho  Here- 
fordshire Beacon,  and  hy  another  which  cuts  across  Swinyard's  fiill^ 
near  the  highest  part  of  the  ridge.  It  is  to  these  three  faults  that 
I  would  specially  direct  attention,  as  they  appear,  from  adjacent 
lithological  evidence,  to  he  the  principal  di^ocations  of  the  chain. 

We  will  deal  first  with  the  northern  mass.  Dr.  HoU  states  * 
that  there  is,  nearly  opposite  the  ravine  (the  Dingle)  which 
separates  the  Worcestershire  Beacon  from  Summer  Hill,  a  fault 
which  ''  has  carried  the  Woolhope  Limestone,  on  its  southern  side, 
30  yards  further  to  the  west." 

Meeting  with  hreccia  on  the  eastern  slope  of  the  range  in  the 
vicinity  of  St.  Ann's  Well,  it  occurred  to  me  that  it  might  indicate  a 
fault  and  that  the  line  of  fault  just  alluded  to,  and  which  is  shown  on 
the  map  accompanying  Dr.  HoU's  paper,  would,  if  produced,  touch 
the  spot  at  which  this  breccia  occurs.  Drawing  such  a  line  across  the 
Ordnance  six-inch  scale  map,  I  endeavoured  to  trace  the  breccia,  and 
found  a  small  exposure  of  it  just  where  the  line  crossed  the  ridge  of 
the  hill,  above  and  a  little  to  the  south  of  the  head  of  the  Dingle. 
Several  hours  of  search  for  further  evidence  resulted  in  the  discovery 
of  breccia  at  various  points,  near  the  line,  but  sufficiently  far  from 
it  to  show  that,  if  the  breccia  indicated  a  fault,  it  was  either  very 
sinuous  or,  more  probably,  was  itself  faulted  by  transverse  disloca- 
tions. I  think,  however,  it  may  be  assumed  that  a  fault  does 
actually  cross  the  range  at  this  point ;  for,  apart  from  the  occurrence 
of  breccia,  the  strike  of  the  rocks  composing  the  Worcestershire 
Beaoon  does  not  agree  with  the  general  strike  of  those  on  the  other 
side  of  a  line  drawn  along  the  Dingle  and  over  the  ridge  to  St. 
Ann's  Well. 

Eoughly  classifying  the  chief  rocks  of  the  Malvern  axis,  we  may 
separate  them  into  three  groups,  viz. : — 

Upper  group  =  Schists  and  fine-grained  gneiss. 
Middle  group  =:Fine-  and  medium-grained  gneiss. 
Lower  group   =  Medium-  and  coarse-grained  gneiss,  with 
diorite  and  granite. 

Between  these  groups  there  exist  no  definite  lines  of  demarca- 
tion, all  three  groups  being  composed  of  alternating  beds  of  variable 
texture. 

The  Upper  group  is,  however,  specially  characterized  by  the 
prevalence  of  schists,  while  the  Lower  group  consists  mainly  of  beds 
of  very  coarsely  crystalline  gneiss  alternating  with  granite,  syenite, 
and  diorite. 

The  range  from  the  extreme  north  to  the  Wych  consists  mainly 
of  the  Lower,  with  perhaps  the  base  of  the  Middle  group. 

Prom  the  Wych  to  the  Herefordshire  Beacon  the  rocks  belong 
chiefiy  to  the  Middle  group.     But  it  seems  probable  that  some  of 

*  Op.oii.jp.96. 
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ihe  highest  beds  a  little  south  of  Malvern  Wells  should  be  referred 
to  the  base  of  the  Upper  group. 

The  Herefordshire  Beacon  is  probably  composed  chiefly  of  the  top 
of  the  Lower  and  bottom  of  the  Middle  groups,  but  exposures  of 
rock  are  not  very  Dumerous ;  while  the  northern  part  of  Swinyard's 
Hill  belongs,  I  believe,  to  the  Lower  group.  South  of  the  fault 
which  crosses  Swinyard's  Hill  down  to  the  south  end  of  the  range 
the  rocka  belong  to  the  Upper  group,  except  perhaps  the  southern 
portion  of  Midsummer  Hill,  which  may  represent  the  top  of  the 
Middle  Group. 

Li  support  of  such  evidence  as  appears  to  me  to  denote  repetition 
of  the  gneissic  beds,  I  cannot  do  better  than  quote  the  sequence  of 
rocks  recorded  by  Dr.  Holl  in  various  parts  of  his  paper,  since, 
although  he  disclaims  any  belief  in  the  repetition  of  these  beds,  his 
observations  are  in  most  instances  of  a  much  more  detailed  character 
than  my  own.  Thus  on  pp.  76  and  77  of  his  paper  he  gives  a  list 
of  the  beds  traversed  in  passing  from  the  southern  to  the  northern 
end  of  Swinyard's  Hill,  stating  the  approximate  thicknesses  aa 
shown  along  the  crest  of  the  hill. 

Beginning  at  the  south  end  he  records : — 

ft. 

Micaceous  schist  and  fine-grained  gneissic 
rocks,  with  a  few  sabordinate  bands  of  horn- 
blende-schist      665 

Fine-grained  red  granulite  95 

Fine-grained  gneissic  rocks  and  mica-schist, 
with  a  few  narrow  bands  of  hornblende- 
schist 665  1 

Hornblende-schist 15       ft. 

Mica-schist 15      680 

Unseen    85 

Here  we  have,  assuming  his  granulite  to  form  the  axis  of  a  fold,. 
665  feet  of  rock  on  one  side,  corresponding  more  or  less  precisely 
in  lithological  characters  with  595  feet  of  rock  on  the  other  side, 
with  a  margin  of  85  feet  of  unseen  rock  to  supply  a  deficiency  of 
70  feet. 

These  beds  belong  to  what  I  have  here  termed  the  Upper  Group. 
They  are  succeeded  on  the  north,  according  to  Dr.  Holl,  by  trap- 
rock,  micaceous  and  homblendic  schists,  and  fine-grained  gneissic 
rocks  with  subordinate  bands  of  hornblende-schist.  Then  follows 
what  I  conceive  to  be  another,  but  a  minor,  fold,  viz. : — 

ft. 
Diorite,    rich    in  hornblende,   with  small  quartzo- 

felspathio  veins 22 

Schist 3 

Diorite,    rich   in   hornblende,  with  many   quartzo- 

felspathic  veins  25 

Here,  then,  judging  by  the  approximate  thicknesses,  we  have  in 
all  probability  a  repetition  by  flexure. 

If  the  coarsely  crystalline  rocks  forming  the  northern  part  of 
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Swinjard's  Hill  be  a  re-emergence  of  the  beds  forming  the  Wor- 
cestershire Beacon,  it  then  becomes  interesting  to  compare  the 
immediately  superincumbent  rocks  in  the  Herefordshire  Beacon  and 
those  in  the  tract  lying  between  the  Wych  and  the  Worcestershire 
Beacon ;  and  we  may,  for  this  purpose  take  Dr.  HoU's  statements 
as  a  close  approximation  to  the  truth. 

In  the  Herefordshire  Beacon  ho  records  the  presence  of  gneissic 
rocks,  both  homblendic  and  micaceous,  mica-schists,  homblendic 
rock,  and  large  granite  veins. 

From  the  Wych  to  halfway  up  the  southern  slope  of  the 
Worcestershire  Beacon  he  also  notes  the  occurrence  of  mica-schists, 
hornblende-schists,  gneissic  rocks,  diorites,  granitoid  rocks,  and 
granite  veins.  In  this  series,  out  of  a  roughly  paced  distance  of 
677  yards,  about  400  yards  consists  of  rocks  described  as  schistose 
and  gneissic,  and  it  therefore  seems  quite  possible  that  they  are 
the  northern  representatives  of  the  rocks  forming  the  Herefordshire 
Beacon,  which,  as  already  mentioned,  may  probably  be  referred  to 
the  upper  part  of  the  Lower  and  the  lower  portion  of  the  Middle 
groups.  In  these  questions  of  correlation  I  speak  with  great  diffi- 
dence and  must  disclaim  any  wish  to  dogmatize.  I  would  rather 
suggest,  leaving  future  observers  to  draw  their  own  conclusions. 
The  probability  of  the  repetition  of  beds  here  indicated  has  gradually 
forced  itself  upon  me,  both  from  field-work  and  in  the  endeavour  to 
<}onstruct  an  intelligible  section*  through  the  range;  and,  on 
reference  to  the  latter,  it  wUl  be  seen  that  the  elevations  and  sub- 
sidences of  the  larger  rock-masses  have,  I  think,  often  occurred 
somewhat  unevenly,  while,  in  addition  to  this,  I  believe  that  some 
of  them  have  sunk  more  or  less  to  the  east  or  west  during  the 
movements  which  have  shattered  and  faulted  the  ancient  ridge. 

Throughout  this  paper  I  have  spoken  of  the  bands  of  gneiss, 
schist,  and  other  rocks  which  constitute  the  chief  mass  of  the 
Malvern  Hills,  as  beds.  This  has  been  done  partly  for  the  sake  of 
convenience  and  partly  because  the  foliation  of  these  rocks  seems,  as 
a  rule,  to  be  parallel  to  the  divisional  planes  which  appear,  on  the 
ground,  to  represent  stratification.  Aware  of  the  difficulties  which 
environ  questions  connected  with  foHation,  I  would,  indeed,  prefer 
to  employ  the  expression  divisional  planes  in  lieu  of  stratification, 
bedding,  or  any  more  precise  term.  Darwin,  whose  observations  on 
this  subject  are,  in  the  main,  opposed  to  the  assumption  that  direc- 
tions of  foliation  agree  with  those  of  bedding,  has  remarked  that 
the  strike  of  the  foliation  in  most  countries  lies  parallel  to  axes  of 
elevation  f ;  but  if  the  ridge  of  the  Malvern  hills  be  an  axis  of 
elevation,  the  general  law  which  he  here  enunciates  is  apparently 
violated  throughout  a  considerable  part  of  the  range. 

That  such  repeated  change  in  the  strike  of  the  divisional  planes 

*  The  TiewB  of  the  late  Professor  Phillips,  although  giyen  in  oonsiderable 
detail  in  the  Memoirs  of  the  Geological  Surrey,  are  simply  expressed  on  the 
published  sections  by  a  wash  of  vermilion. 

t  '  Geological  Observations  on  South  America/  1846,  p.  166.  See  also 
<Scrope's  *  Yolcanos,'  2nd  ed.  1862,  p.  299. 
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may  have  been  brought  about  by  the  faulting  of  rocks  in  which 
there  may  have  been  once  a  persistently  uniform  strike,  is,  however, 
a  possibility  not  unworthy  of  consideration*.  On  the  other  hand, 
the  arguments  in  favour  of  the  divisional  planes  being  old  planes  of 
bedding  appear  to  rest  on  the  parallelism  of  the  foliation  to  the 
divisional  planes,  on  the  seeming  interstratifioation  of  rocks  which 
•exhibit  no  foliation,  on  the  marked  differences  in  texture  shown  by 
adjacent  bands  or  beds,  and  also  on  the  differences  which  occur  in 
their  respective  mineral  constitution.  If  we  assume  these  rocks  to 
be  metamorphosed  sediments,  it  follows  that  they  were  originally 
bedded,  but  it  does  not  necessarily  follow  that  they  were  all  sub- 
sequently affected  by  cleavage;  and  we  do  not  therefore  seem 
justified  in  the  inference  that  the  foliation  in  this  case  is  parallel  to 
structural  planes  which  may  have  existed,  to  the  exclusion  of  the 
possibility  that  it  may  be  parallel  to  others  which,  if  the  rocks  be 
metamorphosed  sediments,  we  feel  assured  did  exist  t. 

The  reference  of  cases  of  more  or  less  advanced  metamorphism, 
and  the  accompanying  phenomenon  of  foliation,  to  the  shearing  or 
creeping  movement  of  one  rock-mass  over  another,  may  induce  many 
to  search  in  the  Malvern  range  for  evidences  of  disturbance  other 
than  those  already  mapped  as  faults.  Fending  the  result  of  such 
inquiries,  it  seems  better  to  leave  one's  mind  in  a  receptive  state 
than  to  crowd  it  with  opinions  of  questionable  value. 

In  the  meanwhile  strikes  and  dips  indicate  the  directions  and 
inclinations  of  structural  planes ;  but  whether  those  planes  denote  an 
original  stratification  is  an  open  question  and  one  upon  which  it 
seems  unsafe  to  express  any  decided  opinion. 

The  upheavals  and  plications  which  the  older  rocks  have  undergone 
render  it  more  than  likely  that  in  many  mstances  the  steeply 
inclined  planes  of  foliation  do  actually  agree  with  steeply  and 
similarly  inclined  planes  of  original  stratification  in  rocks  in  which 
cleavage  has  not  been  induced,  at  least  to  some  extent  and  along 
parallel  portions  of  folds.  On  the  other  hand,  the  facts  recorded  by 
good  and  competent  observers  show  that  in  a  great  number  of  cases 
unanswerable  proof  exists  that  often,  over  wide  areas,  the  planes  of 
foliation  agree  with  planes  of  cleavage,  and  do  not  in  any  way 
correspond  with  planes  of  original  stratification. 

Interbedded  lavas  and  other  eruptive  rocks  are  also  frequently 
present  in  most  of  the  older  formations,  and  it  is  therefore  needful 
to  remember  thia  in  accounting  for  some  of  the  more  strongly 
marked  lithological  differences  in  contiguous  bands. 

*  The  foliation  was  doFeloped  in  the  range  before  the  faults  were  formed, 
since  the  faults  cause  marked  changes  in  the  direction  of  foliation.  In  de- 
scribing the  old  ridge  of  t  he  Malvern  Hills  as  an  axis  of  eleyation,  we  are 
probably  expressing  merely  a  partial  truth,  since  the  ridge  is,  most  likely,  only 
an  upcast  portion  of  an  axis  of  elevation,  disrupted  by  north  and  south 
fissures. 

t  The  late  David  Forbes  contddered  that  the  direction  of  foliation  agreed  in 
all  cases  with  the  planes  of  least  resistance,  whether  plunes  of  stratification  or 
-cleavage,  or,  in  eruptive  rocks,  with  **  striae  of  fusion."  ("  The  Structure  of  Rock 
Masses,''  Popular  Sdenoe  Beview,  yoI.  x.  p.  236.) 
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Again,  we  muBt  remember  that  cleavage-  and  other  superinduced 
structural  planes  do  not  bound  any  marked  differences  in  texture  or,, 
more  especially,  in  mineral  constitution,  unless  they  agree  with 
planes  of  stratification ;  and  this  appears  to  be  a  matter  worth  some 
consideration,  for,  if  foliation  invariably  agree  with  planes  which 
are  not  planes  of  stratification  or  lamination,  we  have  to  accoxm.t 
for  the  very  marked  differences  in  texture  and  often  in  mineral 
constitution  which  are  frequently  met  with  in  metamorphic  rocks, 
and  which  certainly  simulate,  even  if  they  do  not  actually  represent, 
bedding.  In  a  district  such  as  the  Malvems  it  is  most  easy  to  be 
led  astray  by  appearances,  and  amid  the  many  tempting  possibilities 
which  present  themselves  a  wrong  one  may  be  chosen.  It  may  be 
that  I  have  done  so  in  treating  these  gueissic  and  schistose  bands 
as  stratified  beds  of  rock ;  but,  if  so,  the  error  begins  and  ends  with 
the  treatment;  for  although  I  am  inclined  to  believe  that  the 
divisional  planes,  with  which  the  foliation  appears  to  be  parallel, 
may  be  planes  of  original  stratification,  and,  although  I  have  based 
the  accompanying  section  upon  such  a  possibility,  I  regard  these 
planes  for  the  present  merely  as  structural  planes  of  some  sortj 
between  which  the  rocks  exhibit  divers  lithological  characters  *. 


Note  to  accompany  the  Plans  and  Section, 

Por  the  sake  of  clearness  two  plans  are  given  in  juxtaposition,  on 
one  of  which,  fig.  2,  only  the  faults  are  shown.  Those  given  on 
Dr.  Hoirs  map  are  represented  by  continuous  thick  lines,  while  my 
own  extensions  of  them  are  indicated  by  dotted  lines.  The  outcrops 
of  the  Upper  Llandovery  beds  and  the  Woolhope  limestone  on  the 
western  flank  of  the  range  serve  to  show  the  direction  of  the  dis- 
placements produced  by  some  of  these  faults. 

On  the  other  plan,  fig.  I,  strikes  and  dips  as  well  as  faults  are 
represented,  those  strikes  recorded  by  Dr.  Holl  being  shown  by 
continuous  strokes,  while  those  which  I  have  added  from  observa- 
tions made  on  the  ground  are  denoted  by  dotted  lines.  The 
accompanying  section  (fig.  3)  must  be  regarded  as  more  or  less  dia- 
grammatic, its  purpose  being  to  iUustrate  the  views  put  forward  in 
this  paper  concerning  the  general  structure  of  the  range. 

To  render  the  section  less  confused,  the  trap-dykes  and  the 
numerous  granite  or  pegmatite  veins  which  have  been  described 
are  omitted,  since  although  there  is  abundant  evidence  that  some  of 
them  are  intnisive,  it  seems  by  no  means  certain  that  many  of 
those  which  follow  the  general  strike  of  the  beds  do  not  actually 
belong  to  the  gneissic  series  in  which  they  occur. 

*  During  the  completion  of  the  first  part  of  this  paper,  in  which  the  work 
of  Dr.  Harrey  B.  Holl  is  so  frequently  cited,  ^ame  the  sad  intelligenoe  that 
that  skilled  geologist  had  been  taken  from  our  ranks. 

He  leaves  to  us  in  his  writings  a  lasting  memorial  of  conscientious  research. 
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The  greatest  yeiidcal  displacement  indicated  in  the  section  is 
connected  with  the  fault  which  crosses  Swinjard's  Hill,  and,  as 
drawn,  it  would  appear  to  be  about  3000  feet ;  but  it  is  very 
probable  that  this  amount  of  throw  may  be  divided  between  this 
and  two  other  possible  faults,  one  of  which  may  occur  in  Phillips's 
"  Silurian  pass "  on  the  north  of  Swinyard's  Hill,  while  the  other 
may  be  situated  in  "The  Gullet"  between  Swinyard's  Hill  and 
Midsummer  Hill.  This  view  derives  some  support  from  a  statement 
made  by  Dr.  HoU  to  the  effect  that  'Hhe  several  passes  which 
divide  the  chain  of  the  hills  at  intervals  are  probably,  some  of  them 
at  least,  determined  by  lines  of  fault,  as  the  direction  of  the  strike 
of  the  rocks  on  opposite  sides  of  these  passes  is,  in  some  cases, 
abruptly  altered  '*  *. 

"No  sharp  demarcations  occur  between  the  Upper,  Middle,  and 
Lower  Archsean  groups  which  I  have  here  ventured  to  propose. 
The  very  existence  of  any  one  of  these  groups  depends  upon  the 
predominance  or  paucity  of  schistose  beds,  upon  characters  dependent 
upon  coarseness  of  crystalline  structure,  thickness  of  bedding,  and, 
in  fact,  upon  the  general  nature  of  the  rocks  which  constitute  each 
group. 

Pabt  II. 

On  the  Rocks  of  the  Malvern  Bills, 

In  the  first  part  of  this  paper  the  general  structure  of  the 
Malvern  Range  was  considered ;  but,  at  the  time  it  was  written,  I 
had  not  microscopically  examiued  the  rocks  which  were  collected 
during  my  stay  in  that  district. 

The  details  of  this  microscopic  examination  mainly  constitute 
the  second  part  of  this  paper ;  and  I  may  here  state  that  the  micro- 
scopic evidence  does  not  appear  to  me  to  disagree  in  any  important 
respect  with  the  views  advanced  in  the  earlier  communication,  except 
that  truly  eruptive  rocks  are  more  plentiful  in  the  range  than  I  had 
at  first  imagined.  The  following  details  relate  to  specimens  which 
were  selected  as  typical : — 

No.  1.  North  Hill.  Largest  quarry  mi  North  face  of  hill. — Coarsely 
crystalline  rock,  consisting  of  pinkish-brown  or  flesh-coloured 
felspar,  black  hornblende,  small  scales  of  dark  mica,  and  some 
quartz.  This  rock  shows  very  coarse  and  strongly  marked  folia- 
tion, the  hornblende  and  mica  forming  irregular  and  somewhat 
lenticular  streaks,  which  are  often  an  inch  or  more  in  breadth 
and  arc  rudely  parallel ;  but  the  bands  do  not  appear  to  be  con- 
tinuous, as  a  rule,  for  any  great  distance,  and  a  band  frequently 
thins  out  altogether.  This  is  the  coarsest  example  of  foliation  I 
have  met  with  in  the  Malvern  range.  Under  the  microscope  some 
of  the  larger  felspar-crystals  are  seen  to  be  microcline,  the  twin- 
lamelLe  crossing  approximately  at  right  angles  and  undergoing 
maximum  extinction  when  rotated  15°.     Orthoclase  twinned  on  the 

*  Cip.ci^.  p.  95. 
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Carlsbad  type  is  also  present,  and,  judging  from  the  angles  of 
extinction,  there  is  more  or  less  andesine.  Apatite  crystals  are 
numerous,  and  magnetite  is  also  plentiful,  occasionally  in  octahedra, 
but  mostly  in  irregularly  shaped  patches.  Quartz  is  plentiM,  and 
it  contains  great  numbers  of  fluid  lacunee  which  frequently  lie  in 
more  or  less  well-defined  bands,  an  arrangement  which  is  probably 
due  to  pressure,  as  pointed  out  by  Prof.  Judd  in  the  quartz-grains 
of  certain  crushed  quartzite-pebbles ;  but  in  this  rock  the  stresses 
hare  been  exerted  in  so  many  different  directions,  owing  to  the 
coarsely  crystalline  and  mixed  mineral  constitution  of  the  rock,  that 
the  bands  of  lacunae  seldom  exhibit  any  approximate  parallelism, 
except  in  one  and  the  same  crystal.  The  bubbles  contained  in  the 
liquid  of  many  of  these  lacunse  exhibit  spontaneous  moyement.  A 
bubble  in  one  of  the  largest  lacunsB  shows  this  spontaneous  motion 
very  perfectly,  and  the  drawing  (PI.  XXI.  ^g.  8)  roughly  indicates 
the  course  which  it  followed  while  watched  for  about  a  minute. 
Occasionally  well-formed  tabular  crystals  of  specular  iron  occur  in 
the  quartz.  The  apatite  crystals  lie  within  crystals  of  hornblende 
and  quartz  and  also  within  patches  of  magnetite,  and  OTidently 
represent  the  first-formed  constituents  of  the  rock. 

PI.  XTX.  fig.  1  shows  the  coarsely  crystalline  character  of  this  rock. 
On  the  right,  a  portion  of  a  large  cr3'stal  of  hornblende  is  represented, 
with  a  few  included  crystals  of  apatite  ;  the  remainder  of  the  figure 
shows  portions  of  felspar-crystals  and  some  interstitial  quartz.  The 
rock  is  a  foliated  quartz-syenite  or  homblcndic  granite.  The  paucity 
of  mica,  however,  hardly  entitles  it  to  the  latter  name.  Gneissio 
quartz-syenite  is,  perhaps,  the  most  appropriat<e  term  to  apply  to  it. 

No.  2.  North  Hill,  Largest  quarry.  North  face  of  the  hUl, — A 
rather  finely  crystalline  dark  greenish-grey  rock,  with  pale  greenish- 
grey  streaks  varying  from  a  millimetre  to  a  centimetre  in  breadth. 
This  banding  is  sometimes  very  even  and  parallel,  the  rock  splitting 
more  or  less  readily  along  the  pale  greenish  bands.  Tn  places  the 
bands  are  less  regular  and  have  a  tendency  to  branch. 

Under  the  microscope  the  pale  greenish  streaks  are  seen  to  con- 
sist in  great  part  of  epidotc,  which  has  probably  resulted  from  the 
alteration  of  hornblende.  Some  green  magnesian  mica  is  also 
present.  The  section  contains  one  crystal  in  which  the  change  of 
the  hornblende  has  only  been  partially  effected,  portions  still  showing 
the  characteristic  cleavage  and  strong  pleochroism. 

Much  of  the  felspar  appears,  from  the  extinction-angles,  to  be 
labradorite.  Quartz  is  present  in  irregular  patches,  and  contains 
numerous  fluid  lacuna),  generally  ranged  in  lines,  which,  however, 
do  not  correspond  in  direction  in  the  different  crystals.  The  section 
also  shows  some  good  crystals  of  ai)atite.  There  are  some  portions 
of  the  preparation,  consisting  possibly  of  cordierite,  which  have  been 
altered  into  a  mass  of  minute  fibrous  crystals,  irregularly  felted,  and 
showing,  although  colourless,  strong  absorption  of  light.  Their 
extinction  indicates  that  they  are  rhombic,  and  it  is  probable  that 
they  are  sillimanite  or  natrolite.  Magnetite  is  present,  but  only 
in  small  quantity. 
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An  especially  noteworthy  point  is  the  great  difference  in  texture 
between  this  rock  and  the  rocks  with  which  it  is  associated.  The 
latter  are  very  coarsely  crystalline  and  extremely  rich  in  horn- 
blende. This  rock,  on  the  contrary,  is  of  much  finer  texture,  and 
one  of  its  chief  constituents  is  epidote,  a  mineral  of  secondary  origin. 
The  fibrous  alteration-product  already  mentioned  (sillimanite  or 
natrolite)  chiefly  characterizes  those  particular  bands  in  the  section 
which  give  the  foliated  appearance  to  the  specimen. 

There  is  no  elongation  of  the  quartz-  and  other  constituent  crys- 
tals to  indicate  that  the  banding  of  the  rock  is  due  to  stresses  and 
earth-movements,  which  in  some  cases  are  known  to  induce  foliation 
and  schistose  structure  in  eruptive  rocks,  and  it  seems  by  no  means 
improbable  that  this  rock,  in  its  earlier  condition,  possessed  such 
banded  structure  as  now  exists  in  it  (PI.  XIX.  fig.  2),  and  that  this 
banding  resulted  from  the  accumulation  of  hornblende  &c.  in  certain 
planes  *.  These,  I  believe,  were  planes  of  stratification  ;  and  I  am 
disposed  to  regard  the  rock  provisionally  as  a  highly  altered  sedi- 
mentary deposit  or  an  altered  and  bedded  volcanic  tuff.  Indeed, 
it  seems  very  probable  that  in  the  earlier  periods  of  the  earth's 
history,  when  sedimentary  rocks  must  necessarily  have  formed  a 
far  smaller  proportion  of  the  earth's  crust  than  they  do  now,  the 
products  of  denudation  were  chiefiy  derived  from  rocks  of  an  erup- 
tive type,  and  deposits  formed  of  such  materials  would  approximate 
more  or  less  closely  in  mineral  constitution  to  beds  composed  of 
truly  volcanic  ejectamenta.  The  sedimentary  rocks  of  later  date 
consist,  in  great  part,  of  partially  decomposed  and  triturated  mate- 
rials derived  from  the  repeated  partial  decomposition  and  trituration 
of  rock,  and  there  is,  consequently,  less  probability  now  of  the 
sedimentary  deposits  resembling  volcanic  tuffs  than  there  was  in 
Archaean  times. 

The  minute  structure  of  the  rock  is  not  gneissic  or  schistose,  and 
its  fissile  character  is  dependent  upon  the  layers  of  epidote,  which 
give  it  its  banded  appearance. 

No.  3.  North  Hill.  Easternmost  quarry  on  North  side. — This  is  a 
coarsely  crystalline  rock  apparently  consisting  of  black  hornblende 
and  flesh-coloured  felspar,  and  in  which  traces  of  foliation  are  only 
perceptible  in  large  specimens. 

Under  the  microscope  the  rock  is  seen  to  consist  of  homblcndcy 
triclinic  felspars,  magnetite,  and  apatite.  The  felspars  are  mostly, 
if  not  exclusively,  triclinic,  and  are,  as  a  rule,  more  or  less  altered 
by  the  development  either  of  felsitic  microcrystalline  matter,  or  by 
minute  scales,  with  here  and  there  elongated  negative  crystals 
sometimes  filled  with  decomposition-products.  In  one  of  these 
cavities  a  bubble  is  perceptible.  All  these  results  of  alteration 
follow,  ad  a  rule,  the  direction  of  twin-lamello),  although  at  times 

*  In  aooordaDoe  with  what  is  stated  in  the  concluding  pages  of  this  paper,  I 
may  add  that  it  ia  possible  that  such  a  rock  might  result  from  the  crushing  and 
chemical  alteration  of  a  diorite ;  and  the  proximity  of  diorit«  would  lend 
support  to  this  riew.  The  microscopic  evidenoe  does  not,  however,  appear  to 
ia?our  such  an  hypothesis. — June  28, 1887. 
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they  paBB  in  parallel  lines  across  bucH  lamellse  without  any  acoom- 
panying  twin-lamellation  ;  and  in  such  cases  they  sometimes  appear 
as  dark  opaqne  rods,  probably  the  edges  of  thin  tabular  crystals  of 
minute  dimensions. 

These  alterations  are  evidently  similar  to  those  described  by 
Prof.  Judd  under  the  term  **8chilleriz8tion''*;  and  it  would 
have  been  superfluous  to  figure  them,  since  like  examples  are  admi- 
rably delineated  in  pL  x.,  vol.  xli.  of  this  Journal.  By  reflected 
light  some  of  these  alteration-bands  appear  of  a  pale  greyish-white 
colour ;  they  are  more  opaque  than  the  unaltered  parts  of  the  felspar, 
and  it  seems  highly  probable  that  the  minute  soides,  which  in  great 
measure  made  up  these  bands,  are  kaolin. 

In  one  or  two  cases  the  felspar  crystals  appear  to  undergo  parallel 
extinction ;  and  bearing  in  mind  the  low  extinction-angles  of  some 
of  the  triclinic  felspars,  notably  in  basal  sections  of  oligoclase  and 
andesine,  I  have  felt  some  doubt  in  referring  such  crystals  to  ortho- 
clase  or  to  a  micro-perthitic  growth  of  that  mineral  with  another 
felspar.  There  appears  to  be  no  perceptible  change  of  tint  when  a 
Klein's  plate  is  employed,  and  it  seems  possible  that  the  very  regular 
parallel  bands  of  decomposition-products  may,  in  this  case,  be  fol- 
lowing a  direction  of  cleavage  in  a  monoclinic  crystal.  Due  pre- 
caution was  of  course  taken  to  insure  the  accurate  crossing  of  the 
nicols.  I  am,  however,  still  doubtful  whether  these  crystals  can 
be  regarded  as  orthodase.  Some  of  the  felspars,  indeed  a  lai^ 
proportion  of  them,  appear,  from  their  extinction-angles,  to  be  labra- 
dorite.  Twinning  on  both  the  albite  and  pericUne  types  may 
sometimes  be  met  with  in  the  same  crystal.  Little  or  no  quartz  is 
present,  and  the  rock  may  be  regarded  mineralogically  as  diorite, 
petrologically  as  a  gneissic  diorite  or  homblendic  gneiss.  The 
foliation  of  the  rock  is  scarcely  evident  in  the  microscopic  section, 
except  in  one  or  two  places  where  the  smaller  hornblende  crystals 
show  a  tendency  to  form  short  and  irregular  bands  (PI.  XIX.  fig.  3). 
The  dioritic  character  of  the  rocks  of  the  North  Hill  was  duly 
recognized  more  than  twenty  years  ago  by  Dr.  Harvey  B.  Holl  t. 

No.  4.  North  Hill,  Easternmost  quarry.  North  end, — ^A  very 
coarsely  crystalline  rock  consisting  of  blackish-green  crystals  of  horn- 
blende, ranging  from  a  quarter  of  an  inch  in  diameter  to  smaller 
dimensions,  and  flesh-red  felspar.  This  is  one  of  the  most  coarsely 
cr5^8talline  and  profusely  homblendic  rocks  in  the  whole  range. 

Under  the  microscope  the  larger  proportion  of  the  rock  is  seen  to 
consist  of  hornblende  in  large  crystals,  which  by  transmitted  light 
appear  of  a  green  colour.  The  pleochroism  is  strong  and  the 
cleavages  are  well  defined.  Their  boundaries  are,  however,  irre- 
gular, as  are  those  of  the  felspar  crystals.  The  latter  have  under- 
gone much  alteration,  so  that  it  is  difficult  to  ascertain  their  optical 
characters.     Some  of  them,  however,  are  plagioclastic  and  tolerably 

*  "  On  the  Tertiary  and  Older  Peridotitea  of  Scotland,"  Quart.  Joura.  Goal. 
Soc.  vol.  xli.  p.  376. 

t  *<  On  the  Gbologioal  Straefcare  of  the  Malvern  Hills"  &o.,  Quart.  Joum. 
Oeol.  Soc.  vol  xxi.  p.  83. 
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fresh,  while  the  majority  show  indications  of  twin-lamellation. 
Some  crystals  of  apatite  are  present,  and  there  is  a  little  quartz 
-containing  fluid-endosures ;  bnt  the  latter  mineral  forms  only  a  very 
small  proportion  of  the  rock,  just  enough  to  entitle  it  to  the  name 
of  quartz-diorite.  Taking  the  coarsely  crystalline  structure  of  the 
rock  into  account,  it  should,  perhaps,  rather  be  termed  a  homblende- 
gabbro.  It  does  not  appear  to  be  foliated,  and  is  probably  an 
intrusive  rock.  PL  XIX.  fig.  4  shows  portions  of  the  large  horn- 
blende and  felspar  crystals  as  seen  by  ordinary  transmitted  light  and 
maguified  55  diameters. 

No.  5.  ^ortk  mU,  near  the  top,  South  side, — A  rather  coarsely 
crystalline  dark  iron-grey  rock,  consisting  apparently  of  hornblende 
and  felspar  crystals,  the  former  being,  as  a  rule,  the  larger.  The 
spocimen  exerts  a  moderately  strong  attraction  when  brought  near 
the  magnetic  needle. 

Under  the  microscope  it  is  seen  to  consist  of  hornblende,  triclinic 
felspars,  magnetite,  and  apatite.  The  felspar,  judging  from  its 
extinction-angles,  is  in  most  cases  labradorite.  It  is  considerably 
altered,  as  a  rule,  especially  on  the  borders  of  the  crystals  where 
they  abut  against  the  hornblende,  into  a  microcrystaUine-granular 
material,  probably  felsitic. 

The  magnetite  occurs  in  octahedra  and  in  irregularly-shaped 
patches,  the  apatite  in  well-defined  crystals. 

There  is  no  sign  of  foliation,  either  in  the  specimen  or  in  the 
microscopic  preparation.  Quartz  appears  t-o  be  absent;  and  the 
rock  may  be  regarded  as  a  good  example  of  a  diorite. 

No.  6.  North  Bill  (top). — A  rather  fine-grained,  pinkish,  granitic- 
looking  rock,  showing  sfight  foliation. 

Under  the  microscope  the  section  shows  felspar,  quartz,  horn- 
blende, magnetite,  apatite,  and  kaolin. 

The  felspars  appear  to  be,  in  part  at  least,  triclinic,  but  as  a  rule 
they  are  much  decomposed.  A  very  little  mica  may  be  present. 
The  rock  is  essentially  a  quartz-syenite  or  hornblendic  granite 
(PI.  XX.  fig.  1).  There  is  no  evidence  to  show  that  it  is  a  meta- 
morphic  rock.  From  its  rather  fine  texture  it  may  be  regarded  as 
an  intrusive  sheet  or  dyke  of  no  great  extent. 

No.  7.  North  Hill,  just  south  ofluf/  Scar  Rock  (bench-mark). — A 
very  fine-grained  dark-grey  rock,  resembling  the  whin  of  the  North 
of  England  in  general  appearance. 

Under  the  microscope  the  felspars  show  the  twin-lamellation 
characteristic  of  triclinic  felspars,  and  the  greater  number  of  the 
sections  give  extinctions  of  between  5°  and  6°  and  between  15°  and 
10°.  It  would  appear  therefore  that  the  dominant,  if  not  the  only, 
felspar  is  labradorite.  The  other  constituents  are  hornblende,  mag- 
netite, and  apatite.  The  apatite  occurs  in  well-formed  hexagonal 
prisms  *,  the  hornblende  in  crystals  which  exhibit  no  regular  boun- 
daries, while  the  magnetite,  which  is  plentiful,  occurs  in  octahedra 
or  in  irregular  patches.     Some  opatjue  white  matter  is  also  present : 

*  A  group  of  seven  individuals  occurring  in  this  rock  is  shown  in  Fl.  XXI. 
fig.  9. 

Q.  J.  G.  S.  No.  171  2  L 
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it  results  £rom  the  decomposition  of  the  felspar,  and  is  probably" 
kaolin. 

The  rock  is  a  diorite  (PI.  XIX.  fig.  5). 

No.  8.  Quarry  just  above  West  Malvern  Church, — A  greenish- 
grey  gneissio-looking  rock,  with  very  minute  micaceous  scales.  The 
rock  varies  in  texture,  pinkish  felspar  occurring  in  some  of  the 
bands  in  rather  coarse  crystals. 

Under  the  microscope  the  chief  constituents  are  seen  to  be  tri- 
clinic  felspars,  biotite,  epidote,  apatite,  a  little  quartz,  and  several 
decomposition-products.  The  biotite  appears,  by  transmitted  lights 
to  be  mostly  of  a  sea-green  colour.  The  felspars  often  contain  great 
numbers  of  crystals,  frequently  mere  microliths,  which  undergo- 
parallel  extinction  and  are  probably  mesotype.  The  rock  is  a  mica- 
ceous gneiss. 

No.  9.  Quarry  just  above  West  Malvern  Church. — A  foliated  rock^ 
consisting  of  flesh-coloured  and  narrow  dark-greenish  bands.  The 
former  appear  to  be  chiefly  felspar,  sometimes  showing  crystals  a 
quarter  of  an  inch  in  length. 

Under  the  microscope  the  rock  is  seen  to  be  composed  of  micro- 
dine  in  large  crystals  without  any  regular  boundaries,  and  showing^ 
the  characteristic  crossed  twin-lamellation  very  distinctly,  with  the 
usual  extinction- angles;  quartz,  biotite  forming  thin  irregular  bands 
which  mark  the  foliation  of  the  rock,  a  little  epidote  and  irregularly 
shaped  and  sparsely  distributed  grains  of  magnetite  or  titaniferous 
iron,  probably  the  latter,  as  the  grains  are  sometimes  surrounded 
by  an  opaque,  yellowish-white  substance,  which  may  be  leucoxene. 
In  general  terms  the  rock  may  be  designated  biotite-gneiss.  The 
foliation  is  shown  in  PI.  XIX.  fig.  6. 

No.  10.  Large  quarry  {Leighion^s)  at  the  mouth  of  the  Dingle, 
between  the  Worcestershire  Beacon  and  North  Hill, — A  fine-grained, 
bluish-grey,  crystalline  rock,  resembling  whin,  and  showing  a  few 
minute  specks  of  pyrites.  The  specimen  selected  is  an  average 
sample  of  the  stone  now  being  quarried  for  road-metal.  The  rock 
strongly  attracts  the  magnetic  needle. 

Under  the  microscope  it  appears  to  consist  of  pale-green  horn- 
blende considerably  altered  (but  crystals  occasionally  give  an 
extinction-angle  of  19°  from  the  vertical  axis),  biotite,  lath-shaped 
crystals  of  felspar  much  decomposed,  but  some  tolerably  fresh, 
showing  micro-pegmatitic  structure,  and  others  twin-lamellse  in 
which  the  extinctions  indicate  labradorite.  Magnetite  is  plentiful, 
and  there  is  a  little  pyrites.  The  biotite  is  of  a  green  colour ;  and 
it  is  a  matter  of  some  difiiculty  to  distinguish  between  it  and  the 
hornblende,  as  they  are  often  intimately  associated.  The  rock  is 
apparently  an  altered  mica-diorite  (PI.  XIX.  ^^,  7). 

No.  11.  Worcestershire  Beacon.  North  side  near  the  summit. — Avery 
fine-grained  pale  pinkish-grey  cr}'stalline  rock  resembling  elvan  or 
granulite.  Seen  under  a  pocket- lens  it  appears  to  consist  of  pinkish 
felspar,  quartz,  and  minute  deep-red  grains  which  are  seemingly 
garnets.  Under  the  microscope  the  constituents  are  seen  to  be  those 
already  enumerated.     The  grains  composing  the  rock  are  all  of  them 
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irregular  in  form  and  appear  to  be  bound  together  by  a  crypto- 
crystalline  cementing  material.  The  felspar  appears  to  be  orthockse ; 
the  garnets  are  only  to  be  recognized  by  their  isotropy,  while  the 
quartz  contains  numerous  fluid  lacunte,  some  of  them  with  bubbles 
which  exhibit  spontaneous  movement  when  examined  under  a  power 
of  about  800  linear. 

The  rock  is  a  granulite  and,  in  common  with  rocks  of  this  class, 
is  remarkably  tough  under  the  hammer.  Portion  of  a  thin  section 
as  it  appears  between  crossed  nicols  and  magnified  55  Knear  is 
shown  in  PL  XIX.  fig.  8. 

No.  12.  Worcestershire  Beacon.  JS'ortk  side  near  summit. — A 
granitic-looking  rock,  coarsely  crystalline  and  apparently  composed 
of  quartz,  pink  felspar,  and  mica. 

Under  the  microscope  the  constituents  are  seen  to  be  microcline, 
quartz,  biotite,  and  apatite.  Here  and  there  a  little  limonite  and 
specular  iron  occurs ;  one  or  two  small  crystals  of  hornblende  may 
be  seen,  in  which  the  angle  c  :  c  is  exceptionally  large,  being  over 
30°.  The  pleochroism  is  somewhat  distinct.  The  biotite,  when 
examined  under  a  tolerably  high  power,  is  found  to  be  spotted  with 
stains  and  patches  of  ferric  oxide,  and  in  some  places  scales  of 
specular  iron  are  developed.  In  other  cases  spicular  bodies  which, 
when  magnified  about  800  diameters,  are  seen  to  consist  of  strings 
of  globuUtes  massed  in  small  fasciculi  appear  dark  and  opaque 
except  towards  their  ends,  where  their  component  globulitic  strings 
are  frayed  out  and  the  globulites  are  seen  to  be  translucent.  These 
globulitic  crj^stals,  for  as  such  they  may  be  regarded,  probably 
represent  an  early  stage  in  the  development  of  some  such  mineral 
as  hornblende.  Furthermore,  they  intersect  at  angles  of  60°  in 
basal  sections  of  the  biotite,  and  evidently  lie  in  the  directions  of 
the  three  lines  which  form  the  percussion-figure  of  this  mica.  In 
sections  normal  or  oblique  to  the  cleavage  of  the  biotite  they  appear 
merely  as  dark  lines  which  follow  the  cleavage-planes.  There  is  a 
certain  resemblance  in  this  arrangement  which  recalls  the  well- 
known  crystals  of  specular  iron  in  the  Pennsbury  mica,  but  the 
latter  have  sharply  defined  boundaries.  Crystals  and  scales  of 
specular  iron  also  occur  in  the  biotite  of  this  Malvern  rock,  asso- 
ciated and  sometimes  in  contact  with  the  globulitic  crystallites 
just  described;  but  here,  too,  the  specular  iron  exhibits  sharply 
defined  boundaries,  and  there  is  no  doubt  that  whatever  the  globulitic 
bodies  may  be,  they  represent  the  incipient  development  of  some 
mineral  which  retains  any  iron  it  may  contain  in  the  protoxide 
state,  since  the  globulites  are  either  colourless  or  pale  green  ;  but, 
since  the  surrounding  biotite  is  of  a  green  colour,  it  is  difiScult  to 
say  what  their  colour  would  be  by  transmitted  light,  if  isolated.  By 
reflected  light  the  opaque  portions  of  these  crystallites,  where  the 
globulites  have  become  densely  packed,  appear  of  a  pale  green  or 
greenish  white.  A  drawing  of  some  of  them,  as  seen  by  substage 
illumination  and  magnified  850  linear,  is  given  in  PL  XXI.  ^g.  6. 

The  rock  is  granite.  Portion  of  the  section  magnified  18  linear 
is  shown  in  PL  XX.  ^g.  2. 

2l2 
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No.  13.  Worcestershire  Beac&n,  North  side  of  summit. — A  greenish- 
grey  crystalline  rock,  apparently  composed  to  a  large  extent  of  horn- 
blende crystals  varying  from  about  2  millim.  to  smaller  dimensions. 
Under  the  microscope  it  is  seen  t/O  consist  of  hornblende,  decomposed 
felspars,  apatite,  and  magnetite.  The  hornblende  is  very  fresh.  The 
cleavages  are  well  defined  and  the  pleochroism  strong ;  a = brownish- 
yellow,  6  =  dark  brownish-green,  c= bluish-green.  The  felspars  are 
in  too  advanced  a  stage  of  decomposition  to  admit  of  any  determi- 
nation, bit  a  few  of  them  show  faint  indications  of  twin-lamellation. 
The  magnetite  occurs  in  irregular  grains  (PL  XX.  fig.  3). 

The  rock  is  possibly  a  syenite,  probably  a  diorite.  The  altered 
condition  of  the  felspar  precludes  a  decided  opinion. 

No.  14.  Worcestershire  Beacon.  Summit. — ^A  crystalline  rock 
apparently  composed  of  dark  green  crystals  of  hornblende  and 
pinkish-grey  felspar. 

Under  the  microscope  the  constituents  are  found  to  be  hornblende, 
triclinic  felspars  which  show  the  extinction-angles  of  labradorite, 
apatite  and  magnetite.  A  little  quartz  is  also  present,  but  it  certainly 
cannot  be  regarded  as  an  essential  constituent  of  the  rock,  which  is 
a  diorite.  The  section  shows  no  traces  of  foliation.  It  is  an  erup- 
tive rock,  and  its  general  appearance  in  situ  is  that  of  a  vertical 
dyke  about  18  inches  to  2  feet  broad. 

Portion  of  a  section  magnified  18  linear  is  shown  in  PI.  XX.  fig.  4, 
as  seen  between  crossed  nicoL). 

No.  15.  Worcestershire  Beacon.  North  side  of  summit. — ^A  very 
fine-grained,  pale  bluish-grey  crystalline  rock.  Epidote  in  small 
grains,  triclinic  felspar,  quartz,  and  sparsely  disseminated  grains  of 
magnetite  appear,  under  the  microscope,  to  be  the  chief  constituents 
of  this  rock  (PI.  XX.  fig.  5).  Here  and  there  a  faintly  defined  linear 
arrangement  of  the  epidote  may  be  seen,  as  shown  in  the  drawing, 
but  it  can  hardly  be  regarded  as  foliation.  The  rock  is  probably 
an  altered  quartz-diorite,  but  it  may,  in  its  present  condition,  be 
looked  upon  almost  as  epidosite. 

No.  16.  Herefordshire  Beacon.  North  side,  near  top  of  ancient 
British  Gamp. — A  fine-grained  crystalline  greenish-grey  rock  with 
small  blackish-green  porphyritic  crystals.  Under  the  microscope 
the  latter  are  seen  to  be  hornblende,  and  ragged  fibrous-looking 
crystals  of  this  mineral  appear  to  constitute  a  large  proportion  of 
the  rock  and,  from  their  arrangement,  to  give  rise  to  a  wavy  and 
faintly  foliated  structure  (PI.  XX.  fig.  6),  Minute  granular  crystals 
of  epidote  are  plentiful,  while  patches  of  magnetite,  often  accom- 
panied by  a  little  haematite,  are  common.  The  remainder  of  the 
section  appears  to  consist  of  felspar,  for  the  most  part  decomposed. 

Judging  from  the  general  appearance  of  the  rock  under  the 
microscope,  it  seems  highly  probable  that  it  is  an  altered  diabase  or 
andesite  tuff ;  but  it  is  also  possible  that  the  foliation  in  this,  as  in 
some  other  cases,  may  be  due  to  shearing. 

No.  17.  Herefordshire  Beacon.  North  side,  near  top  of  British 
Camp. — Dark  bluish-grey  to  reddish-brown  crystalline  rock,  show- 
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ing,  on  a  cut  surface,  small  reddish-brown  and  greyish-white 
blotches  on  a  dark  bluish-grey  ground. 

Hornblende,  triclinic  felspars,  quartz,  epidote,  apatite,  and  a  little 
pyrites  and  chlorite  appear,  under  the  microscope,  to  be  the  principal 
constituents  of  this  rock. 

Some  of  the  felspars,  judging  from  their  extinction-angles,  are 
labradorite,  while  others  occasionally  give  an  extinction -angle  of 
89°,  and  must  consequently  be  referred  to  anorthite.  Tho  horn- 
blende appears  of  a  pale  green  colour  by  transmitt-ed  light ;  it  occurs 
in  irregularly  bounded  crystals  which  show  the  characteristic  cleavage. 
The  epidote  occurs  in  moderate -sized  crystals  and  in  small  grains. 
The  quartz  has  segregated  so  as  to  form  distinct  bands,  which 
alternate  with  the  very  irregular  bands  of  hornblende,  epidote,  &c., 
through  which  more  or  less  quartz  is  also  disseminated. 

It  is  difficult  to  assign  any  precise  origin  to  this  rock  ;  it  might 
quite  well  have  resulted  from  the  degradation  of  syenitio  rocks  or 
homblendic  gneiss.  It  may  even  be  regarded  as  a  fine-grained 
homblendic  gneiss,  and  it  is  to  the  latter  rock  that  I  am  inclined  pro- 
visionally to  refer  it.  Its  general  appearance  by  ordinary  transmitted 
light  under  an  amplification  of  18  linear  is  shown  in  PL  XX.  fig.  7. 

No.  18.  Herefordshire  Beacon,  Close  to  and  on  the  west  of  the 
Cave, — Bather  coarsely  crj'stalline  dark  greenish-grey  rock  resem- 
bling basalt 

Under  the  microscope  the  constituents  are  seen  to  be  augite, 
triclinic  felspars,  apatite,  pyrites,  and  serpentine  (PL  XX.  fig.  8). 
The  crystals  of  augite  are  occasionally  over  ^\)-  inch  in  length.  The 
characteristic,  almost  rectangularly-intersecting  cleavages  may  be 
seen  in  the  basal  sections.  The  crystals  are  intersected  by  strong 
and  very  irregular  fissures,  frequently  accompanied  by  peroxide 
of  iron,  which  communicates  a  rusty  stain  to  the  augite  for 
a  slight  distance  bordering  the  cracks.  Here  and  there  minute 
scales  of  specular  iron  may  also  be  seen  lying  within  the  substance 
of  the  augite.  In  sections  parallel  to  010  the  measurements  of  the 
extinction  c :  c  vary  but  little  from  38°.  These  augite-crystals 
barely  exhibit  a  trace  of  pleochroism.  The  felspars  show  by  their 
extinction-angles  that  some  of  them  are  labradorite,  while  others, 
and  those  perhaps  the  more  numerous,  are  anorthite.  The  latter 
show,  as  a  rule,  less  twin-lamellation  than  the  labradorite,  and  the 
extinction-angle  measured  in  four  or  five  sections  is  37°  and  some- 
times 38°.  Pale  green  patches  of  serpentine  are  common  in  the  rock 
and  probably  result  from  the  alteration  of  olivine.  No  distinct  forms 
which  can  be  referred  to  crystals  of  olivine,  however,  are  to  be  met 
with  in  the  preparation.  The  pyrites  occur  in  very  irregularly-shaped 
patches  often  traversed  by  a  labyrinth  of  channels  and  generally 
very  much  cut  up  by  branching  cracks,  which,  when  seen  by  reflected 
Hght,  appear  to  be  filled  with  haematite,  while  the  pyrites  is  very 
frequently  seen  to  be  intimately  associated  with  magnetite,  the 
latter  mineral  always  enveloping  the  pyrites.  Prom  its  mineral 
constitution  the  rock  appears  to  be  related  to  eucrite. 

An  analysis  of  a  rock  from  the  same  locality,  no  doubt  the  same 
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rock,  has  been  given  by  the  Rev.  J.  H.  Timins  (analysis  xxxvii.* 
This  analysis  is  subjoined,  together  with  one  of  eucrite  lava  from 
Thjorsd  in  Iceland  t : — 


Silica. 

Alumina. 

Iron 
Oxides. 

Lime. 

Magnesia. 

Loss  on        Alkaliefl 
Ignition,     and  Loss. 

xxxvii 

49-37 

16-80 
16-89 

10-82 
11-92 

11-90 
1307 

6-40 

7-56 

400 

2-69-  99-98 
1-44-100-48 

Eucrite  

4900 

In  the  first  analysis  traces  of  oxides  of  manganese  and  copper  are 
recorded,  and  in  the  latter  analysis  traces  of  manganese,  cobalt, 
and  nickel.  In  the  latter  analysis,  also,  the  iron  is  all  in  the 
protoxide  condition,  and  the  alkalies  are  given  as  NajO=l-24  and 
K,O=0-20. 

Mr.  Timins  t  stated  that  the  subject  of  his  analysis  contained  a 
few  grains  of  olivine  and  a  little  quartz  in  cavities.  He  also  adds, 
"  Parts  of  this  rock  resemble  the  matrix  of  the  lava  of  the  Capo  di 
Bove  near  Home.  In  its  chemical  composition  it  nearly  corresponds 
with  that  which  Bunseu  gives  for  the  '  Normal  Augite '  §  of  , 
Iceland.  Notwithstanding  its  occurrence  in  regular  beds,  its  mine- 
ralogical  character  and  its  chemical  composition  make  it  probable 
that  it  hdiS  flowed  over  the  surface." 

It  is  gratifying  to  find  the  mineral  constitution  of  this  rock,  as 
revealed  by  the  microscope,  so  well  in  accord  with  the  results  of 
Mr.  Timins's  analysis  made  twenty  years  ago. 

The  rock  is  eucrite-  or  anorthite-basalt. 

The  eucrite  lava  of  Thjorsd,  the  analysis  of  which  I  have  here 
employed  for  comparison,  is  cited  by  Von  Lasaulx  {|  as  an  example 
of  a  true  eucrite,  and  there  seems,  therefore,  good  reason  to  accept  the 
analysis  given  by  Kalkowsky  as  typical.  The  latter  authority  does 
not  consider  the  term  eucrite  well  chosen,  and  deprecates  its  use. 

No.  19.  Herefordshire  Becccon.  East  side,  at  the  hcuk  of  the  Cave, — 
Very  fine-grained  bluish-grey  aphanitic  rock.  Under  the  microscope 
it  is  seen  to  consist  of  felspars,  diiefly  labradorite,  augite,  titani- 
ferous  iron,  leucoxene,  and  pyrites  in  exceedingly  minute  specks. 

The  section  is  traversed  by  a  small  vein  of  epidote  enveloping 
fragments  of  the  adjacent  rock  and  also  a  little  quartz. 

The  augite  appears  in  irregular  grains,  few  distinctly  formed 
crystals  being  visible. 

The  felspars  occur  in  lath-shaped  crystals,  generally  corroded  and 
frequently  bent  (PL  XXI.  figs.  4  &  6).      There  is  much  opaque 

*  "  On  the  Chemical  Geology  of  the  Malvern  Hills,"  Q.  J.  G.  S.  vol.  xxiii. 
p.  358. 
t  Kalkowsky,  *  Elemente  der  Lithologie/  Heidelberg,  1886,  p.  130. 

iOp.ciY.  p.  359. 
The  name  Augite  was  used  synonymously  with  Basalt  by  some  of  the 
earlier  writers,  and  is  given,  in  this  sense,  by  Kinahan,  '  HJandy-Book  of  Book 
Names/  London.  1873,  p.  73. 

I  '  Elemente  der  Petrographie,*  Bonn,  1875,  p.  316. 
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-white  matter  in  the  section,  which,  as  seen  by  substage  illumination, 
is  indicated  by  the  darker  parts  in  PI.  XX.  fig.  9.  This  is  probably 
leucoxene,  and  it  is  generally  associated  with  an  opaque  black 
mineral,  which  may,  consequently,  be  regarded  rather  as  ilmenite 
than  as  magnetite.     The  rook  is  a  basalt. 

No.  20.  At  the  back  of  the  Gave.  Herefordshire  Beacon^  overlooking 
Castle  Morion  Common, — A  compact  pinkish-brown  to  pale  Hver- 
brown  rock  of  felsitic  appearance  and  not  unlike  some  porcellanites, 
with  splintery  to  small  wavy,  almost  conchoidal  fracture,  harder  than 
steel,  harder,  at  all  events  in  part,  than  quartz,  since  the  brilliant 
pyramidal  face  of  a  quartz-crystal  was  distinctly  scratched  by  sharp 
corners  of  the  specimen. 

Under  the  microscope  the  rock  is  seen  to  be  filled  with  minute, 
sometimes  irregularly-shaped,  but  generally  nearly  spherical  granules 
with  apparently  a  somewhat  high  refractive  index. 

The  aspect  of  the  section  between  crossed  nicols  is  that  of  a  felsite, 
and  it  appears  that  the  feeble  light  transmitted  under  these  conditions 
emanates  from  portions  of  the  otherwise  seemingly  structureless  parts 
of  the  ground-mass,  since,  as  a  rule,  the  minute  granules  are  appa- 
rently isotropic.  It  is,  however,  difficult  to  speak  positively  as  to 
their  absolute  isotropy.  Here  and  there  crystals  ranging  from  ^hs 
inch  to  smaller  dimensions  may  be  seen  either  isolated  or  in  groups. 
They  are  colourless  and  prismatic  in  habit.  They  are  traversed 
.transversely  to  the  axis  of  the  prism  by  lines  which  may  represent 
a  rather  irregular  cleavage.  Between  crossed  nicols  they  undergo 
parallel  or  straight  extinction,  and  may  belong  to  the  rhombic 
system.  I  would  very  doubtfully  refer  them  to  topaz,  a  supposition 
which  is  strengthened  by  the  analysis  (xlii.)  of  the  Kev.  J.  H. 
Timins*  of  a  rock  from  the  same  locality,  in  contact  with  felstone,  in 
which  he  detected  one  per  cent,  of  hydrofluoric  acid.  An  interesting 
point  connected  with  this  rock  is  an  obscure  perlitic  structure.  In 
the  first  section  examined  it  was  not  sufficiently  well  marked  to 
enable  me  to  form  a  definite  conclusion;  but  since,  in  another 
section  off  the  same  specimen,  a  similar  but  better-marked  structure 
(PL  XXI.  ^.  7)  has  been  observed,  1  no  longer  hesitate  to  describe 
the  rock  as  a  devitrified  obsidian  with  perlitic  structure.  It  may  be 
the  rock  analyzed  by  Mr.  Timins,  Ko.  xliii.,  described  by  him  as 
felstone  "  of  a  pink  colour,"  or  No.  xlv.  "  Porcellanite,  north-east  of 
the  cave  "  f.  It  is  probably  the  latter,  but  both  analyses  are  here 
transcribed : — 


SiUca. 

Alumina. 

Oxide  of 
Iron. 

Lime. 

Magnesia. 

Lobs  on 
Ignition. 

Alkalies 
and  Loss. 

Tliii 

xIt 

77-33 
78-92 

12-3 
8-18 

1-33 
4-08 

5-39 
505 

0-91 
0-48r 

1-45 
119 

1-29 
210 

*  "  On  the  Chemical  Geology  of  the  Malvern  Hills,**  Q.  J.  G.  S.  yoL  zziii. 
p.  360. 

t  Op,  €iL  p.  360. 
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The  percentage  of  alkalies  is,  however,  considerahly  lower  than  is 
usual  in  rocks  of  this  class. 

The  perlitic  structure  is  chiefly  rendered  evident  hy  the  massing 
together  of  the  minute  granules  already  alluded  to  along  curved 
lines.  This  is  indicated  in  the  drawing  which  was  made  from  a 
spot  in  the  section  which  shows  the  structure  best,  as  it  frequently 
becomes  very  obscure,  owing  to  the  multitude  of  the  granules,  so 
that  oftentimes  no  arrangement  denoting  perlitic  structure  can 
be  traced.  Even  under  favourable  circumstances  it  is  frequently 
needful  to  examine  the  section  attentively  before  the  fact  that 
this  structure  is  present  and  pervades  the  entire  section  becomes 
evident  to  the  observer.  The  specimen  was  collected  and  labelled 
as  likely  to  show  perlitic  structure.  It  does  show  it,  but  it  is 
the  most  feeble  demonstration  of  the  structure  that  I  have  ever 
seen.  It  is  interesting,  however,  as  being  the  first  indication  of  a 
vitreous  rock  in  the  Malvern  Bange  hitherto  recorded,  and  it  may 
possibly  belong  to  the  same  geological  horizon  as  the  perlitic  rocks 
of  the  Wrekin,  first  described  by  Mr.  S.  Allport  *. 

The  specimen  is  a  mere  surface-chip,  and  further  search  in  the 
neighbourhood  from  which  it  was  derived  would  certainly  yield 
better  material  for  investigation  and  probably  more  satisfactory 
results. 

The  apparent  banding  shown  in  PI.  XXI.  ^^,  7  is  merely  due  to 
alteration,  produced  by  the  filtering  of  water  along  cracks  resulting 
in  a  slight  rusting ;  but  these  cracks,  as  shown  in  the  drawing,  have 
been  faulted  by  other  minute  fissures. 

No.  21.  Hollyhush  Pass.  Large  Qtmrry  on  North  side  of  road, — 
Average  sample  of  the  stone  now  quarried.  Very  fine-grained 
bluish-grey  crystalline  rock,  strongly  attracts  the  magnetic  needle. 
Under  a  pocket-lens  it  shows  here  and  there  a  few  scales  of  silvery 
mica.  Its  general  appearance  resembles  that  of  very  fine-grained 
whin.  Under  the  microscope  the  rock  appears  to  consist  of  altered 
tridinic  felspars,  biotite,  magnetite,  and  various  products  of  de- 
composition. The  felspars,  when  their  extinction-angles  can  be 
made  out,  are  apparently  labradorite.  Numerous  but  very  small 
apatite  crj'stals  are  visible ;  epidote  and  chlorite  are  present.  The 
magnetite  frequently  occurs  in  octahedra,  which  now  and  then,  by 
their  reentering  angles,  are  seen  to  have  a  parallel  grouping.  The 
general  impression  derived  from  an  examination  of  this  rock  under 
tiiie  microscope  is  that  it  is  a  much-altered  diabase. 

No.  22.  Swinyard's  UiU.  Commencement  of  North  end  of  the  ridge. 
— A  very  coarsely  crystalline  rock  consisting  of  red  felspar  in  large 
crystals^  a  greenish  mica  in  small  scales,  and  quartz  in  crystcdline 
pellets,  occasionally  nearly  half  an  inch  in  diameter. 

Under  the  microscope  the  felspars  are  seen  to  be  microcline  and 
orthoclase,  the  former  showing,  in  polarized  light,  the  characteristic- 
twin-lamellse  intersecting  approximately  at  right  angles,  the  angle 
of  maximum  extinction  in  basal  sections  being  about  15°  from  the- 

Quart.  Joum.  Gkol.  See.  vol.  xxxiii.  p.  449. 
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directions  of  the  lamellsD.  The  orthodase  also  occurs  in  large 
crystals.  One  of  those  present  in  the  section  is  twinned  on  the 
Carlsbad  type.  The  mica  is  of  a  green  colour  by  transmitted  light 
and  the  crystals  are  much  smaller  than  those  of  the  felspars.  The 
quartz  encloses  great  numbers  of  fluid-lacunae  containing  bubbles. 
These  cavities  are  mostly  ranged  in  lines  or  streams  which  appear 
to  follow  two  general  directions  crossing  at  a  high  angle,  which, 
however,  varies,  as  the  lines  are  rather  wavy  and  sometimes  converge. 
By  carefully  traversing  the  preparation  under  the  microscope  it  is 
seen  that  the  directions  of  these  streams  of  cavities  are  tolerably 
persistent  in  patiChes  of  quartz  more  or  less  widely  separated,  and  it 
is  possible  that  they  may  be  approximately  normal  to  two  different 
directions  of  stress.  The  large  patches  of  quartz  are  seen  in 
polarized  light  to  be  made  up  of  smaller  patches,  each  being  an 
individual  quartz- crystal ;  yet  the  same  stream  of  cavities  will  pass 
unbroken  through  many  of  these  crystals,  until,  joining  with  other 
streams  of  cavities,  it  can  no  longer  be  traced,  or  until  it  reaches 
the  opposite  side  of  the  composite  area  of  quartz. 

None  of  the  component  minerals  exhibit  any  definite  crystalline 
forms.  No  apatite  is  present,  but  a  few  granules,  apparently  of 
epidote,  are  visible. 

The  rock  is  a  coarse-grained  granite  or  pegmatite. 

No.  23.  Swinyard^s  Hill.  Highest  point  of  the  ridge, — A  coarsely 
crystalline  rock  composed  apparently  of  dark-green  hornblende  and 
pinkish-grey  to  greyish-white  felspar,  with  a  few  minute  scales  of 
a  silvery  mica.  The  chief  constituent  of  the  rock,  however,  appears 
to  be  hornblende  in  large  crystals. 

Under  the  microscope  the  constituents  are  seen  to  be  hornblende^ 
triclinic  felspar,  a  colourless  mica,  epidote,  natrolite,  and  magnetite. 
Of  these,  hornblende  is  by  far  the  most  important,  constituting- 
probably  more  than  three  fourths  of  the  rock.  The  felspars  approxi- 
mate in  their  extinction-angles,  in  some  cases  to  andesine,  in  others 
to  labradorite ;  but  the  lamellse  are  often  bent.  They  are  by  no 
means  numerous,  and  exhibit  no  well-defined  crystalline  form. 
The  mica  is  colourless  or  of  a  very  pale  greenish  tint  when  viewed 
in  thin  section  by  transmitted  light.  Both  epidote  and  magnetite 
occur  in  small  irregularly- shaped  grains.  The  natrolite  is  chiefly 
met  with  in  the  triclinic  felspars,  in  small  prisms  which  polarize 
in  brilliant  colours,  and,  between  crossed  nicols,  undergo  straight 
extinction.  Here  and  there  minute  scales  of  specular  iron  of  a 
bright  orange-red  colour  may  be  seen  in  basal  sections  of  the  mica. 
In  these  sections  only  a  portion  of  an  hyperbola  can  be  seen  in 
convergent  polarized  light. 

The  rock  is  a  diorite,  and  was  described  as  such  by  the  late 
Dr.  Holl*.  The  Eev.  J.  K.  Timins  has  also  described  it  in  his 
paper  t  as  "  containing  hornblende,  white  felspar  and  silvery  mica. 
The  more  micaceous  and  felspathio  portion  of  the  rock  wa» 
analyzed.''     The  analysis  is  subjoined. 

.  cit.  p.  77.    Where  be  refers  the  felspar  to  oligoclase  or  andesine. 
I.  cU,  pp.  363-364.    Analytds  Iz. 
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Silica=44-76.  Alamina=:  16-60.  Oxide  of  Iroii=8-43.  Oxide 
of  Manganese  a  0*20.  Lime  =  9*92.  Magnesia  s  8*56.  Loss  on 
Ignition  =s  2*68.    Alkalies  and  Loss  s  8*85. 

No,  24.  Swinyard's  HiU,  North  side  of  highest  point  of  ridge. — ^A 
remarkably  coarsely-crystalline  rock  composed  of  flesh-red  felspar, 
dark  green  hornblende,  and  qaartz.  This  and  No.  22  are  perhaps 
the  most  coarsely  crystalline  rocks  in  the  whole  of  the  Malvern 
ILange. 

Under  the  microscope  by  ordinary  transmitted  light  the  horn- 
blende appears  of  a  greenish-brown  colour,  and  some  minute  opaque 
brown  flecks,  seemingly  of  limonite,  may  here  and  there  be  seen  in  it. 
The  felspar-crystals  are  mostly  very  large  and  exhibit  no  definite 
crystalline  form,  their  boundaries  being  extremely  irregular.  Some 
of  them  are  tolerably  fresh,  others  considerably  altered.  One 
measurement  gave  an  extinction-angle  of  about  5°,  another,  but  not 
a  trustworthy  one,  about  12°.  They  are  probably  miorocline.  The 
quartz  contains  fluid-lacunae  with  bubbles. 

The  rock  is  coarse  hornblendic  granite  or  quartz-syenite. 

No.  25.  Swinyards  liill^  North  side  of  highest  point, — A  rather 
fine-grained,  crystalline,  dioritic-looking  rock,  apparently  composed 
of  dark  green  hornblende  and  a  pale  grey  or  pinkish-grey  felspar. 

Under  the  microscope  the  hornblende  appears  to  be  the  principal 
constituent  (PI.  XX.  fig.  10).  It  is  of  a  brownish-green  colour  when 
viewed  by  transmitted  light.  Its  pleochroism  is  strong,  a=pale 
brownish  yellow,  6= coffee-brown,  c= greenish  brown. 

Where  moderately  fresh,  the  extinction-angles  of  the  felspare 
indicate  that  they  may  be  in  some  cases  andesine,  in  others  labra- 
dorite ;  but  for  the  most  part  the  felspars  are  greatly  decomposed, 
and  no  safe  deductions  can  be  formed  concerning  them,  except  that 
they  are  triclinic.  They  appcEir,  in  most  cases,  to  be  replaced  by 
natrolite.  Quartz,  containing  minute  fluid-lacunae,  is  of  common 
occurrence  in  the  section  ;  but  the  grains  are  small,  and  it  forms  a 
comparatively  insignificant  proportion  of  the  rock,  which  must  be 
regarded  as  a  diorite. 

No.  26.  Swinyard's  HiU,  just  South  of  the  summit, — A  very  dis- 
tinctly foliated  crystalline  rock,  the  bands  being  alternately  flesh-red 
(or  a  finely  cr3'stalline  admixture  of  flesh-red  and  greyish-white 
minerals)  and  dark  green,  the  constituent  of  the  dark  green  bands 
being  probably  hornblende.  Under  a  pocket-lens  a  few  minute 
scales  of  bilverj'-looking  mica  are  visible.  The  foliation  reminds 
one  somewhat  of  that  of  the  Scliorlsdhiefer  of  Auersberg  in  Saxony ; 
but  in  the  latter  rock  the  dark  bands  are  intensely  black  instead  of 
-dusky  green. 

Under  the  microscope,  quartz,  magnesian  mica,  and,  apparently, 
some  muscovite  and  triclmic  felspars,  especially  microcliiie,  are 
Been  to  be  the  principal  constituents  of  the  rock.  The  cleavage- 
planes  in  the  mica  have  a  general  tendency  to  follow  the  foliation, 
which  in  reality  is  due  to  this  mineral.  The  quartz  shows  streams 
of  fluid-lacunae,  which  in  nearly  all  cases  run  in  a  direction  more 
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or  less  at  right  angles  to  the  foliation.  There  is  something  more 
than  accident  in  this  circumstance.  By  reflected  light,  a  rusty 
brown  colour  is  seen  to  pervade  the  darker  bands  of  the  rock,  and 
the  darkness  of  these  bands  appears  to  be  due  partly  to  the  presence 
of  biotite,  and  partly  to  that  of  limonite.  The  rook  is  essentially  a 
biotite-gneiss. 

No.  27.  Swinyard^a  HUl,  largest  Quarry ,  South  end. — Dark  grey, 
finely  foliated  micaceous  rock.  On  a  cut  surface,  blotches  and 
street  of  a  flesh-red  felspar  are  risible.  The  rock  has  an  imper- 
fectly flssile  structure,  and  on  the  schistose  planes  the  micaceous 
character  is,  of  course,  most  perceptible. 

The  description  of  the  microscopic  characters  of  the  preceding 
specimen  applies  equally  well  to  this,  except  that  there  is  more 
muBcovite  present,  and  it  is  stiU  noteworthy  that  the  streams  of  fluid- 
enclosures  in  the  quartz  again  run  in  a  direction  roughly  normal  to 
that  of  the  foliation. 

The  rock  is  a  biotite-muscovite-gneiss.  The  foliated  structure  of 
this  rock  is  shown  in  PI.  XX.  fig.  11. 

No.  28.  Baggedstone  HiU^  Eastern  Spur  at  top  of  hill  near  the 
middle,  and  at  the  northern  end, — ^A  fine-grained,  greenish-grey, 
micaceous,  schistose  rock. 

Under  the  microscope,  quartz,  a  little  felspar,  muscovite,  and 
kaolin  appear  to  be  the  principal  constituents.  The  quartz  occurs 
in  grains  and  aggregates  of  grains,  which  have  a  lenticular  form, 
and  the  mica  scales  lie  in  wavy  films,  which  separate  these  lenticular 
bodies  and  impart  a  wavily  streaked  appearance  to  a  section  taken 
transversely  to  the  schistose  structure  of  the  rock.  These  micaceous 
streaks  are  rendered  more  distinctly  visible  by  an  opaque  yellowish- 
white  substance  which  accompanies  them,  and  is  probably  kaolin. 
Small  scales  of  mica  are  also  seen  traversing  individual  grains  of 
quartz.  The  quartz  contains  numerous  fluid-lacunae,  and  these,  again^ 
frequently  lie  in  streams  which  in  most  cases  follow  directions  more 
or  less  steeply  inclined  to  the  general  direction  of  the  micaceous 
bands. 

The  rock  is  a  mica-schist.  Its  foliated  character  is  shown  in 
PL  XX.  fig.  12,  where  the  darker  markings  represent  the  micaceous 
bands. 

No.  29.  Swinyard!s  Hill,  large  Quarry,  South  end,  at  foot  of  hiU, — 
An  essentially  micaceous  rock,  in  colour  reddish  brown  to  grey 
transverse  to  the  direction  of  fission,  but  greenish  grey,  from  the  pre- 
dominance of  mica,  along  the  planes  of  fission.  The  fissile  structure 
is  very  irregular. 

The  microscope  shows  the  presence  of  quartz,  felspar,  biotite,  here 
and  there  a  grain  of  magnetite,  natrolite,  and  a  very  little  limonite. 
Some  of  the  felspar  shows  twin-lamellation,  but  it  is  nearly  all  in  an 
advanced  stage  of  alteration.  It  appears  to  be  microdine,  as  a  rule. 
The  biotite  is  of  a  greenish  colour,  and  runs  in  irregular  bands. 
The  quartz  is  in  irregularly-bounded  crystalline  grains,  through 
which  run  streams  of  fluid-enclosures  at  right  angles  or  obliquely  to 
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the  direction  of  the  micaceous  bands,  as  already  pointed  out  in  the 
descriptions  of  specimens  Nos.  22  and  26.  That  the  direction  of 
these  streams  of  enclosures  is  dependent  upon  causes  operating  sub- 
sequently to  the  formation  of  the  quartz  is  evident  from  the  fact 
that  when  the  section  is  examined  in  polarized  light  the  same 
stream  of  enclosures  will  be  found  to  traverse  without  deflection 
several  crystals  which  differ  from  one  another  in  optical  orienta- 
tion. 

The  rock  is  a  biotite  gneiss. 

No.  30.  RaggedsUme  Hill,  Eastern  Spur,  North  end^  t-op. — A  very- 
fine-grained,  pale,  bluish-grey  rock,  resembling  an  exceedingly  fine- 
grained quartzite.  The  rock  is  very  hard,  a  knife-point  making 
little  or  no  impression  on  it. 

Under  the  microscope,  between  crossed  nicols,  the  section  presents 
a  general  appearance  similar  to  that  of  the  ground-mass  of  a  quartz- 
porphyry,  or  of  a  rather  coarse  microcrystaUine  felsite,  in  which 
occur  numerous  porphyritic  crystals  of  felspar  and  delicate  strings 
and  specks  of  more  or  less  opaque  granular  matter,  which,  under 
reflected  light,  appears  of  a  yellow-white  or  pale  reddish-brown 
colour.  Under  a  higher  power,  however,  it  is  seen  that  the  opacity 
of  these  strings  and  spots  is  only  partial,  and  that  in  great  part 
they  consist  of  small  translucent  greenish  or  nearly  colourless 
granules  of  epidote,  with  much  fine  dusty  matter  of  a  deep  green 
colour,  which  appears  to  be  allied  to  chlorite.  The  porphyritic 
felspar  seems  to  be  of  a  mixed  character,  the  angles  of  extinction  in 
some  crystals  being  apparently  very  low,  in  other  cases  approxi- 
mating to  those  of  labradorite.  Microcline  is  also  present.  Some 
of  the  felspar  may  be  andesine. 

The  rock  in  some  respects  resembles  granulite,  but  garnets  are 
absent,  and  the  felspar  is  all,  or  nearly  all,  plagioclastic.  On  the 
other  hand,  it  is  not  unlike  some  felsites,  especially  some  of  the 
more  coarsely  micro-crystalline  parts  of  certain  devitrified  rocks. 
I  am,  however,  inclined  to  regard  it  as  an  altered  sandstone  derived 
from  the  disintegration  of  the  older  Archaean  rocks,  and  bearing 
the  same  relation  to  them  that  arkose  or  millstone-grit  bears  to 
granite. 

A  drawing  made  from  a  section  of  this  rock,  magnified  26  diame- 
ters, is  given  on  PI.  XXI.  fig.  1. 

No.  31.  Haggedstone  Hill,  Eastern  Spur,  North  end,  top, — A  pale 
brownish-grey  to  bluish-grey  rock,  resembling  quartzite  strongly 
impregnated  with  very  minute  silvery-looking  micaceous  scales^ 
and  with  a  schistose  structure. 

Under  the  microscope,  in  polarized  light,  this  rock  is  seen  to  be 
essentially  a  quartzite,  in  which  a  schistose  structure  is  induced  by 
extremely  thin  micaceous  or  sericitic  films.  Those  are,  in  some 
instances,  crossed  by  rather  irregular  and  tolerably  broad  bands, 
consisting  of  quartzite  of  a  much  finer  texture  than  that  constituting 
the  mass  of  the  rock,  and  suggesting  that  another  stress  has  been 
experienced  in  a  direction  approximately  at  right  angles  to  that 
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^hich  produced  the  schistosity  of  the  rock.  The  quartz-grains, 
which  are  quite  irregular  in  form,  contain  fluid-lacunaB,  often  ranged 
in  lines,  and  these  streams  of  enclosures  lie  sometimes  in  the  direc- 
tion of  the  fine-grained  quartzitic  hands,  at  others  in  the  direction 
of  the  micaceous  hands. 

The  rock  may  not  inaptly  he  termed  a  micaceous  quartzite-schist. 

Part  of  a  section  of  tlus  rock  is  shown  in  PI.  XXI.  fig.  2,  as  seen 
by  ordinary  transmitted  light. 

No.  32.  Baggedstone  Billy  Eastern  Spur,  East  side,  North  end,  near 
the  middle. — A  very  compact,  bluish-grey  rock,  translucent  on  the 
edges,  resembling  quartzite,  with  a  faint  laminated  structure,  and 
showing  under  a  pocket-lens  numerous  minute,  glistening,  crystalline 
facets  or  cleayages. 

Under  the  microscope  this  is  seen  to  be  a  quartzite  containing 
numerous  but  very  minute  scales  of  mica,  which,  in  places,  show  a 
tendency  to  segregate  in  irregular  lines.  They  are  not,  however, 
sufficiently  numerous  in  proportion  to  their  size  to  impart  a  fissile 
character  to  the  rock. 

No.  33.  F(Ctn,  about  a  foot  in  thickness,  in  first  quarry  on  South 
side  ofTheWych,  Western  side  of  the  Malvern  Range. — A  very  coarsely 
crystalline  rock  of  a  deep  flesh-red  colour,  with  spots  of  greyish  or 
bluish-white  quartz. 

Under  the  microscope  the  felspar  appears  to  be  microcline,  the 
extinction-angle  generally  ranging  from  about  12°  to  15°.  The 
cross-hatched  twinning  on  the  pericline  and  albite  types,  so  common 
in  this  mineral,  is  not  to  be  detected  in  the  section  here  described,  the 
crystals  showing  but  one  set  of  twin-lamellse,  and  in  some  cases  none. 
The  crj'stals  are  sometimes  cracked  and  faulted,  as  shown  in  PI.  XXI. 
fig.  3.  Some  opaque  white  matter,  probably  kaolin,  is  present  in 
small  flecks  and  streaks.  The  quartz  contains  fluid-lacunse,  often 
showing  a  faint  linear  arrangement.  This  is  a  good  example  of  the 
pegmatite-veins  so  common  in  the  Malvern  Hills.  Of  their  intru- 
sive character  there  can  be  no  doubt.  An  admirable  example  of  a 
branching  vein  may  be  seen  traversing  schists  in  an  abandoned 
quarry  on  the  east  side  of  the  Raggedstone  and  towards  the  southern 
end  of  the  hill.  I  am  not,  however,  inclined  to  think  that  the 
coarse  pegmatite  forming  the  northern  part  of  the  ridge  of  Swin- 
yard's  Hill  is  to  be  regarded  as  a  vein-rock  or  dyke,  or  as  a  series  of 
veins ;  it  is  more  likely  to  be  part  of  a  deep-seated  rock  belonging 
to  the  lower,  and  probably  to  the  lowest  exposed  portion  of  the 
Archffian  series  in  this  district. 

In  reviewing  the  results  of  the  microscopic  examination  of  the 
Malvern  rocks,  we  must  in  the  flrst  place  separate  those  rocks  which 
exhibit  foliation  or  lamination,  or  of  which  the  origin  has  been 
sedimentary,  from  those  which  show  no  such  structure,  and  which 
must,  without  doubt,  be  regarded  as  eruptive.  This  is  the  more 
needful  since  much  diversity  of  opinion  exists  concerning  the  inter- 
pretation which  should  be  put  upon  the  phenomena  of  foliation. 
We  shall  by  this  means  classify  the  rocks  of  the  Malvern  Range  into 
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a  banded  and  an  nnbanded  series,  and  under  the  former  will  come 
the  different  varieties  of  gneiss.  For  my  own  part,  I  am  inclined  to 
regard  the  gneissic  rocks  of  this  district  as  probably  being  more  or 
less  altered  volcanic  tii£&,  or  as  sedimentary  rocks  mainly  composed 
of  eruptive  material  derived  from  the  disintegration  of  rocks  of  a 
dioritic  or  syenitic  character.  Beasons  for  and  against  the  assump- 
tion of  a  sedimentary  origin  for  these  gneissic  rocks  have  already 
been  given  in  the  first  part  of  this  paper,  and  a  section  through  the 
Malvern  Hills  was  appended,  based  upon  the  hypothesis  that  folia- 
tion in  this  district  corresponded  with  structural  planes  which  fre- 
quently mark  lithological  differences,  and  that  these  structural 
planes  were  possibly  planes  of  stratification.  We  shall  find,  on 
comparing  the  results  of  the  foregoing  microscopic  examination, 
that,  except  in  that  part  of  the  range  which  lies  south  of  the  fault 
crossing  Swinyard's  Hill,  the  rocks  are  of  a  mixed  character,  being 
partly  foliated  and  partly  devoid  of  foliation.  In  the  following  Table 
the  rocks  are  placed  in  three  columns,  so  as  to  divide  the  eruptive, 
the  foliated,  and  the  probably  and  unquestionably  stratified  rocks: — 


Eruptive. 

Foliated. 

Stratified. 

North  Hill  

Hornblende-GJabbro, 

Gneissic        Syenite, 
Gneisaio  Diorite. 

Altered  Tuff? 

Diorite. 

North  HiU 

Quartz-Syenite. 

North  Hill  (above  West: 

Malvern)  '  Mica-Diorite. 

Biotite-Gneiss. 

North  Hill  (The  Dingle),  Mica-Diorite. 

Worcestershire  Beacon^  Granulite?,    Granite, 

t 

Diorite,  Epidoaite  ? 

Herefordflhire  Beacon  . 

»  Eucrite,  *    Basalt, 
*  Deyitrified  Obri- 
dian. 

Homblendic  Gneiss. 

Diabase-Tuff? 

Swinyard's  Hill 

Pegmatite,        Horn- 
blende -  P^matite, 

Biotite-Gneiss,  Bio- 

tite.      Muscovite- 

t 

Diorite. 

Gneies. 

Hollybush  Pasa 

Diabaae. 

Baggedstone  Hill  

Mica-Schist,     Mica- 

Altered Sand- 

ceous   Quartate- 

stone,  Quart- 

tt                                  1 

Schist. 

zite. 

t  Bocks  between  a  Uttle  south  of  the  summit  of  the  Worcestershire  Beacon 
on  to  Winds  Point  were  not  collected. 

I  Bocks  of  Midsummer  Hill  were  not  collected. 

tt  Bocks  of  Keys  End  were  not  collected. 

*  These  occur  in  the  eastern  buttress  of  the  Herefordshire  Beacon,  and  are 
of  Cambrian  (?)  age,  "  Altered  primordial  rocks  "  of  Dr.  HolL 

It  is  evident  therefore  that  the  above  list  gives  only  a  very  in- 
complete idea  of  the  rocks  constituting  the  whole  length  of  the  range. 
By  reference  to  Dr.  Hollas  paper,  these  gaps  may,  to  some  extent, 
be  filled  up,  as  already  indicated  in  the  first  part  of  this  communi- 
cation. From  the  tabular  classification  just  given,  it  appears  that 
the  North  Hill  consists  partly  of  rocks  which  show  no  foliation,  and 
which  we  must  regard  as  truly  eruptive,  and  partly  of  foliated  rocks. 
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which  in  many  cases  are,  I  think,  either  altered  tn£&  or  are  com- 
posed of  the  dShris  of  eruptive  rocks  rich  in  hornblende.  The  rocks 
of  the  Worcestershire  Beacon  appear  to  be  mainly  eruptive.  Those 
of  the  Herefordshire  Beacon  are,  I  believe,  chiefly  gneissic ;  but  the 
exposures  are  not  sufficiently  numerous  or  good  to  enable  me  to  say 
much  on  this  point,  and  the  time  for  more  careful  examination  was- 
wanting.  The  eucrite,  basalt,  &c.,  which  I  have  classed  with  the 
general  mass  of  this  beacon,  occur  in  a  buttress  of  the  hill,  which, 
according  to  Dr.  HoU,  consists  of  "  Primordial  rocks." 

The  northern  part  of  Swinyard's  Hill  is  composed  of  pegmatitic 
or  granitic  rocks  of  var}  ing  coarseness.  The  altered  diabase  in  the 
HoUybush  quarry  forms  part  of  the  southern  end  of  Midsummer 
Hill.  A  vein  of  pegmatite,  consisting  in  great  part  of  a  red  felspar, 
is,  at  the  present  time,  exposed  in  the  lower  part  of  the  quarry. 
South  of  Midsummer  Hill  we  meet  with  flne-grained  gneissic  rocks, 
quartzite^schist,  quartzite,  and  altered  sandstones,  which  form,  I 
believe,  the  highest  and  least  altered  part  of  this  Archaean  series. 

The  views  advanced  in  the  first  part  of  this  paper  appear  there- 
fore to  be,  as  a  rule,  borne  out  by  the  microscopic  examination  of 
the  rocks,  except  that  those  of  a  truly  eruptive  character  are  much 
more  plentiful  than  I  had  at  first  imagined. 

The  Malvern  Eange  may,  I  think,  now  be  regarded  as  part  of  an 
old  land  where  denudation  had  laid  bare  certain  plutonic  rocks,  and 
where  volcanic  activity  was  very  great ;  for  whether  we  look  upon 
these  gneissic  rocks  as  beds  of  volcanic  ejectamenta,  or  regard  them 
as  of  sedimentary  origin,  there  seems  to  be  little  doubt  that  they 
are  composed  of  the  minerals  which  constitute  eruptive  rocks,  and 
there  appears  to  be  no  reason  to  assume  that  the  alteration  of  any 
ordinary  sedimentary  rocks,  such  as  slates  and  sandstones,  could  have 
resulted  in  the  development  of  such  a  vast  amount  of  hornblende. 
It  may  be  argued  that  there  is  no  appreciable  difference  in  much  of 
the  hornblende  occurring  in  the  foliated  rocks  from  that  in  the 
adjacent  and  non-foliated  syenites  and  diorites,  and  that  it  is  there- 
fore probable  that  the  foliation  has  been  induced  in  truly  eruptive 
rocks  by  earth-movements*;  yet,  granting  this,  how  comes  it  that 
all  of  the  rocks  are  not  foliated  ?  The  pressure  or  movement  which 
would  affect  one  bed  would  naturally  aJect  those  in  its  proximity  ; 
yet  we  meet  with  great  variety  in  these  beds  both  in  texture  and 
in  structural  characters.  The  facts  do  not  seem  to  me  to  bear  out 
the  conclusion  that  earth-movements,  at  all  events  in  the  Malvern 
Bange,  have  begotten  foliation,  except,  perhaps,  on  a  very  small 
scale.  We  know  too  little  as  yet  of  the  rocks  which  are  formed 
from  the  waste  of  districts  composed  mainly  of  eruptive  materials. 
Whence  come  our  hornblende-slates  and  schists,  chlorite-schists, 
mica-schists,  schorl-schists,  &c.,  the  constituents  of  which  are  either 
those  of  eruptive  rocks  or  their  alteration-products,  such  as  epidote, 

*  Such  apparently  bedded  structure,  aocompanied  by  differenoes  in  texture, 
is  described  by  Prof.  Bonney,  in  bis  Presidential  Address  to  this  Society  (1886), 
by  the  name  peeudostromatism^  which  he  resards  as  the  result  of  "a  crushing 
in  situ  of  zones  of  the  original  coarse-grained  rook." 
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chlorite,  limonite,  kaolin,  serpentine,  &o.  ?  Some  wonld  say  that 
they  result  from  the  pressure-metamorphism  of  eruptiye  rocks.  It 
is  true  that,  in  certain  cases,  slates  of  the  ordinary  kind  may  he 
found  to  graduate  into  mica-slates  as  they  near  an  eruptive  mass ; 
yet  is  this  the  only  way  in  which  micanslates  and  schists  have  heen 
formed?  Admit  that  it  is,  and  we  may  at  once  grant  that  the 
gneisses  and  schists  of  the  Malvems  are  but  metamorphosed  sedi- 
ments. It  may  be  so :  we  have  yet  to  settle  the  limits  of  meta- 
morphism.  On  the  other  hand,  it  seems  well  also  to  suggest  the 
possibility  that  the  materials  resulting  from  the  denudation  of 
eruptive  rocks  go  somewhere  and  form  something,  and  that  the 
resulting  rock  is  consequently  likely  to  resemble  those  from  which 
its  materials  were  derived,  rather  than  a  slate  or  sandstone.  I  there- 
fore venture  the  suggestion  that  the  (fneissic  rocks  of  the  Malvern 
Bills  may  he  composed  of  the  detritus  of  eruptive  rocks.  It  is  even 
possible  that  in  an  early  stage  of  the  earth's  history  there  was  little 
save  rocks  of  an  eruptive  nature  for  the  denuding  agents  to  work 
upon,  and,  if  such  an  assumption  were  true,  these  Archsean  rocks 
would  claim  a  far  greater  antiquity  than  if  they  resulted  from  the 
metamorphism  of  stratified  deposits. 

Again,  it  is  very  difficult  to  say  how  far  the  movements  which 
these  rock-masses  have  experienced  may  have  influenced  their  litho- 
logical  structure,  and  whether  such  movements  have  resulted  in  any 
of  the  effects  attributed  to  shearing.  That  such  action  is  implicated 
to  a  certain  extent  in  the  production  of  their  foliation  is  highly 
probable ;  but  how  we  are  to  distinguish  between  the  crushing  and 
rearrangement  of  crushed  materials  by  lateral  thrust  and  the  ar- 
rangement of  detritus  by  a  sorting  process  (which  may  take  place 
either  in  air,  in  the  case  of  volcanic  dust  falling  on  land  and  rocks 
disintegrated  and  recemented  in  situ^  or  in  water,  in  the  case  of 
volcanic  dust  and  rock-detritus  deposited  in  seas  or  lakes)  it  is  very 
difficult  to  say.  In  either  case  we  have  triturated  rock-matter,  in 
which  a  banded  arrangement  of  the  constituents  prevails.  It  must 
be  admitted,  however,  that  in  the  rocks  of  the  Malvern  Hills  the 
foliation  bears  but  little  resemblance  to  the  structure  induced  by 
Bhearing,  the  crystals  and  crystalline  grains  seldom  showing  any 
marked  lenticular  form,  while  there  is  but  little  resemblance,  as  a 
rule,  to  that  pseudo-fluxion  structure,  described  by  Lehmann  *  and 
other  observers,  which  is  so  characteristic  of  rocks  which  have  been 
modified  by  a  creeping  movement  along  structural  planes. 

My  conclusion  is,  that  tTie  rocks  of  the  Malvern  Hills  represent  part 
of  an  old  district  consisting  of2>lutonic  and,  possibly ,  volcanic  rocks, 
associated  with  tuffs,  sedimentary  rocks  composed  mainly  or  wholly  of 
eruptive  materials,  and  grits  and  sandstones.  That  the  structural 
planes  in  these  rocks,  sometimes  certainly,  at  others  possibly,  indi- 
cate planes  of  stratification,  and  that  the  foliation  in  many  cases,  if 
not  in  all,  denotes  lamination,  duo  to  deposition  either  in  water  or 
on  land  surfaces,  probably  more  or  less  accentuated  or  altered  by 

*  *  EntBtehung  der  altkrjst  Schiefer.'    Bonn,  1884. 
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the  movements  which  produced  the  npheayalsi  subsidences,  and 
flexures  prevalent  in  the  range. 

If  the  progressive  development  of  organisms  be  admitted,  we  can 
scarcely  consider  that  the  Trilobites  found  in  the  Cambrian  rocks 
represent  the  earliest  forms  of  life,  and,  consequently,  we  may  infer 
that  earlier  sedimentary  deposits  have  existed  in  which  still  lower 
types  would  be  found.  Yet,  putting  Eozoon  out  of  the  question,  if 
such  fossiliferous  deposits  exist,  where  are  they,  unless  so  com- 
pletely metamorphosed  that  their  life-history  can  no  longer  be  de- 
ciphered? This  seems  an  additional  reason  for  supposing  that,  in 
the  Archsean  rocks  we  have  metamorphosed  sediments  associated 
with  the  products  of  vulcanicity  and  with  plutonic  rocks. 

The  observations  embodied  in  this  paper  are  necessarily  very  im- 
perfect To  unravel  the  structure  of  the  Malvern  Hills  would  be 
the  work  rather  of  a  lifetime  than  of  a  few  months.  It  should  also 
be  remembered  that  the  whole  Malvern  chain  is  only  about  eight 
miles  in  length  and  barely  three  quarters  of  a  mile  in  breadth  in  its 
broadest  parts;  that  it  is  grass-covered  throughout,  save  where 
outcrops  occur  or  where  quarries  have  been  opened ;  and  that  these 
outcrops  and  quarries  are  not  sufficiently  numerous  to  enable  an 
observer  to  work  out  the  relation  of  the  rocks  to  one  another  with 
any  precision,  except  in  a  few  places.  It  is  therefore  manifest  that 
it  would  be  unsafe  to  draw  any  general  conclusions  &om  such 
scanty  data  and  in  so  limited  an  area,  except  provisionally  and  with 
great  caution. 

Appendix  to  Past  IT. 

The  conclusions  arrived  at  in  this  paper  have  necessitated  some 
alteration  in  the  interpretation  of  the  structure  of  the  Malvern 
Eange,  as  illustrated  diagrammatically  in  the  section  which  was 
appended  to  Part  I.  (facing  p.  488), 

The  prevalence  of  quartzHsyenite  or  hornblendic  granite  and  the 
existence  of  true  diorites  and  hornblendic  gabbro  indicate  that,  at 
all  events  in  a  considerable  portion  of  the  North  Hill,  the  rocks  are 
certainly  eruptive.  There  seems  also  reason  to  believe  that  much  of 
the  mass  lying  between  the  Dingle  and  the  summit  of  the  Worces- 
tershire Beacon  is  also  of  a  syenitic  or  granitic  character,  while  it  is 
highly  probable  that  the  granulite  occurring  close  to  the  summit 
represents  a  marginal  condition  of  the  granite.  Of  the  relation  of 
the  diorite  to  the  granite  and  syenite  I  am  uncertain ;  but  it  seems 
probable  that  the  diorite  flanks  these  rocks  as  at  Cock's  Tor,  Brazen 
Tor,  and  other  localities  in  Devonshire,  where  gabbros  and  sometimes 
amphibolites  rest  on  the  flanks  of  the  Dartmoor  granite  *.  It  is 
probable  also  that,  in  some  cases,  the  diorite  penetrates  the  granitic 
and  syenitic  rocks.  Upon  these  considerations  I  venture  to  alter 
that  part  of  the  diagrammatic  section  appended  to  Part  I.  which 
lies  between  the  northern  end  of  the  range  and  the  Wych,  as  in  the 
annexed  figure  (fig.  4) ;  but  it  must  be  remembered  that  this  altered 

*  "  The  Eruptive  Books  of  Brent  Tor/'  Mem.  Geol.  Sanrey,  p.  15. 
aJ.G.S.  No.  171.  2ic 
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yersion  is  stall  hypothetical,  and  is  not  the  outcome  of  any  detailed 
fieldwork. 

Eig.  4. — Hypothetical  Section  through  the  North  HiU  and  the 
Worcestershire  Beacon. 


Worcestershire  Beacon.  North  HilL 

^BQranite.    (i«Diorite.    97k2-iMioa-diorite.    ^«Granulite.    Aw  Hornblende' 
gabbro.    a = Gneissic  rocks.    F  F = Faults. 

The  dotted  lines  indicate  the  relative  positions  of  the  rocks  prior  to  faulting. 
The  rook  marked  Granite,  ff,  is  really  a  Tery  homblendic  Granite  or  Quartz- 
syenite. 

It  may  also  be  desirable  to  alter  that  part  of  the  section  which 
lies  between  the  Herefordshire  Beacon  and  the  Baggedstone,  treating 
the  northern  part  of  Swinyard's  Hill  as  part  of  a  possibly  once  deep- 
seated  mass  of  granite  or  pegmatite  faulted  in  among  newer  rocks. 

The  late  Dr.  Holl  was  of  opinion  that  this  part  of  Swinyard's  Hill 
was  chiefly  composed  of  granitic  veins  *,  and  it  is  quite  possible  that 
he  may  have  been  right,  since  he  mentioned  gneissoid  rocks,  hom- 
blendic gneiss  and  schists  as  occurring  with  the  granite. 

His  observations  in  this  locality  were  much  more  detailed  than  my 
own,  yet  I  must  admit  that  this  portion  of  the  ridge  did  not  appear 
to  me  to  consist  of  veins,  and  he  himself  seems  to  have  felt  consider- 
able doubt  upon  this  point,  as  evidenced  by  the  expressions ''  Granite, 
probably  a  vein,"  "  Granite  vein  ?  " 

The  rocks  north  of  this  fault  crossing  Swinyard's  Hill  and  forming 
the  highest  part  of  the  ridge  appear  to  be  coarse  homblendic  granite 
or  quartz-syenite,  diorite,  and  gneiss.  The  diorites  occur  on  either 
side  of  the  coarse-grained  quartZH9yenite,  as  roughly  indicated  on 
the  section  (fig.  3,  facing  p.  488),  and  the  contact  of  similar  rocks 
in  the  Worcestershire  Beacon  and  North  Hill  is  worthy  of  note. 

The  southern  part  of  Midsummer  Hill  also  shows  an  intrusive  or 
else  an  interbedded  diabase,  probably  the  former. 

*  Cjp.  ci^.  p.  77, 
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With  these  exceptions,  I  am  disposed  to  let  the  remainder  of  the 
section  (appended  to  Part  I.)  stand  as  it  is  for  the  present,  since  it 
is  merely  intended  to  represent  diagrammatically  what  may  be,  and 
is  based  upon  a  very  limited  foundation  of  observed  facts. 

The  foliated  finely-crystalline  gneiss,  micaceous  sclusts,  and  quart- 
zites  in  the  south  of  the  range  appear  to  represent  a  series  of  altered 
and  probably  once-stratified  rocks,  such  as  sandstones,  and  micaceous 
and  felspathic  grits,  and  these  graduate,  as  we  pass  northwards,  into 
gneissic  rocks,  which  probably  represent  coarse  tu£&  and  detrital 
deposits,  composed  almost  wholly  of  materials  derived  from  the 
waste  of  plutonic  rocks.  These  are  associated  with  plutonic  rocks 
of  similar  mineral  constitution,  probably  in  some  cases  of  a  later 
date,  but  still  of  immense  antiquity. 

It  may  also  be  a  point  of  some  significance  that  in  what  is  here 
regarded  as  the  Lower  gneissic  series  we  have  hornblende  in  great 
quantity ;  in  the  Middle  series  the  rocks  become  partly  micaceous 
and  partly  hornblendic ;  while  in  the  Upper  gneissic  series,  horn- 
blende is  almost  or  totally  absent,  and  the  rocks  in  the  lower  part 
of  this  Upper  series  are  very  micaceous.  The  mica,  however,  becomes 
less  and  less  plentiful  as  we  pass  southwards,  until,  in  the  upper  part 
of  this  Upper  series,  it  is  present  either  in  very  small  quantity  or 
disappears  altogether,  as  in  the  quartzites.  There  is,  in  fact,  as  we 
pass  from  the  north  to  the  south  of  the  Malvern  Eange,  a  diminution 
in  the  percentage  of  those  minerals  which  have  the  greatest  density. 

Although  in  this  paper  it  is  assumed  that  the  rocks  of  the  Malvern 
Hills  are  partly  eruptive  and  partly  detrital,  the  latter  showing  under 
the  microscope  no  distinct  pseudo-fluxion  structure  such  as  would  be 
expected  in  cases  of  well-marked  pressure-metamorphism,  yet  it  is 
quite  possible  that  the  foliation  in  some  of  these  rocks  may  be  due 
to  the  latter  cause. 

One  of  the  strongest  arguments  in  favour  of  such  an  hypothesis  is 
that  foliated  or  gneissic  diorite  is  here  and  there  found  in  contact 
with  non-foliated  diorite,  while  gneissic  quartz-syenite  also  occurs  in 
contact  with  quartz-syenite  in  which  no  foliation  is  discernible. 

That  the  mass  which  constitutes  the  main  ridge  of  the  Malvern. 
Hills  has  experienced  repeated  movements  and  dislocations  coupled 
with  great  stresses  there  can  be  no  doubt.  Hence  there  is  strong 
probability  that  pressure-metamorphism  has  had  some  share  in  de- 
veloping ike  minute  structural  characters  of  these  rocks.  Distinct 
evidence  upon  this  point  seems,  however,  as  yet,  to  be  wanting ;  and 
therefore,  although  willing  to  make  all  due  concession  to  the  advo- 
cates of  pressure-metamorphism,  on  the  production  of  sufficient 
proofs,  I  am  for  the  present  disposed  to  hold  by  the  opinions  which 
I  have  already  stated,  modifying  them  only  to  the  extent  here 
indicated. 

There  are  probably  many  exposures  of  rock,  south  of  the  Worces- 
tershire Beacon,  which  the  limited  time  at  my  disposal  prevented  me 
from  visiting,  nor  am  I  sure  that,  among  the  specimens  which  I 
collected,  there  may  not  be  many  which  would  present  fresh  points 
of  interest  if  examined  microscopically.     In  those  which  have  been 

2m2 
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80  examined  there  may  also  be  some  minerals  which  I  have  failed 
to  recognize.  Mr.  Teall  informs  me  that  he  has  detected  sphene  in 
some  of  the  rocks  of  the  North  Hill,  and  I  am  by  no  means  certain 
that,  in  one  or  two  of  the  sections  prepared  from  specimens  collected 
at  the  sonthem  end  of  the  range,  mtile  is  not  present.  The  opinions 
frequently  expressed  concerning  the  species  of  the  felspars  mnst  also 
be  accepted,  in  some  cases,  with  a  certain  amount  of  reserve,  since  the 
measurement  of  the  extinction-angles  was  often  made  from  imperfectly 
developed  crystals  in  which  the  directions  of  the  planes  of  section 
were  extremely  doubtfdl. 

Fnder  any  circumstances  the  paper  does  but  very  imperfect 
justice  to  the  various  points  discussed  in  it,  and  there  still  remains 
in  these  Archaean  rocks  a  vast  and  comparatively  unexplored  field 
for  the  exercise  of  the  hammer  and  the  microscope. 


EXPLANATION  OF  THE  PLATES. 
PlatkXIX. 

Fig.  1.  Gneissic  quartz-Byenito.    North  Hill,    x  18.    (Specimen  no.  1.) 

2.  Epidote-plagioclase  rock.     Probably  an  altered  diorite-tuiff.     North 

Hill.    X  18.    (Specimen  2.) 
8.  Coarsely  crystalline  and  slightly  foliated  diorite  or  homblendic  gneiss. 

North  Hill.    X  18.    (Specimen  3.) 

4.  Coarsely  crystalline  quartz-diorite  or  homblende-gabbro.    X  56.    The 

drawing  shows  portions  of  crystals  of  hornblende  and  orthoclase. 
(Specimen  4.) 

5.  Diorite.    lyy  Scar  Bock,  North  Hill.     X  25.    (Specimen  7.) 

6.  Biotite-gneiss.    Quarry  above  church,  WefltMalyem.     x  55.    (Speci- 

men 9.) 

7.  Altered  mica-dlorite.    Large  quarry  (Leighton's)  at   mouth  of  the 

Dingle.     X 18.     (Specimen  10.) 

8.  Granulite.    Worcestershire  Beacon,  sear  top,  north  side.     X  55,  pola- 

rized lights  nicols  +•    (Specimen  11.) 

Flat!  XX. 

Fig.  1.  Quarts-syenite  or  homblendic  granite  (feebly  foliated  ?).    Top  of  North 
Hill.     X  25.    (Specimen  6.) 

2.  Granite.    Worcestershire  Beacon,  near  top,  north  side.      x  18,  niools 

+.    (Specimen  12.) 

3.  Diorite  ?  (s}'enite?)  ^felspars  much  decomposed).    Worcestershire  Bea- 

con, top.     X  18,  nicols  +•    (Specimen  13.) 

4.  Diorite.    Worcestershire  Beacon,  top  (?  dyke).      X  18,  niools -f.    (Spe- 

cimen 14.) 

5.  Epidosite  (altered  quartz-diorite).    Worcestershire  Beacon,  top,  north 

side.     X  18.    (Specimen  15.) 

6.  Diabase-tuff  (?  foliation  due  to  pressure-metamorphism).    Herefordshire 

Beacon,  north  side,  near  top  of  ancient  British  camp,     x  25.    (Speci- 
men 16.) 

7.  Homblendic  gneiss.    Herefordshire  Beacon,  north  side,  near  top  of 

ancient  British  camp.     X  18.     (Specimen  17.) 

8.  Eucrite  or  anorthite-basalt     Herefordshire  Beacon,  dose  to  and  on 

west  of  the  cave.     X  18.    (Specimen  18.) 

9.  Basalt.    Herefordshire  Beacon,  east  side,  at  back  of  the  caye.     X    5. 

(Specimen  19.) 
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Fig.  10.  Diorita.    Swinyard's  Kill,  north  side  of  highest  point  of  ridge.    X  18. 
(Specimen  25.) 

11.  Biotite-muBcovite-gneiss.    Swinyard's  Hill,  largest  quarry,  south  end. 

X  18.    (Spedmen  27.) 

12.  lUca-sohist.     Baggedstone  Hill,  east  spur,  top  of  north  end.     X  18. 

(Specimen  28.) 

Plats  XZI. 

Fig.  1.  Altered  felspathic  sandstone.    Baggedstone  Hill,  top,  east  spur.     X  25. 
nicols  -f-.    (Specimen  30.) 

2.  Quartzite-schist  (micaceous).    Baggedstone  Hill,  top,  east  spur.     X  25. 

(Specimen  31.) 

3.  Microoline..cry8tal  (crushed  and  faulted)  in  granitic  yein.    Quarry  close 

to  and  on  south-west  of  the  Wych.     X  35,  nicols  -f .    (Specimen 
38.) 
4  &  5.  Corroded  and  bent  crystals  of  tridinio  felspar  in  basalt.    Here- 
fordshire Beacon,  east  side,  at  back  of  the  caye  (see  also  fig.  9,  PL  XX.). 
X  55,  nicols  +.    (Specimen  19.) 

6.  Globulitic  crystallites  in  biotite  of  granite.    Worcestershire  Beacon, 

north  side,  near  summit.     X  850.    (Specimen  12.) 

7.  Devitrified  obsidian,  showing   perlitic  structure  and    faulted    band. 

Herefordshire  Beacon,  back  oi  the  care,  oyerlooking  Castle  Morton 
Common.     X  56.    (Specimen  20.) 

8.  Diagram  showing  track  of  spontaneously  moving  bubble  in  fluid-lacuna 

in  quartz  of  gndssic  quartz-syenite.    North  mil.    (Specimen  1.) 

9.  Group  of  apatite  crystals  in  diorite.    North  Hill,  just  south  of  iTy 

Scar  Bock,     x  350.     (Specimen  7.) 

Noie,— When  not  otherwise  specified,  the  figures  are  represented 
as  yiewed  by  ordinary  transmitted  light. 

Discussion 
(December  1,  1886). 

The  Pbbbident  said  that  it  was  satisfactory  that  the  Author  had 
been  able  so  completely  to  confirm  Dr.  HoU's  work.  The  three 
issues  raised  in  the  paper  would  probably  meet  with  a  varying 
amount  of  acquiescence  on  the  part  of  the  members : — (1)  that 
these  rocks  are  metamorphic,  and  not  igneous,  few  would  contest ; 
(2)  there  might  be  a  difference  of  opinion  as  to  the  significance  of 
the  apparent  succession  ;  (3)  he  anticipated  a  debate  on  the  relation 
of  foliation  to  sedimentation. 

Prof.  BoKNET  would  abstain  at  so  late  an  hour  from  discussing 
the  general  question  of  foliation.  Some  years  ago  he  had  made  a 
collection  of  these  rocks,  as  also  had  Mr.  Allport,  who,  he  trusted, 
would  yet  publish  the  results  of  his  investigation.  He  would  now 
only  ask : — 

(1)  Had  the  Author  detected  any  indications  of  schistosity  along 
planes  of  mineral  banding  ? 

(2)  Is  there  any  strong  proof  of  mechanical  disturbance  productive 
of  deavage-foliation  ? 

(3)  Lastly^  in  studying  the  structure  of  the  more  coarsely  crys- 
talline rocks,  had  he  come  upion  those  curious  structures  which  occur 
in  the  oldest  known  gneisses,  or  upon  those  distinctly  characteristic 
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of  igneous  rocks,  and  were  they  in  any  way  modified  by  meta* 
morphlBm  ? 

If  these  Malvernian  rocks  are  gneisses  of  true  Laurentian  types, 
he  would  find  them  exhibit  certain  modifications  in  passing  upwards. 

Mr.  Teall  said  that  the  Author  had  described  a  number  of  facts 
which  any  theory  of  the  district  would  have  to  account  for.  What 
is  the  significance  of  the  principal  structural  pianos  ?  This  was  the 
question  which  must  be  solved  before  any  advance  in  the  theoretical 
interpretation  of  the  district  could  be  made.  The  Author  appeared 
inclined  to  think  that  these  planes  were  originally  planes  of  strati- 
fication ;  otherwise  no  conclusions  as  to  age  could  be  drawn.  The 
coarsely  crystalline  rocks  were  igneous  rather  than  sedimentary  in 
aspect.     He  thought  they  might  be  igneous  and  of  plutonic  origin. 

The  Prssidekt  observed  that  both  the  great  longitudinal  fault 
and  also  the  cross  faults  were  of  later  date  than  the  foliation. 

The  Author,  in  reply,  said  that  the  President  had  indicated  with 
great  deamess  the  lines  which  the  discussion  should  take.  He 
agreed  with  him  concerning  the  age  of  the  faults ;  the  amount  of 
their  throw  is  difficult  to  determine.  Had  he  known  of  the  in- 
tention of  Prof.  Bonney  and  Mr.  Allport  to  take  up  this  subject  he 
would  have  abstained  from  the  task.  Not  having  fully  examined 
his  slides,  he  was  unable  to  answer  questions  relating  to  the  micro- 
scopic characters  of  the  rocks.  He  had  found  no  particular  evidence 
of  mineral  reconstruction  along  divisional  planes.  Difficult  to  say 
whether  these  rocks  were  or  were  not  igneous ;  they  are  very  like 
some  igneous  rocks  and  yet  with  a  rude  foliation.  He  then  spoke 
of  the  difierent  meanings  attached  to  the  word  metamorplusm. 
Judging  from  hand  specimens,  the  Malvern  rocks  seemed  to  resemble 
those  from  the  Hebrides  and  Canada.  He  had  little  doubt  that 
the  fine-grained  schists  were  sedimentary,  as  they  even  contained 
beds  of  quartzite.  He  admitted  that,  according  to  the  meaning 
given  to  the  section,  the  great  planes  must  be  taken  as  bedding- 
planes.  If  the  rocks  were  igneous,  then  the  divisions  into  upper, 
middle,  and  lower  groups  had  but  little  meaning.  There  may  have 
been  interbedded  lava-fiows.  He  had  never  met  with  divisional 
planes  of  such  an  even  and  persistent  character  in  undoubted 
plutonic  rocks.  The  divisional  planes,  rudely  parallel  to  the  sur- 
faces of  granitic  masses,  such  as  those  described  by  Boase  and 
De  la  Beche,  were  far  less  regular. 

Discussioir 

(^pn7  6, 1887»). 

The  Fbxsidskt  observed  that  the  Society  did  not  often  enjoy  the 
advantage  which  they  had  that  evening,  of  hearing  papers  on  the 
same  locality  by  two  authors  who  looked  at  the  subject  from  dif- 
ferent points  of  view. 

*  This  Disousnon  relates  also  to  Dr.  Callaway's  papers  on  the  Bocks  of 
Galway  and  the  Malyem  Hills,  pp.  617  and  525. 
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Mr.  Tbaxjc.  said  that  Mr.  BuUey  had  described  a  number  of  im- 
portant facts,  but  was  very  guarded  in  his  interpretation  of  them. 
Dr.  Callaway  offered  solutions  of  many  of  the  problems.  The  pas- 
sage from  felsite  into  a  variety  of  mica-schist  was  of  great  interest. 
He  agreed  with  Dr.  Callaway,  that  crystalline  schists  and  massive 
igneous  rocks  of  similar  chemical  composition  are  frequenUy  found 
in  association  with  each  other.  He  also  agreed  with  Dr.  Callaway 
Bs  to  the  origin  of  certain  banded  gneisses.  Granitic  aod  dioritic 
rocks  might  be  seen  in  one  part  of  the  Lizard  to  vein  each  other  in 
the  most  intricate  manner.  It  was  possible  to  trace  the  veined 
series  into  a  banded  gneissio  series  without  a  break.  He  regarded 
the  banded  gneissic  series  as  the  result  of  the  deformation  of  a 
complex  mass  of  plutonic  igneous  rock,  and  this  was  the  view  he 
understood  Dr.  Ccdlaway  to  maintain  with  reference  to  some  of  the 
Malvern  gneisses. 

Dr.  HiOKs  said  that  the  two  views  were  nearer  than  would  appear. 
Each  admitted  that  there  was  a  granitoid  rock  in  the  centre,  with 
dioritic  rocks  on  the  flanks,  both  igneous.  To  a  certain  extent  these 
conditions  are  similar  to  what  is  found  in  some  parts  of  Scotland, 
where,  associated  with  granitoid  rocks,  there  is  a  series  of  schists  and 
gneiss.  He  was  disposed  to  incline  towards  Mr.  Eutley's  view,  that 
there  is  a  series  of  some  kind,  probably  as  in  the  Pebidian — a  vol- 
eanic  series — where  pressure  had  produced  schistosity  in  parts 
even  of  the  intrusive  rocks,  but  not  in  the  great  masses.  Dr. 
Callaway  speaks  of  a  felsitic  rock  converted  into  mica-schist ;  from 
this  view  he  was  inclined  to  differ,  as  some  of  the  specimens  exhi- 
bited as  converted  into  mica-schists  should  be  classed  rather  as 
schistose  felsites,  as  the  felsitic  structure  is  not  destroyed,  and  the 
mica  occurs  as  a  secondary  product  along  the  deavage-planes,  mainly 
as  the  result  of  infiltration.  The  ArchaBan  rocks  may  be,  in  the 
main,  of  igneous  origin,  but  they  contain  also  detrital  and  chemical 
deposits. 

Col.  McMahok  asked  Dr.  Callaway  whether  the  foliation  ^of  a 
certain  mass  shown  on  one  of  the  diagrams  had  been  produc  d  by 
intrusion,  by  pressure  previous  to  consolidation,  or  by  pressure  suIh 
sequent  to  consolidation,  and,  if  subsequent,  how  he  accounted  for 
the  granite  showing  no  foliation  at  all. 

Dr.  Cjlllawat  expressed  himself  unable  to  explain  Mr.  Eutley's 
diagrams,  and 

Mr.  ExTTLET  stated  that  the  section  through  the  North  Hill  was 
hypothetical. 

The  Fbesident  commented  on  the  different  inferences  drawn  from 
the  same  set  of  facts.  In  the  North  Hill  there  are  rocks  not  foliated 
and  others  greatly  foliated.  To  Mr.  Eutley  this  afforded  the 
strongest  proof  of  difference  of  origin,  whilst  Dr.  CaUaway  saw 
gradual  transitions  from  one  to  the  other.  The  attempt  to  explain 
die  formation  of  schists  from  volcanic  rocks  of  an  acid  character 
had  not  been  made  before  in  this  country. 

Mr.  EuTLET,  in  reply,  was  at  a  loss  to  recognize  the  position  of 
Dr.  Callaway's  section.    He  remarked  that  the  foliation  in  these 
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rocks  appears  to  be  restricted  to  bands.  He  referred  to  a  diagram 
in  a  recent  publication  by  Mr.  Mellard  Beade,  which  proves  that 
flexnre  cannot  take  place  without  great  trituration  of  the  inter- 
vening mass,  and  he  considered  that  such  a  cause  had  produced  a 
certain  amount  of  foliation.  He  commented  on  the  opposite  views 
expressed  by  Drs.  Hicks  and  Callaway  with  reference  to  the 
alleged  conversion  of  felsitic  rocks  into  micarschists.  A  case  paralleL 
to  one  of  the  instances  of  foliation  mentioned  by  Dr.  Callaway  may 
be  met  with  on  the  west  of  Dartmoor. 

Dr.  Callaway,  in  reply,  congratulated  himself  on  having  had  the 
support  of  Mr.  Teall.  Beplying  to  Dr.  Hicks's  remarks,  he  held  that 
there  was  a  true  passage  between  felsite  and  mica-schist ;  but  this 
was  a  matter  of  field-observation,  and  could  not  be  decided  in  that 
room.  He  did  not  see  how  a  succession  could  be  made  out  of 
hypogene  igneous  rocks.  How  the  localization  of  pressure  wa» 
^ected  he  could  not  tell.  There  is  a  foliation,  whether  local  or 
general.  The  section  queried  by  Mr.  Eutley  is  half  a  mile  north. 
oftheWych. 
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36.  On  ihe  Alisoed  ComrEBSioN  of  Cbtstallike  Sohibtb  into 
loiTBOirs  Rocks  tn  Cotjwtt  Galwat.  By  C.  Callaway,  Esq., 
D.Sc.,  F.G.S.    (Read  April  6, 1887.) 

Introductiox. 

1.  General  Distribution  of  the  Igneous  Books. 

2.  The  Relations  of  the  Isneous  Rocks  to  each  other  and  to  the  Schists. 

Enockseefin,    Grouna  south-east    of  Glendalough,  Letterehinna, 
Ground  south  of  Glendalou^. 

3.  The  Foliation  of  the  Igneous  Ilocks. 

The  Granite.    The  Diorite.    Veins  of  an  Addio  Rock. 

4.  Age  of  the  Igneous  Rocks. 

5.  The  Galway  Gneiss. 

6.  Stunnuury. 

Iktbodugiion. 

Thb  theory  of  the  metamorphism  of  aqueous  deposits  into  granite  and 
other  igneous  rocks  has  been  maintained  by  most  Irish  geologists, 
and  is  set  forth  with  much  detail  in  the  elaborate  memoirs  of  the 
Irish  Geological  Survey*  on  the  district  between  Galway  and 
Westport.  It  therefore  seemed  to  me,  after  some  preliminary  work 
in  Donegal  t)  that  the  Connemara  region  would  probably  afford 
rich  material  for  the  determination  of  the  question.  In  this 
hope  I  was  not  disappointed;  but  while  working  at  the  relations 
between  the  igneous  and  the  metamorphio  rooks,  another  problem, 
the  origin  of  tiie  schists  themselves,  began  to  emerge.  The  result 
of  my  inquiries  was  a  singular  reversal  of  the  theory  I  was  exam- 
ining. I  found,  not  that  the  igneous  rocks  had  been  formed  out  of 
schists,  but  that  some,  at  least,  of  the  schists  had  been  formed  out  of 
igneous  rocks.  The  Galway  region  has,  indeed,  been  most  fruitful 
in  suggestion,  and  has  supplied  me  with  a  clue  to  the  origin  of  some 
of  the  less  complex  gneisses. 

I  have  to  acknowledge  my  obligations  to  Prof.  Bonney,  E.R.S., 
who  has  been  kind  enough  to  look  through  my  microscopic  slides, 
and  to  give  me  his  opinion  on  critical  points. 

In  discussing  the  origin  of  the  igneous  rocks,  it  will  be  desirable 
to  state  briefly  the  evidence  upon  which  the  theory  of  the  Irish 
Survey  has  been  based.  I  will  give  the  chief  points,  as  far  as 
possible,  in  the  words  of  the  Survey  Memoirs  j;. 

Of  the  granite  there  are  three  types — Intrusive,  Porphyritic,  and 
Foliated.  The  porphyritic  passes  into  the  porphyritio-foliated,  and 
the  latter  sometimes  gradually  loses  its  porphyritic  character,  and 
seems  to  pass  into  gneiss  and  schists.  It  is  inferred  as  probable  that 
the  foliation  of  the  granite  points  to  its  original  stratification  and  that 
even  the  porphyritic  granite  was  originally  part  of  a  sedimentary 
series ;  but  being  nearest  to  the  *'  seat  of  metamorphic  action,"  *^  aU 

*  To  accompany  sheets  93,  94,  96, 104, 106,  113, 114. 
t  Quart.  Joum.  G«o].  Soa  toI.  zli.  p.  221. 
X  Memoirs  106  and  114,  pp.  7-16  9t  alibi. 
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or  nearly  all  traces  of  foHation  which  succeeded  the  stratification '' 
had  been  obliterated. 

In  the  **"  metamorphic  sedimentary  rocks "  are  **•  conglomeritic 
beds,"  '^  containing  large  and  small  blocks,  sometimes  sparingly 
scattered  through  the  mass,  but  often  thickly  together."  When  the 
blocks  are  scattered  they  are  considered  to  be  due  to  a  nodular 
structure  in  the  original  rock;  but  when  numerous,  the  rock  is 
regarded  as  *'  metamorphosed  conglomerate." 

Of  the  numerous  varieties  of  igneous  rocks  described  in  the  Surrey 
Memoirs,  I  shall  usually  be  able  to  confine  myself  to  two,  granite 
and  diorite.  The  granite  is  either  uniform  in  grain  or  porphyritic, 
and  either  kind  may  be  foliated.  The  diorite  is  generally  a  dark- 
green  coarsely  crystalline  rock  without  varietal  differences  of 
importance.  For  the  purposes  of  this  paper,  it  will  be  unnecessary 
to  notice  minute  distinctions. 


1.  Genebax  DisTsiBunoN  OF  THB  loNxous  Booxs. 

The  granite  forms  an  extensive  area  reaching  from  the  town  of 
Galway  all  aloug  the  northern  side  of  Galway  Bay  to  the  open 
Atlantic,  and  broadening  out  towards  the  west  to  a  width  of  nearly 
20  miles.  It  also  appears  in  irregular  intrusions  amongst  the 
schistose  rocks  to  the  north  of  the  main  mass.  The  most  prominent 
exposures  of  the  diorite  are  dotted  at  intervals  round  the  northerly 
margin  of  the  chief  granite  mass,  either  at  a  little  distance  from 
it  or  in  actual  contact  with  it. 


2.  The  Eelatioits  of  the  Igneous  Eogxs  to  bach  otheb  ajtd 
TO  the  Schists. 

Knockseefin, 

This  hill  lies  nearly  4  miles  to  the  south  of  Oughterard,  and 
dose  to  the  mai^in  of  the  chief  granite-mass  of  the  region.  This  is 
stated  *  to  be  the  typical  locality  for  witnessing  the  passage  of 
granite  into  schist. 

The  ground  is  covered  between  the  granite  and  the  gneiss  of 
which  the  hill  is  chiefly  composed.  The  latter  rock  is  a  mica-gneiss 
of  coarse  grain,  but  dearly  banded,  weathering  on  strike-surfo^oes 
in  fine  parallel  raised  lines.  The  foliation -planes  strike  to  the  N.W. 
Towards  the  summit,  nodules  of  diorite,  lenticular  in  horizontal 
section,  made  their  appearance  in  the  gneiss,  their  longer  axes 
running  with  the  strike.  These  are  apparently  the  extremities  of 
veins  which  have  been  flattened  by  pressure. 

The  diorite-nodules  (veins)  increase  in  number  towards  the  top 
of  the  peak,  and  at  the  very  summit  the  rock  is  nearly  all  diorite. 
Granite  here  comes  in,  irregularly  penetrating  the  diorite.  The 
latter  displays  a  sort  of  nodular  jointing,  the  joint-blocks  running 
in  a  roughly  linear  manner  to  the  N.W.,  while  the  granite  in 

*  Einahan'B  *  Geology  of  Ireland/  p.  190. 
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places  finds  its  way  along  the  joints,  forming  a  cementing  matrix. 
The  mixed  rocks  thus  present  a  superficial  resemblance  to  a  con- 
glomerate. It  appears  from  this  section  that  the  diorite  is  intrusive 
in  the  gneiss,  and  the  granite  in  the  diorite.  It  would  also  seem 
as  if  the  diorite  had  consolidated  and  acquired  a  jointed  structure 
previous  to  the  introduction  of  the  granite.  How  this  ground  a£fbrds 
evidence  of  a  passage  from  granite  into  schist,  I  am  unable  to 
understand. 

Ground  south-tost  of  OlendaUmgh, 

The  singular  phenomena  I  am  about  to  describe  occur  at  the 
eastern  end  of  a  long  band  of ''  hornblende-rock/'  which  runs  in  an 
east  and  west  direction  for  a  mile  and  a  half.  We  here  see  all  the 
steps  of  the  process  by  which  igneous  rocks  have  been  converted 
into  a  pseudo-conglomerate. 

The  prevailing  rock  is  diorite,  with  a  very  distinct  jointing.  On 
the  weathered  surfaces  the  material  along  the  joints  has  yielded  to 
degrading  influences,  so  that  the  blocks  between  stand  out  in  relief. 
These  joint-blocks  have  a  diameter  varying  between  a  few  inches 
and  perhaps  two  feet.  In  shape  they  are  sometimes  roughly  oval  or 
ovate,  but  frequently  they  are  partially  angular  or  subangular. 
Some  of  them  are  represented  in  figs.  1-3. 

There  are  in  this  locality  several  outcropping  masses,  some  of 
which  consist  of  unbroken  diorite.  In  others,  the  following  appear- 
ance  is  observed.  Por  some  yards,  we  pass  the  jointed  diorite ; 
then  we  see  a  gradual  coming  in  of  the  granite.  Thin  veins  find 
their  way  along  the  joints,  in  one  place  coming  to  an  end  against  a 
joint-block  (fig.  1),  and  in  another,  where  the  joints  narrow,  termi- 

Fig.  1. — Section  of  Oranite  in  Jointed  Diorite, 


Bating  between  adjacent  blocks.  Not  far  off  we  see  veins  creeping 
along  each  side  of  a  block,  but  failing  to  force  their  way  entirely 
round  (fig.  2) ;  while  close  at  hand  the  granite  has  succeeded  in 
entirely  isolating  the  blocks  from  the  main  mass,  so  that  diorite  is 
immersed  in  granite.  It  is  therefore  clear  that  these  pseudo-con- 
glomerates are  merely  agglomerations  of  ioint-blocks  imbedded  in  a 
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ground-mass  of  granite.    For  these  mixtures  of  hypogene  rocks,  the 
term  <*  diglomerate  "  *  may  be  suggested. 

Fig.  2. — Section  of  Granite  in  jointed  Diorite. 


Lettershinna. 

Some  interesting  facts  in  confirmation  and  expansion  of  the  pre* 
ceding  observations  occur  in  this  hill,  which  lies  two  and  a  half  miles 
south-west  of  the  last  locality,  and  therefore  much  nearer  the 
granite  massif.  Lettershinna  is  a  ridge  running  east  and  west  in 
accordance  with  the  strike  of  the  region.  It  is  mainly  composed  of 
granite ;  but  near  and  at  the  summit  are  some  masses  and  blocks  of 
included  diorite. 

On  the  north-western  slope,  I  observed  an  oblong  block  of  diorite 
immersed  in  the  granite.  The  fragment  was  about  a  yard  long 
and  eighteen  inches  broad  (fig.  3).     The  microscope  shows  the 

Fig,  3. — Section  of  Diorite  in  foliated  Granite. 


hornblende  of  this  diorite  to  be  clear  and  well  crystallized;  but 
the  felspar  is  cloudy,  and  has  apparently  undergone  partial  decom- 
position. At  the  distance  of  about  a  foot  was  a  smdler  block  of  a 
roughly  ovoid  shape.  That  these  are  true  inclusions,  and  not  cross 
sections  of  veins,  may  be  seen  a  little  higher  up  the  hill.  Here  a 
block  of  diorite  is  exposed  in  the  face  of  a  cliff,  the  foliation  of  the 
granite  curving  round  the  block  both  above  and  below  it. 

Near  the  summit  of  the  hill  the  diorite  occurs  in  larger  masses. 
Some  of  these  are  fringed  by  one  or  more  outlying  ban<k  arranged 
roughly  parallel  to  the  margin.    In  one  place  there  were  three  of 

*  "  di-,**  because  the  bloclu  are  forced  asunder. 
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these  (fig.  4) ;  in  another,  only  one.  Sometimes  they  are  mere  flakes. 
They  are  isolated  from  the  main  masses  and  from  each  other  by 
granite.  It  would  appear  as  if  they  were  separated  from  the  parent 
blocks  by  exfoliation.    As  the  granite  rose  up  between  the  blocks, 

Rg.  4. — Section  of  Diorite  (?  exfoliated)  in  Granite. 


they  wonld  become  strongly  heated,  and  the  outer  zones,  being 
hottest,  would  by  their  greater  expansion  split  away  concentrically. 
That  the  exfoliated  fragments  retain  their  parallelism  to  the  adjacent 
margin  of  the  main  masses  is  a  remarkable  fact,  to  which  I  shall 
return. 

Ghround  south  of  QlendahugK 

Leaving  the  hotel  in  a  southerly  direction,  we  pass  over  crystalline 
limestone,  quartzite,  and  a  considerable  thickness  of  hornblende- 
schist.  A  little  farther  south  lies  a  large  mass  of  rock,  chiefly 
homblendic,  which  is  said  to  <'  graduate  into  the  associated  gneiss 
and  schist"  *.  Near  where  '*  2 "  is  marked  on  the  map,  there  is  a 
singular  entanglement  of  schist  with  granite  and  diorite.  The 
rocks  are  heavily  glaciated,  so  that  it  was  impossible  to  obtain  large 
specimens ;  but  even  the  small  fragments  collected  clearly  show  that 
there  is  no  passage  between  the  schists  and  the  igneous  rocks.  The 
schists  are  intensely  contorted  and  much  shattered,  and  the  granite 
or  the  diorite  sometimes  finds  its  way  even  between  a^'acent  folia, 
and  is  mixed  up  with  the  schists  in  inextricable  confrision.  Several 
contact-specimens  have  been  microscopically  examined,  and  Prof. 
Bonney,  at  my  request,  has  devoted  special  attention  to  them.  He 
thinks  l^ere  is  no  doubt  that  they  are  a  case  of  intrusion  of  granite 
into  a  fibrolite-schist ;  but  the  structure  of  the  granite  is  irregular 
and  peculiar,  owing  probably  to  its  contact  with  the  schist. 

It  is  a  striking  fact  that,  in  this  locality,  detached  folia,  or  bundles 
of  folia,  frequently  preserve  an  approximate  parallelism  to  the 
foliation  of  the  adjacent  schists.  This  might  appear  to  be  a  strong 
piece  of  evidence  in  favour  of  the  metamorphic  hypothesis.  It  is 
not  easy  to  believe  that  an  igneous  rock  coidd  have  been  intruded 
amongst  masses  and  fragments  of  schist  without  destroying  the 
parallelism  of  strike.    I  would,  however,  venture  to  urge  that  the 

*  Survey  Memoir,  93,  H  p.  139. 
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facts  fdrnished  by  the  Lettershinna  sections  greatly  attenuate  the 
difficulty.  If  I  am  right  in  my  reading  of  those  sections,  it  is  clear 
that  the  granite  has  intruded  between  the  strips  of  diorite  and 
pushed  them  apart,  without  materially  disturbing  their  parallelism. 

But  if  we  reflect  upon  the  probable  conditions  under  which  the 
granite  was  intruded,  even  the  original  difficulty  will  not  appear  so 
great.  The  displacing  power  of  an  intruding  current  of  molten 
matter  will  be  in  proportion  to  the  rapidity  of  its  motion.  Dykes 
of  greenstone  intruded  into  faults  often  contain  numerous  pieces  of 
fractured  rock  lying  pellmell.  But  an  igneous  rock  forced  along 
lines  of  least  resistance  by  tangential  pressure  may  be  expected  to 
move  with  extreme  slowness,  so  that  the  currents  might  act  rather 
in  the  manner  of  slowly  moving  wedges  than  with  the  irregularity 
of  an  ordinary  flow. 

Another  consideration  appears  to  me  of  still  greater  weight.  The 
region  under  discussion  has  been  subjected  to  great  pressure.  If^ 
then,  a  number  of  flattened  pieces  of  schist  were  scattered  pellmell 
through  the  plastic  mass  of  granite,  the  compressing  force  would 
move  the  fragments  into  planes  lying  at  right  angles  to  its  own 
direction.  We  are  familiar  with  a  similar  result  in  the  formation 
of  slates,  and  we  may  safely  infer  that  the  process  would  be 
facilitated  by  the  plasticity  of  the  granite. 

3.  Thb  Foliation  op  the  lemsoirs  Books. 

The  Foliation  of  the  Granite, 

The  foliated  structure  is  well  seen  in  the  district  south  of  Glen- 
dalough.  In  one  spot,  the  granite  runs  into  the  diorite  in  long 
tongues  striking  east  and  west,  that  is,  in  coincidence  with  the 
strike  of  the  schists  in  this  area,  and  here  the  foliation  of  the 
granite  is  also  east  and  west,  and  is  strongly  marked.  But  where 
the  veins  were  oblique  to  the  strike  of  the  re^on,  the  foliation  was 
oblique  and  obscure.  In  another  place,  where  the  veins  ran  north 
and  south,  they  were  intensely  contorted.  These  facts  point  clearly 
to  the  influence  of  an  earth-thrust  acting  along  a  north  and  south 
line. 

Foliation  in  the  Diorite. 

1  noticed  this  on  Knockseefin,  in  veins  intrusive  in  schist.  The 
foliated  structure  is  parallel  to  the  longer  axes  of  the  transverse 
sections  of  the  veins  and  to  the  strike  of  the  schists.  It  is 
obviously  due  to  pressure.  Prof.  Bonney  has  examined  slides  of 
this  squeezed  diorite,  and  he  finds  no  diflerence  between  it  and 
hornblende-schist. 

Foliation  in  Veins  of  an  Acidic  Bock, 

Near  the  summit  of  Shannarea  appear  several  veins,  lenticular  in 
plan,  which  are  not  easy  to  explain.  They  consist  of  quartz,  with 
a  little  mica,  probably  biotite,  and  a  fair  number  of  garnets.  The 
foliation  is  very  distinct,  and  coincides  with  the  foliation  of  the 
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enclosing  schists.  Most  of  the  mica  is  in  long,  narrow,  ragged  flakes, 
almost  Hke  bits  of  frayed  string,  and  suggests  great  compression. 
The  rock  is  now  a  sort  of  quartz-sclust.  What  it  was  originally,  it 
is  hard  to  say ;  but  I  see  no  reason  why  it  may  not  have  been  a 
homblendic  granite,  like  the  granite  of  the  district. 

4.  Age  of  the  Ignkoits  Eocks. 

The  Silurian  conglomerates  of  Killary  Harbour  are  mainly  com- 
posed of  large  rounded  fragments  of  igneous  and  metamorphic  rocks. 
Amongst  these  is  a  coarse-grained  granite,  with  a  great  deal  of 
plagiodase  and  a  little  altered  biotite.  The  constituents  of  this 
rock  are  the  same  as  those  of  the  typical  Galway  granite,  but  the 
felspars  are  smaller.  Pebbles  of  quartz-felsite  are  also  abundant* 
The  ground-mass  of  this  felsito  is  devitrified,  the  quartz-crysfcals  are 
large  and  clear,  and  there  is  a  small  proportion  of  biotite.  This 
description  will  also  apply  generally  to  the  ordinary  quartz-felsite 
near  Galway.  The  conglomerates  clearly  prove  that  in  early 
Silurian  times  the  adjoining  land  largely  consisted  of  igneous  rocks, 
closely  resembling  those  still  found  in  the  region,  and  we  may  there- 
fore fairly  conclude  that  the  granite  and  felsite,  with  the  still  older 
diorite,  are  of  Pre-Silurian  age.  The  metamorphic  schists  enclos- 
ing the  intrusive  masses  and  veins  are,  of  course,  of  still  greater 
antiquity. 

5.  The  Galway  Gneiss. 

This  rock  forms  a  triangular  area  about  two  miles  each  way,  with 
the  town  of  Galway  situated  in  the  centre.  It  is  bounded  on  the 
west  by  granite  and  felsite,  on  the  north-east  by  the  Carboniferous 
limestone',  and  on  the  south  by  Galway  Bay.  It  is  usually  coarsely 
crystalline.  The  common  minerals  are  quartz,  felspar,  and  horn- 
blende, with  epidote  as  accessory.  The  quartz  and  felspar  form  the 
ground-mass.  Immersed  in  it  are  numerous  dark,  speckled  blocks, 
suggesting  the  diorite  fragments  in  the  granite  further  west.  These 
block-like  masses  are  often  arranged  in  a  roughly  linear  manner, 
but  frequently  they  are  irregularly  distributed.  Hornblende  also 
occurs  in  bands  or  masses,  displaying  a  foliated  structure.  In  the 
latter  case,  the  rock  is  like  true  gneiss.  Rarely  could  I  And  con- 
tinuous seams  of  the  hornblende.  A  flaky  appearance  sometimes 
occurs  on  rather  a  large  scale,  long  slender  tongues  running  out 
irregularly  from  patches  of  foliated  hornblende  into  the  grey  grani- 
toid ground-mass. 

There  is  no  true  bedding  in  the  Galway  gneiss,  so  far  as  I  saw ; 
but  the  seams  and  masses  of  homblendic  rock  usually  lay  with  their 
longer  axes  dipping  at  a  high  angle  to  the  N.N.W.  Comparing 
this  gneiss  wiUi  the  diglomerates  already  described,  a  similarity  of 
origin  is  at  once  suggested,  the  apparent  dip  being  accounted  for  by 
tangential  pressure.  As  this  was  the  first  district  I  visited  in  Con- 
naught,  the  significance  of  the  phenomena  did  not  then  appear, 
and  my  work  proceeded  on  other  lines ;  but  the  hints  afforded  by  the 
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behaviour  of  the  igneous  rocks  of  the  region  farther  west  have  since 
been  worked  out  in  the  Malvern  Kills,  as  will  appear  in  a  separate 
communication. 

6.   SUHVIBT. 

1.  There  is  no  satisfactory  evidence  for  the  contention  that  the 
igneous  rocks  of  Western  Connaught  have  resulted  from  the  meta- 
morphism  of  schists,  since  in  every  locality  examined,  including  the 
type  section,  the  igneous  rocks  were  seen  to  be  sharply  separable 
from  the  schists  and  clearly  intrusive  in  them. 

2.  The  ''  metamorphosed  conglomerates  "  adduced  in  proof  of  the 
original  sedimentary  character  of  the  Galway  schists  are  mixtures 
of  schist,  diorite,  and  granite,  or  of  two  of  ^em,  the  ground-mass 
being  usually  granite. 

8.  There  is  no  proof  that  the  foliation  of  the  igneous  rocks  follows 
an  original  structure.     In  the  granite  it  is  chiefly  due  to  regional 

^  '*'  ~"  aents  of  diorite  in  granite  are  not  foliated,  but 
TeidR^H^te  in  schist  sometimes  display  a  foliation  caused  by 


4.  '^n^JI^MJkgiieiBsic  rocks  of  Galway  town  display  evidence  of 
having  VronV^med  in  part  from  mixtures  of  diorite  and  granite, 
similar  to  the  more  modem  diglomerates. 

(For  the  Discussion  on  this  paper,  see  p.  514.) 


H» -^ 
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:37.  A  PBBLDCiirABT  Inqitibt  into  the  Oekssib  of  the  Crystalline 
SoHisTS  of  the  Malyern  Hilia.  By  Ch.  GAUAWAr,  Esq.,  D.So., 
r.G.S.    (Read  April  6, 1887.) 

Introduction. 

1.  The  MaterialB  from  which  the  Schists  were  produced. 

Diorites,  Sereral  YarietieB ;  Ghranite;  Felsite. 

2.  Eridenoe  of  Preflsure. 

Contortion  of  Granite-TeinB. 
8.  The  Products  of  the  Metamorphism. 

A.  Simple  Schists. 

Hornblende-gneiss,  Mica-gneiss,  Mica-schists. 

B.  Injection-Schists. 

Duplex  Diorite-gneiss,  Granite-diorite-gneisB. 

4.  General  Bemarks. 

5.  Summary. 

Intboduotion. 

The  ig;neou8  origin  of  some  foliated  rocks  was  first  suggested  to 
me  by  the  granite  of  Northern  Donegal*.  The  Bay.  £.  Hill, 
r.G.8.,  had  previously  noticed  t  a  gneissic  structure  in  the  granite 
of  Guernsey.  Mr.  J.  J.  Harris  Tedl,  F.G.S.,  has  described  foliation 
in  basic  roc^s  in  the  North-western  Highlands  t  and  at  the  Lizard§. 
Schistosity  in  granitoid  rocks  has  also  been  observed  in  the  Alps 
by  Professor  Bonney||,  F.R.S.  Besides  English  workers,  several 
foreign  writers,  both  American  and  Continental,  have  declared  in 
favour  of  an  igneous  origin  for  certain  schists,  so  that  the  produc- 
tion of  a  parallel  structure  in  igneous  rocks  may  fairly  be  regarded 
as  an  established  fact. 

The  work  which  I  have  described  in  another  paper  (p.  617)  led  me 
to  hope  that  we  might  be  able  to  advance  a  step  further.  The  intru- 
sion of  veins  of  granite  in  diorite,  under  pressure,  suggested  that  at 
great  depths,  where  pressures  were  at  a  maximum  and  chemical 
processes  might  be  presumed  to  be  most  active,  gneissic  rocks  of  a 
more  varied  character  might  be  produced.  At  the  town  of  Galway 
I  had  seen  gneisses  which  might  have  been  produced  in  this  way ; 
but  the  crystalline  schists  of  the  Malvern  Hills  have  furnished  dear 
evidence  of  the  genesis  of  some  of  the  more  complex  gneisses,  be- 
sides throwing  additional  light  upon  the  production  of  the  simpler 
schists.  I  am  able  to  show  that  many  of  the  schistose  rocks  of 
Malvern  have  an  igneous  origin,  and  I  hope  that  the  clues  I  have 
obtained  will  enable  me  in  a  future  communication  to  extend  my 
explanations  to  certain  varieties  whose  genesis  is  at  present  less 
elearly  ascertained. 

*  Quart.  Joum.  Geol.  Soc.  toL  xli.  p.  221. 

t  Ibid,  vol.  xl.  p.  404. 

J  Bid.  vol.  xli.  p.  133. 

§  Geol.  Mag.,  Nov.  1886,  p.  481. 

II  Quart.  Joum.  Geol.  Soc.  Prea.  i^dress,  1886. 

aJ.G.S.  No.  171.  2n 
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1.   ThB  MatEBIALS  7B0M  WHICH   THE   SOHIBTS   WEBE  PBODUCED. 

Diorites, 

I  have  been  able  to  recognize  at  least  four  varieties  of  diorite  in' 
the  schists  thus  formed. 

Mediunv-black  (No.  1). — This  rock  contains  about  equal  pro- 
portions of  hornblende  and  felspar,  and  in  the  mass  appears  nearly 
black.  The  felspar,  under  the  microscope,  often  presents  a  cloudy 
appearance,  and  contains  numerous  dear  microliths,  both  conditions 
indicating  alteration.  When  the  alteration  is  only  slight,  the 
twinning  of  plagioclase  is  visible,  but  this  occurs  only  in  a  minority 
of  the  crystals. 

Coarse-black  (No.  2). — The  hornblende  is  often  in  a  greater  pro- 
portion than  in  No.  1.  The  crystals  of  both  minerals  are  larger. 
The  felspars  display  similar  alteration. 

Poarse-grey  (No.  3). — The  hornblende  is  usually  about  one  fourth 
of  the  mass.  Most  of  the  felspar  is  less  changed,  and  shows  the 
striping  of  plagioclase. 

Medium-grey  (No.  4). — The  hornblende  is  abundant,  but  pale  in 
colour.  The  felspars  display  no  twinning,  are  cloudy,  with  large 
patches  of  opacite  in  the  centre,  and  frequently  contain  microliths. 
This  variety  will  be  but  slightly  referred  to  in  the  present  paper. 

I  am  not  prepared  to  say  that  none  of  these  varieties  ever  graduate 
into  each  other,  but  I  have  seen  no  evidence  of  a  passage  in  any  case. 
No.  4  is  the  newest,  for  veins  of  it  occur  in  No.  3 ;  and  No.  3  is 
probably  newer  than  Nos.  1  and  2,  since  at  North  Malvern  it  con- 
tains rounded  and  angular  fragments  of  both.  The  occurrence  of 
these  fragments  would  seem  to  indicate  a  consolidation  previous 
to  the  intrusion  of  the  younger  variety,  and  this  is  confirmed  by 
sections  in  the  quarries  at  North  Malvern.  A  mass  of  No.  2  was 
seen  to  be  penetrated  by  a  variety  of  a  lighter  colour.  The  vein 
passed  between  irregularly  shaped  joint-blocks,  and  contained  de- 
tached pieces  of  the  darker  kind.  In  another  mass,  a  fine- 
grained diorite  was  intrusive  in  a  coarser  variety,  and  in  like 
manner  enclosed  large  blocks  of  the  older  rock.  In  this  respect 
the  mode  of  intrusion  is  sin^lar  to  that  of  the  granite  in  diorite, 
as  described  in  my  paper  on  the  rocks  of  Galway.  I  have  noticed, 
however,  that  in  Malvern,  as  well  as  the  town  of  Galway,  there  was 
a  more  thorough  welding  together  of  the  two  kinds  of  rock  at 
their  junctions  than  was  observable  in  the  Pre-Silurian  granite 
and  diorite  of  Gonnemara. 

Granite^ 

I  have  no  positive  evidence  of  the  existence  of  more  than  one 
variety  of  original  granite  in  the  Malvern  Rills.  This  is  the  well- 
known  binary  compound  of  quartz  and  red  orthodase. 

This  granite  is  younger  than  all  the  above-named  diorites.  By 
its  association  with  them  it  gives  rise  to  some  of  the  most  interes<>- 
ing  phenomena  of  the  region. 
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Fehite. 

Near  the  Wind's  Point,  there  is  a  well-marked  hand  of  felsite 
hading  in  accordance  with  the  handing  of  the  enclosing  gneiss. 
It  is  compact,  homogeneous,  and  of  a  pale-roddish  colour.  A 
similar  rock  occurs  in  the  Eaggedstone  Hill,  and  hy  its  modifica- 
tion gives  rise  to  schists. 

2.  EvTDENCB  OP  Pressure. 

Zones  of  crushing,  indicated  hy  hands  of  breccia,  are  very  common 
in  the  district ;  hut  some  of  these  are  posterior  to  the  metamorphism 
and  do  not  concern  us.  Some  direct  evidence  of  mechanical  force, 
resulting  in  schistosity,  will  come  out  in  describing  the  intimate 
structure  of  certain  rocks ;  but  it  is  obviously  difficult  to  obtain 
very  abundant  indications  amongst  igneous  masses,  where  there  are 
no  beds  to  be  contorted  and  faulted.  There  is  reason  to  believe 
that  the  pressure  is  partly  transformed  into  molecular  energy,  and 
thus  changes  are  brought  about  which  often  mask  mechanical  effects. 
There  is,  however,  some  field-evidence  for  the  action  of  enormous 
pressures.  A  good  example  is  seen  in  a  quarry  of  gneiss  at  the 
southern  termination  of  Key's  End  Hill.  The  foliation-dip  is 
at  a  moderate  angle  to  the  south-east.  The  rock  is  traversed  by 
contorted  veins  of  granite,  running  in  several  directions.  One  of 
these  is  shown  in  fig.  1,  and  gives  a  rough  measure  of  the  pressure^ 

Fig.  1. — Contorted  Granite-vein  in  Gneiss. 
S.W.  N.E. 


Assuming  the  vein  originally  to  have  been  straight,  its  length  has 
been  reduced  in  the  proportion  of  about  five  to  two. 

The  regional  pressure  has  acted  with  intensity  only  at  intervals 
along  the  range.  In  the  North  Hill  end  the  northern  part  of  the 
Worcestershire  Beacon  there  are  large  masses  of  diorite  which  have 
undergone  little  mechanical  change ;  but  between  the  summit  of 
he  Beacon  and  the  Wych  there  are  numerous  alternations  of  diorite 
and  granite  displaying  foliation.  The  long  ridge  between  the 
Wych  and  the  Wind's  Point  contains  a  great  deal  of  black  diorite 

2n2 
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with  granite- veins ;  but  at  intervals,  and  especially  at  the  sonthem 
end,  a  banded  stmcture  has  been  produced.  The  northern  part  of 
Swinyard's  Hill  is  composed  of  massive  granite,  while  at  the 
southern  end  is  a  flaggy  gneiss,  which  has  been  produced  from  the 
granite  by  pressure.  Other  examples  of  the  localization  of  pressure 
occur  in  the  hills  further  south. 


3.  The  PBonrcrs  of  the  Mbiavobphish. 
A.  Simple  Schists,  or  those  formed  from  one  hind  of  rock, 

ffomhlende^gneiss,  formed  from  Dtorite. — In  this  case  the  pres- 
sure has  rearranged  the  constituent  minerals,  so  that  the  horn- 
blende and  felspar  lie  in  irregular  folia.  There  are  many  grada- 
tions between  the  ordinary  diorite  and  a  gneiss  in  which  there  ha8 
been  some  reconstitution  of  the  minerals,  the  formation  of  quartz 
being  the  most  conspicuous  result.  The  coarse-black  diorite,  at 
North  Malvern,  is  one  variety  which  has  been  modified  into  gneiss. 
For  about  two  thirds  of  the  breadth,  the  intrusion  of  the  vein  was 
clearly  seen ;  then,  for  a  few  inches,  the  two  kinds  of  diorite  were 
confasedly  mingled.  The  remainder  of  the  breadth,  consbting  only 
of  the  coarser  diorite,  was  rudely  foliated. 

Mica-^fneis8,  formed  from  Granite. — Near  the  southern  end  of 
Swinyard's  Hill,  on  the  crest  of  the  ridge,  is  a  very  interesting 
case  of  the  formation  of  gneiss  by  crushing.  A  narrow  band, 
striking  across  the  axis,  has  the  appearance  of  the  ordinary  binary 
granite ;  but  a  laminated  structure  is  very  apparent  even  in  the 
field.  In  immediate  contact,  forming  part  of  the  same  mass,  the 
rock  is  flaggy,  and  seams  of  mica  appear.  Then  comes  a  break,  but 
finggy  schists  of  the  same  general  type  appear  in  force  a  few 
hundred  yards  to  the  north.  A  description  of  microscopic  slides 
will  bring  out  the  transition  indicated. 

No.  281.  This  was  taken  as  a  typical  specimen  of  the  granite 
which  is  seen  in  mass  at  the  northern  part  of  the  hill.  It  is  the 
ordinary  compound  of  orthoclase  and  quartz,  with  a  little  mica. 
Most  of  the  felspar  is  sufliised  with  a  brownish  tinge,  probably  iron- 
oxide,  and  presents  a  cloudy  appearance.  Many  of  the  crj^stals 
also  contain  patches  or  microliths  of  clear  mica,  polarizing  in 
brilliant  colours.  The  felspar  has  therefore  undergone  partial 
decomposition.  That  this  granite  contains  iron  would  appear  from 
the  analysis  of  the  Rev.  J.  H.  Timins*.  He  states  that  the 
'*  quartzo-fclspathic  "  veins,  which  are  almost  certainly  the  granite 
I  am  discussing,  furnished  in  three  analyses  iron-oxide  varying 
between  *92  and  1*52  per  cent.  Both  quartz  and  felspar  are  some- 
what cracked,  and  iron-oxide  is  deposited  in  the  cracks. 

Nos.  282-284. — From  the  locality  at  the  southern  end  of  the  hill. 

No.  282.  From  a  part  of  the  laminated  granite  which  appears 
more  granitoid  than  the  rest.  The  rock  is  excessively  cracked  and 
crushed,  the  cracks,  which  run  in  all  directions,  but  predominantly 
*  Quart.  Jouni.  GeoL  8oc  vol.  xxiii.  p.  362. 
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with  the  parallel  strncture,  being  filled  with  either  iron-oxide  or 
mica.  The  quartz  lies  in  wedges  rather  than  folia.  They  are 
approximately  parallel,  roughly  lenticular  in  section,  and  rarely 
continuous  across  the  slide.  Sometimes  lines  of  quartz-grains  curve 
round  the  felspars.  In  one  part  of  the  field  an  angular  bit  of 
quartz  \a  immersed  in  a  confused  mass  of  quartz  and  felspar  in 
granules.  The  parallelism  of  the  quartz  seems  at  some  points  to  be 
determined  by  cracks,  which  are  occupied  by  infiltrated  products. 

The  felspar  has  the  brown  cloudiness  of  the  uncrushed  granite. 
It  is  very  much  cracked,  and  where  crystals  are  defined  they  are 
rather  fiattened,  and  often  tail  out  to  a  point  on  each  side,  so  as  to 
resemble  a  human  eye  in  shape.  Some  of  the  felspar,  forming  bands 
of  small  crystalline  grains  between  the  quartz  folia,  is  very  dirty. 

Mica  is  very  small  in  quantity.  It  occurs  in  some  of  the  narrow 
cracks  in  quartz,  and  in  some  of  the  felspar,  and  rarely  it  forms  a 
sort  of  sheath  to  the  attenuated  ends  of  the  eye-shaped  crystals. 

No.  283.  Prom  the  same  piece  as  the  last,  within  a  few  inches 
of  it,  but  showing  such  dear  lamination  that  it  caught  my  eye 
at  a  distance.  Under  the  microscope  it  is  much  more  Uke  a  gneiss. 
The  field  is  clearer,  and  there  is  much  less  cracking  of  the  minerals. 
The  folia  of  quartz  are  longer,  thinner,  and  more  uniform  in 
thickness.  In  a  few  parts  the  quartz  is  traversed  by  longitudinal 
cracks,  but  their  mode  of  origin  is  less  evident.  Most  of  the  felspar 
is  in  regular  folia  of  small  crystalline  grains,  but  there  still  remain 
a  few  of  the  larger  felspars  with  rounded  and  irregular  outlines. 
Some  distinct  folia  of  mica  now  make  their  appearance  amongst 
the  felspar,  but  the  quantity  is  still  small.  There  has  evidently 
been  much  reconstruction  of  the  minerals  in  this  slide. 

No.  284.  Part  of  the  same  block,  but  with  the  flaggy  structure, 
and  showing  in  the  field  dark  seams  of  mica.  The  quartz-folia  are 
still  longer  than  in  No.  283  and  more  regular  in  thickness.  In 
some  spots  a  thin  folium  bends  out  of  its  course  round  a  crystal  of 
felspar.  The  felspar  is  similar  to  the  last.  Seams  of  small  granules 
of  this  mineral  also  are  seen  to  curve  out  of  the  straight  line  round 
large  crystals.  The  notable  difference  between  this  and  all  the 
preceding  slides  is  in  the  much  greater  proportion  of  mica.  It 
often  occurs  in  regular  folia  between  the  quartz.  Sometimes  it  forms 
a  complete  sheath  to  an  eye-shaped  felspar-crystal.  In  one  place  a 
felspar  has  been  cracked  obliquely  across,  and  the  crack  is  filled  in 
with  mica.  Thus  each  half  of  the  crystal  forms  an  almond-shaped 
"  eye,"  with  its  fringe  of  mica.  There  can  be  no  question  that  this 
mica,  which  b  the  same  in  all  the  set  of  slides,  has  been  formed 
out  of  the  felspar. 

No.  286.  From  the  flaggy  schista  to  the  north  of  the  last.  The 
structure  of  the  rock  strongly  suggests  a  similar  origin.  There  is 
more  quartz,  which  here  and  there  looks  as  if  the  lines  separating 
its  folia  had  originally  been  cracks.  Several  cracks  also  cut  across 
the  foliation,  and  these  are  filled  in  with  mineral  matter,  which  in 
one  spot  is  seen  to  be  optically  continuous  with  a  regular  folium. 
At  another  point  an  elongated  granule  of  quartz,  forming  part  of 
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a  folium,  passes  across  a  transrerse  crack  which  therefore  must 
be  older  than  the  folium,  and  presumably  older  than  the  general 
foliation  in  its  completed  state.  Where  a  transverse  crack  passes 
through  quartz,  it  sometimes  vanishes  for  a  little  distance, 
reappearing  further  on,  so  that  it  is  clear  that  the  sides  of  the  crack 
have  come  together  and  become  welded*  The  occurrence  of  these 
transverse  cracks,  and  their  evident  connexion  with  the  process  of 
metamorphism,  is  a  piece  of  evidence  which  tends  strongly  to 
confirm  the  suggestions  made  by  the  structure  of  the  folia. 

Mtoa-BckUt^  formed  from  FeUite, — A   very   interesting  section 
(fig.  2),  about  30  feet  in  length,  is  seen  in  the  slope  at  the  end  of  the 

Fig.  2.^Pas8age  of  Fehite  into  Schist 


1.  Crushed  Felsite.  2.  Schistose  Felsite,  3.  Schists. 

south-eastern  spur  of  the  Eaggedstone  Hill.    Taken  in  descending 
order,  the  following  are  the  rocks  observed  : — 

1.  Pale-reddish  felsite,  so  jointed  and  crushed  that  it  was  difficult 
to  obtain  a  piece  large  enough  for  a  microscopic  slide,  and  the 
specimen  selected  broke  into  iragmenta  in  griuding.  This  rock 
forms  a  band,  striking  across  the  ridge  in  concordance  with  the 
foliation  of  the  underlying  schists.  Under  the  microscope  the  rock 
is  seen  to  be  entirely  devitrified,  and  the  microcrystalline  structTire 
of  a  typical  felsite  is  very  apparent.  Even  minute  fragments, 
which  have  remained  entire  in  grinding,  are  brecciated.  The  cracks 
are  usually  marked  by  iron- oxide,  and,  occasionally,  when  wider 
than  usual,  are  filled  by  quartz  or  by  mica.  There  is  a  rough 
parallelism  in  the  structure,  and  this  incipient  foliation  is  some- 
times accentuated  by  a  little  mica. 

2.  A  few  feet  below  the  last,  and  separated  from  it  by  soiL 
The  rook  is  still  felsite,  much  sounder  under  the  hammer  than 
No.  1.  Microscopically  examined,  the  field  is  seen  to  be  clearer, 
the  parallel  structure  is  more  distinct,  and  there  is  a  lai^er  pro- 
portion of  mica.  This  rook  has  evidently  been  porphyritic,  for 
there  are  several  deformed  masses  of  quartz  on  the  slide.  One  of 
these  is  eye-shaped,  and  tails  out  at  each  end  in  a  stream  of  minute 
granules. 
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3.  Abont  15  feet  of  schistose  rock,  forming  a  band  below  No.  2, 
but  continuous  with  it.  Borne  of  it  is  hardly  distinguishable  from. 
the  rock  above,  but  the  laminated  structure  is  more  evident.  In 
other  seams  the  foliated  appearance  is  more  marked,  and  a  complete 
gradation  can  be  traced  between  the  modified  felsite  and  a  true 
schist.  The  change  is  seen  even  on  the  ground  in  the  increasing 
distinctness  of  the  lamination  proceeding  pari  passu  with  the 
growing  thickness  of  the  films  of  mica  on  the  planes  of  fissility. 
These  indications  are  entirely  confirmed  by  the  microscope.  The 
following  gradation  is  seen  in  three  specimens  t^aken  from  the  same 
band,  within  a  yard  or  so  from  each  other. 

No.  294.  Felsitic  appearance  in  hand  specimens,  but  slightly 
laminated.  Under  the  microscope  the  parallel  structiure  is  seen  to  be 
due  to  intermittent  folia  of  a  green  mica,  in  irregular  bundles  of 
fibres  and  sometimes  dirty.  This  part  of  the  rock  also  must  have 
been  a  porphyry,  for  the  slide  shows  several  eye-shaped  masses  of 
crushed  quartz  which  have  caused  the  folia  of  mica  to  curve  out  of 
their  course,  forming,  as  it  were,  eyebrows  to  the  quartz,  both  above 
and  below,  just  as  in  the  crushed  granite  described  above  (p.  529). 
Some  parts  of  the  slide  display  the  felsitic  structure,  as  above  ;  but 
where  the  mica  is  most  abundant  the  granules  of  the  ground-mass 
are  often  of  larger  size  and  polarize  in  bright  colours.  Mineral 
differentiation  would  thus  appear  to  have  proceeded  a  stage  further. 

No.  295.  The  change  in  the  felsite  is  more  advanced.  The  rock 
chiefly  consists  of  elongated  granules  of  quartz  arranged  in  a  linear 
manner,  with  mica  lying  between  them  in  microliths,  so  as  some- 
times to  form  a  partial  sheath.  Some  of  this  mica  is  transparent, 
polarizing  in  bright  colours.  Patches  of  the  same  mica  and  some 
felspar  are  also  present.  Distinct  seams  of  mica  and  felspar,  parallel 
to  the  longer  axes  of  the  quartz-grains,  accentuate  the  foliation. 

No.  296  is  generally  similar  to  the  last.  In  about  the  middle  of 
the  slide  is  a  very  quartzose  seam,  in  which  the  grains  are  much 
larger  than  in  the  previous  specimens.  It  is  not  a  vein,  but  a  true 
folium,  parallel  to  the  rest.  It  passes  by  the  gradual  introduction 
of  mica  into  a  broad,  very  micaceous  band,  which  graduates  in- 
sensibly into  a  zone  displaying  a  structure  strongly  suggestive  of  the 
micro-felsite,  but  a  few  microliths  of  clear  mica  are  present.  Some 
parts  of  the  hand-specimen  also  have  a  very  felsitic  look  under  the 
lens. 

No.  299  is  ftom  one  of  the  several  narrow  micaceous  bands  inter- 
laminated  with  the  more  quartzose  schist.  It  is  an  indubitable 
mica-schist.  The  mica  is  the  white  variety.  It  forms  about  half 
the  mass,  a  great  part  of  it  being  in  distinct  folia,  which  sometimes 
undulate.  Some  of  the  quartz  has  the  same  appearance  as  in  Nos. 
295,  296,  the  granules  being  more  or  less  sheathed  with  mica.  A 
few  lenticular  "  eyes  *'  of  quartz  are  rather  suggestive  of  the  crushing 
^f  a  porphyry ;  but  on  this  I  do  not  speak  decisively.  I  am  quite 
satisfied,  firom  a  very  careful  study  on  the  ground,  that  these 
micaceous  seams  cannot  be  regarded  as  foreign  fragments  of  schist 
.entangled  in  the  crushed  felsite. 
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These  modified  felsites,  now  Bchists,  fomi  a  low  vertical  cliff,  30 
or  40  yards  long,  in  which  the  rock  is  continnously  exposed.  I 
worked  along  the  strike  to  the  western  end  and  found  similar 
schists,  some  of  them  highly  qaartzose,  passing  occasionally  into  a 
material  like  a  quartzite,  and  into  felsitic  rock  like  the  first  named. 
The  different  varieties  were  not  always  interhanded,  but  often  passed 
into  each  other  with  some  irregularity.  That  they  all  belong  to  the 
same  mass  I  have  no  doubt.  The  rapid  variations  in  the  metamor- 
phism  agree  with  the  sudden  changes  noticed  in  the  crushed  granite. 
A  specimen  of  one  of  the  quartzose  varieties,  almost  like  a  quartzite, 
was  examined  microscopically.  In  structure  it  is  intermediate 
between  a  quart^te  and  a  quartz- schist.  There  is  very  little  orien- 
tation in  the  quartz,  which  is  frequently  in  large  granules.  Mica  is 
in  small  proportion.  Much  of  it  is  in  clear  microliths,  which 
occasionally  form  a  partial  sheath  to  the  quartz-granules,  as  in  the 
other  schists  of  the  locality,  but  more  frequently  they  have  a  rough 
orientation  in  one  direction ;  occasionally  they  accumulate  into 
imperfect  folia.  Parallel  with  this  foliation  are  several  cracks^ 
which  are  more  or  less  filled  in  with  mica  and  iron-oxide.  Some,  if 
not  most,  of  the  mica  in  the  cracks  is  the  same  white  variety  which 
prevails  throughout  the  slide.  This  parallel  cracking,  coincident 
with  the  foliation,  is  another  interesting  analogy  between  this  schist 
and  the  crushed  granite,  and  is  of  course  suggestive  of  similarity  of 
causation. 

B.  Injection-Schiats,  or  those  in  which  the  Banded  Structure  is 
due  to  the  Parallelism  of  Intrusive  Veins, 

Two  varieties  of  this  rock  are  here  described. 

Duplex  IHorite-gneiss,  formed  from  veins  of  Diorite  in  Diorite, — 

This  fine-banded  rock  is  common  in  one  of  the  quarries  at  North 
Malvern.  Parallel  seams  of  grey  granitoid  diorite  (No.  3)  are 
enclosed  in  a  black  variety  (probably  No.  1).  The  differences 
between  the  ordinary  diorites  and  their  gneissic  representatives  cer- 
tainly do  not  militate  against  my  theory  of  the  origin  of  the  latter^ 
The  following  points  may  be  noted  : — 

In  the  massive  black  diorite  there  is  some  epidote  and  chlorite  and 
a  little  green  biotite,  but  in  the  gneiss  there  is  a  much  larger  pro- 
portion of  biotite,  and  most  of  it  has  a  definite  orientation  parallel 
to  the  direction  of  the  adjacent  vein.  Some  haematite  also,  which 
is  in  lath-shaped  forms,  is  similarly  orientated.  The  felspar  of  the 
ordinary  diorite  is  cloudy,  rarely  showing  plagiodase-twinning,  and 
contains  numerous  clear  microUths.  In  die  gneiss  the  felspar  of 
this  diorite  is  rather  clearer  and  sometimes  displays  striping. 
Comparing  the  unfoliated  grey  diorite  with  the  grey  variety  in  the 
gneiss,  there  is  no  material  difference  observable.  The  crystalli- 
zation of  the  latter  is  larger,  but  in  both  cases  the  felspar  is  pre- 
dominantly plagioclastic,  and  the  proportions  of  hornblende,  biotite^ 
epidote,  and  quartz  are  about  the  same. 

Owing  to  the  want  of  continuous  sections,  I  was  unable  to  trace 
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an  actual  passage  between  the  massive  and  the  foliated  diorites ;  but 
if  the  former  were  diorites,  so  were  the  latter,  and  I  submit  that 
there  is  nothing  in  the  parallelism  of  the  veining  inconsistent  with 
the  theory  of  an  igneous  origin.  But  the  description  of  the  next 
variety  of  gneiss  will  throw  additional  light  upon  this  question. 

Oranite-diorite-gneisSj  formed  from  veins  of  Granite  in  Diorite. — 
This  is  the  most  conspicuous  gneiss  in  the  Malvern  Hills.  The 
gneiss  itself  and  the  rocks  out  of  which  it  is  constructed  constitute 
about  one  half  of  the  entire  mass  of  the  range.  The  diorite  is  black 
and  of  medium  grain  (No.  1).  The  production  of  the  banded  struc- 
ture is  well  seen  in  the  long  ridge  extending  between  the  Wych  and 
the  Wind's  Point.  At  the  western  quarry  on  the  south  side  of  the 
Wych  there  is  a  mass  of  the  diorite  with  granite  veins.  It  appears 
to  pass  into  the  gneiss  of  which  the  section  chiefly  consists,  but 
junctions  are  obscured  by  d^ris.  Similar  rocks,  in  which  there  is 
the  like  association  of  massive  and  foliated  mixtures  of  the  diorite 
and  the  granite,  are  seen  at  intervals  along  the  crest  of  the  ridge  to 
the  south.  At  the  top  of  the  third  summit  the  relations  of  the 
rocks  are  well  seen.  At  one  spot  the  granite  is  intrusive  in  the 
ordinary  irr^^lar  veins,  but  it  passes  rather  abruptly  on  the  north 
into  a  rock  in  which  the  veins  strike  in  a  definite  direction  to  the 
north-west,  producing  the  banded  structure  of  a  gneiss.  This  rock 
is  also  well  exposed  about  the  Wind's  Point. 

The  granite-seams  in  the  gneiss  vary  considerably  in  thickness.. 
Sometimes  they  are  continuous  for  yards,  but  frequently  they  are 
lenticular  in  section.  They  often  behave  like  veins  in  their  rapid 
attenuation  and  in  their  branching  habit.  Their  parallelism  is  by 
no  means  uniform,  as  they  sometimes  pass  obliquely  across  the  inter- 
banded  diorite.  Comparing  microscopic  specimens  of  this  gneiss 
with  slides  from  the  unfoliated  vein-structures  in  the  Wych  quarry, 
I  do  not  hesitate  to  say  that  it  would  be  impossible  to  determine 
which  was  gneiss  and  which  was  vein-structure.  In  both  cases 
there  is  some  epidote  and  chlorite  produced  in  the  diorite  at  the 
junction  of  the  granite,  and  for  a  little  distance  from  it,  while  the 
granite  is  slightly  cracked. 

This  banded  gneiss  is,  then,  a  binary  mixture  of  igneous  rocks,  in 
which  regional  pressure  has  produced  a  parallelism  of  the  granite- 
veins. 

4.  Generax  Eemabks. 

As  this  paper  is  strictly  introductory,  the  evidence  offered  is  in- 
complete ;  but  it  will  perhaps  suffice  to  prove  that  some  of  the 
Malvern  schists  are  produced  out  of  igneous  rocks,  and  to  create  a 
presumption  in  favour  of  a  similar  origin  for  other  varieties. 

In  the  formation  of  some  of  the  schists,  the  chemical  and  mineral 
changes  have  been  very  great;  but  into  this  division  of  my  subject  I 
have  barely  entered  in  the  present  communication. 

Association  of  the  Qneissic  Bocks  with  the  Igneous  masses, — It  is 
generally  true  that  particular  varieties  of  gneiss  and  schist  occur  in 
the  vicinity  of  the  igneous  masses  to  which  they  are  respectively 
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most  Dearly  related  ia  mineral  composition.     A  few  examples  are 
here  given. 

In  the  North  Hill  we  have  large  masses  of  several  kinds  of  diorite 
penetrating  each  other  in  veins,  and  it  is  in  this  locality  that  we 
find  the  diorite-gneisses,  simple  and  duplex. 

North  of  the  Wych  the  above-named  diorites  are  intermixed  with 
granite,  and  here  we  have  a  variety  of  gneissic  rocks  of  more  com* 
plex  structure. 

Between  the  Wych  and  Swinyard's  Hill  there  is  little  besides  black 
diorite  and  granite,  and  here  we  chiefly  find  the  banded  granite- 
diorite-gneiss. 

Swinyard's  Hill  consists  largely  of  granite,  and  it  is  in  this  ridge 
that  the  flaggy  quartzo-felspathic  schists  occur. 

In  Midsummer  Hill  there  are  masses  of  coarse  diorite,  and  the 
gneissic  rocks  in  association  with  them  are  certainly  more  allied  in. 
mineral  composition  with  this  diorite  than  with  any  other  igneous 
rock  of  the  region. 

Kaggedstone  Hill  contains  schists  widely  differing  from  any  of 
the  above,  and  here  the  associated  igneous  rocks  are  felsite. 

These  associations  cannot  be  due  to  accident,  and  even  if  no  direct 
proof  of  actual  conversion  could  be  offered,  they  would  be  of  weight 
in  the  argument. 

Absence  of  Stratijicati(m, — ^Except*  perhaps  in  the  Kaggedstone 
Hill,  I  could  detect  no  true  bedding  in  the  crystallines  of  the 
Malvern  Hills.  The  zones  of  igneous  and  foliated  rock,  though 
they  have  a  predominantly  north-west  strike,  behave  more  like  veins 
than  strata.  Where  a  sufficieDtly  large  surface  is  exposed  in  plan, 
we  find  the  bands,  whether  massive  or  schistose,  rapidly  thin  out. 
For  example,  on  the  crest  of  the  ridge  about  half  a  mile  north  of  the 
Wych  the  attenuation  is  usually  from  east  to  west.  Pig.  3  shows  a 
part  of  one  of  the  exposures  in  this  locality. 

Age  of  tlu  Bock. — I  see  no  reason  to  doubt  the  received  views  as 
to  the  age  of  the  greater  part  of  these  rocks.  At  the  south-western 
extremity  of  the  Kaggedstone  Hill,  the  HoUybush  Sandstone  rests 
at  a  low  angle  upon  the  edges  of  nearly  vertical  schists.  The  old 
rocks  of  the  Salopian  district  afford  confirmatory  evidence.  The 
Uriconian  conglomerate  of  Charlton  Hill  contains  several  varieties  of 
plutonic  rocks,  most  of  which  can  be  matched  in  the  Malvems,  and 
these  Uriconians  are  themselves  older  than  the  Longmynd  series  t. 
It  is  possible  that  the  felsites  and  the  schists  formed  from  them  are 
of  a  younger  epoch. 

Period  of  Metamorphism, — The  most  effective  pressures  may  have 
acted  at  more  than  one  period ;  but  there  is  no  doubt  that  the  meta- 
morphism was  substantially  complete  before  Cambrian  times,  since 
it  is  incredible  that  a  force  producing  a  strike  transverse  to  the 
ridge  could  have  acted  without  dislocating  the  strike  of  the  fianking 
Cambrian  and  Silurian  strata. 

*  After  further  research  I  think  it  no  longer  necessary  to  make  even  this 
alight  reservation. — C.  0.,  July  20th. 

t  Quart.  Joum.  Geol.  Soc.  yol.  xlii.  p.  481. 
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Schutosity,  wheUier  produced  hrfore  or  after  Consolidation,— T\i& 
-eyidence  I  have  submitted  points  towards  the  latter  altemative.  In 
Bome  of  the  diorites  of  the  North  Hill  we  have  seen  that  the  in- 
trosive  veins  passed  along  planes  of  jointing  and  contained  fragments 
of  the  enclosing  rock,  as  in  Galway.  Then,  too,  the  schists  formed 
from  the  granite  and  the  felsite  are  the  effect  of  crushing.  I  prefer, 
however,  to  postpone  the  more  adequate  discussion  of  this  question* 


Fig.  3. — Flan  of  Vein-structure  in  Schistose  Bocks. 


A.  Coarse  granitoid  rock  with  biotite. 

B.  Bands  oompoeed  of  granite-yeins,  with  seams  of  dark  mica  and  of  coarse 

rock  (A)  foUated. 

C.  A  Tein  macroscopioally  like  a  fine-grained  diorite.    Under  the  microscope  it 

is  seen  to  consist  of  hornblende,  two  micas,  epidote,  and  quartz,  and  has  a 
rude  foliation  in  a  specimen  taken  at  the  margin. 

D.  Black  schist,  chiefly  mica,  penetrated  by  small  granite-yeins. 


5.  SuHMABY. 

1.  Many  of  the  gneissic  and  schistose  rocks  of  the  Malvern  Hills 
were  form  ed  out  of  igneous  m asses  and  veins.  Amongst  the  materials 
which  underwent  the  metamorphism  were  several  varieties  of  diorite, 
a  granite,  and  a  felsite. 

2.  The  parallel  structure  has  been  caused  by  regional  pressure. 
This  conclusion  is  proved  by  the  intense  contortion  of  granite-veins, 
and  by  the  mechanical  effects  recognized  in  the  rocks  under  the 
microscope. 

3.  The  products  of  the  metamorphism  are  divided  into  (1)  Simple 
and  (2)  Injection-schists,  the  former  elaborated  out  of  one  kind  of 
rock,  the  latter  out  of  at  least  two  kinds,  one  being  intrusive  in  the 
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other.  The  Simple  Schists  described  are  hornbleDde-gneiss,  formed 
from  diorite,  mica-gneiss  from  granite,  and  mica-schist  from  felsite. 
The  Injection-schists  noticed  were  duplex  diorite-gneiss,  composed 
of  veins  of  diorite  in  diorite,  and  granite-diorite-gueiss,  of  veins  of 
granite  in  diorite. 

In  conclusion  it  was  observed  that : — 

(1)  Particolar  varieties  of  gneiss  and  schist  generally  occurred  in 
the  vicinity  of  the  igneous  masses  to  which  they  were  most  nearly 
related  in  mineral  composition. 

(2)  No  true  stratification  was  detected,  the  bands  of  igneous  and 
of  foliated  rocks  thinning  out  rapidly,  in  the  manner  of  veins. 

(3)  The  received  view  of  the  age  of  the  greater  part  of  the  rocks 
was  not  affected  by  the  conclusions  of  the  Author. 

(4)  The  chief  metamorphism  was  completed  before  the  Cambrian 
epoch. 

(5)  Some,  at  least,  of  the  schistosity  had  been  caused  subsequent 
to  consolidation. 

(For  the  Discussion  on  this  paper,  see  p.  514.) 
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58.  On  the  "ELemaisb  of  Fishes  from  the  EEtrPSB  of  WAEWicac  and 

NoTmreHAM.    By  E.  T.  Newtoh,  Esq.,  F.G.8.    With  Notes  on 

their  Mode  of  Oocubbbkce,  by  the  Rev.  P.  B.  Bbobie,  M.A., 

F.G.S.,  and  Edw.  Wilson,  Esq.,  F.G.S.    (Bead  May  25, 1887.) 

[Platb  XXIL] 

At  the  meeting  of  the  British  Association  which  took  place  last 
September,  at  Birmingham,  the  Bev.  P.  B.  Brodie  called  attention 
to  some  specimens  of  fishes  which  he  had  obtained  from  the  Upper 
Kenper  of  Shrewley.  The  specimens,  which  he  has  kindly  sent  to 
me  for  examination,  are,  unfortunately,  very  fragmentary,  but  still 
many  of  their  characters  can  be  deciphered;  and  seeing  that 
Ganoid  fish-remains  from  these  deposits  are  of  such  rare  occurrence, 
it  is  very  desirable  to  place  on  record  any  fresh  evidence  which 
may  be  brought  to  light.  Portions  of  seven  specimens  have  been 
found,  the  best  preserved  (PI.  XXII.  fig.  1)  showing  the  left  side  of 
the  body,  minus  the  head  and  nearly  the  whole  of  the  tail,  but  with 
parts  of  the  dorsal,  pectoral,  ventral,  and  anal  fins  preserved  in  sitUj 
with  one  or  two  rays  of  the  tail-fin.  In  its  present  condition  the 
specimen  measures  one  inch  and  a  half  in  length. 

The  second  specimen  (fig.  2)  seen:is  to  include  the  whole  of  a  fish  ; 
but  it  is  so  curved  round,  twisted,  and  crushed,  that  its  form  is 
well-nigh  obliterated.  When  perfect,  it  probably  measured  two 
inches  and  a  half  in  length.  The  large  fiilcra  of  the  tail-fin  are 
well  seen  from  above;  but  with  the  exception  of  one  or  two 
plates,  probably  belonging  to  the  head,  little  of  the  structure  can 
be  made  out. 

The  third  specimen  (fig.  3)  appears  to  be  a  head  with  the  right 
pectoral  fin  and  a  portion  of  the  body ;  but  none  of  the  bones  of 
the  head  are  preserved,  and  there  is  merely  an  outline  in  the  form 
of  a  head  in  front  of  the  pectoral  arch.  Two  other  fins  are  pre- 
served on  this  block  of  stone,  but  they  seem  to  be  parts  of  another 
fish.  The  fourth  specimen  is  a  portion  of  a  body  with  the  ventral 
fin  (fig.  4)  preserved. 

The  fifth  and  sixth  specimens  (figs.  5,  6)  are  portions  of  tails. 
The  seventh  specimen,  now  in  the  British  Museum,  is  a  body  with 
perhaps  a  fragment  of  the  head,  but  without  any  tail  or  fins.  The 
scales,  in  the  middle  of  the  side,  have  their  hinder  margins  denticu- 
lated (fig.  7). 

So  far  as  preserved,  these  specimens  are  much  alike,  and  there  is 
nothing  to  lead  to  the  supposition  that  they  belong  to  more  than 
one  species.  Judging  from  the  best  specimen  (fig.  1)  the  body  is 
comparatively  deep,  its  entire  length,  when  perfect,  being  only 
about  two  and  a  half  times  the  depth.  At  the  front  part  of  this 
specimen  there  is  a  curved  fragment,  which  seems  to  be  part  of  the 
pectoral  arch,  and  a  little  behind  this  there  are  traces  of  the 
pectoral  fin.  The  form  of  this  fin,  however,  is  better  shown  in 
another  specimen  (fig.  3).  If  the  lower  margin  of  this  specimen 
(fig.  1)  be  divided  into  three  equal  parts,  then  at  the  junction  of 
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the  first  and  second  thirds  will  be  the  attachment  of  the  ventral  fin ; 
and  at  the  point  between  the  middle  and  hinder  thirds  the  banning 
of  the  anal  fin.  The  form  of  the  ventral  fin  is  best  shown  by  speci- 
men number  four  (PI.  XXII.  fig.  4).  The  pectoral,  ventral,  and  anal 
fins  are  of  moderate  size ;  but  the  single  dorsal  fin  is  large,  with  strong 
and  seemingly  articulated  rays,  while  its  anterior  border  is  provided 
with  well-developed  falcral  scales.  This  fin  begins  nearly  opposite 
the  ventral  fin,  and  seems  to  have  extended  backwards  almost  to 
the  anal  fin ;  but  the  hinder  part  being  broken  away,  its  exact 
extent  cannot  now  be  seen.  Several  ridges  and  grooves  extending 
downwards  from  the  dorsal  fin  indicate  the  presence  of  strong 
interspinoufl  bones.  The  tail-fin  is  not  preserved  in  number  one 
(fig.  1);  but  the  fragments  of  tails  (figs.  5,  6)  show  that  the 
upper  lobe  was  larger  and  stronger  than  the  lower,  and  had  its 
upper  margin  furnished  with  particularly  large  fiilcra  (see  also 
fig.  2),  and  its  sides  covered  with  elongated  spindle-shaped  scales. 
The  sides  of  the  body  are  covered  with  comparatively  strong, 
shining,  rhomboidal  scales,  which  in  the  middle  region  are  large 
and  from  two  to  three  times  as  long  from  above  downwards  aa 
they  are  from  back  to  front.  Towards  the  tail,  as  well  as  above 
and  below,  the  scales  become  smaller  and  nearly  equal-sided.  The 
surface  of  the  scales  is  smooth  and  shining ;  but  on  some  of  them, 
especially  towards  the  tail,  two  or  three  indistinct  oblique  ridges 
run  from  front  to  back.  In  the  first  specimen  (hg.  1)  the  hinder 
border  of  the  scales  is  imperfect,  and  it  is  not  clear  whether  this 
was  smooth  or  denticulate ;  but  specimen  number  seven  has  some 
at  least  of  the  body-scales  finely  denticulate  (fig.  7).  One  of  the 
tails  (fig.  6)  also  shows  that  in  some  of  the  scales  the  indistinct 
ridges  end  in  points  on  the  hinder  margin. 

Unfortunately  none  of  the  specimens  give  any  clear  information 
as  to  the  form  of  the  head,  or  of  any  of  its  bones  or  plates.  The 
restored  outline  of  figure  1  is  hypothetical,  and  is  merely  added  to 
give  a  better  idea  of  the  position  of  the  parts  preserved.  In  the 
position  where  the  bones  of  the  head  might  be  expected  (figs.  2  and  3) 
there  are  only  indistinct  traces,  which  may  be  bones  partially 
dissolved,  and  these  appear  granular  on  account  of  the  sandy 
matrix  beneath.  Specimen  number  2  shows  what  seems  to  be  a 
comparatively  large  conical  tooth  near  the  end  of  the  snout  (fig.  2,a), 
In  the  opercular  region  there  is  a  broad  plate  (b)  with  two 
tooth-like  prominences  at  its  hinder  border,  which  may  be  one  of 
the  opercular  bones  ;  and  a  strongly  striated  plate  (c)  seen  a  little 
further  back  will  probably  bear  a  Uke  interpretation.  The  seventh 
specimen  also  shows  a  similar  striated  plate. 

The  only  ganoid  fishes  which  have  been  described  from  British 
Triassic  strata  are  the  unique  specimen  of  Diptenmotus  cirphuSy 
from  the  Bunter  of  Bromsgrove,  described  by  the  late  Sir  Philip 
Egerton  *,  and  the  Falceoniscus  superstfs,  also  described  by  the  same 
author  t,  from  a  specimen  found  by  Mr.  Brodie  at  Bowington,  in 

*  Quart.  Joum.  Geol.  Soc.  toL  x.  p.  367  (1864). 
tiWa.Tol.xiv.  p.  164(1857). 
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beds  of  ihe  same  Upper  Xenper  age  as  those  which  have  now 
yielded  the  specimens  above  described.  To  neither  of  these  Triassic 
fishes  can  the  Shrewley  specimens  be  referred.  In  the  form  and 
position  of  the  fins  the  Shrewley  specimens  agree  with  Semianotus ; 
but  with  such  imperfect  material,  more  especially  the  absence  of 
information  as  to  the  nature  of  the  head,  the  generic  affinities  of 
this  fish  must  be  uncertain,  and  I  am  unable  to  find  any  described 
species  with  which  it  will  agree.  Amongst  the  forms  described  by 
Agassiz,  Semionotus  striattu,  from  the  Lias^of  Seefeld  *,  is  perhaps  the 
nearest  to  our  fossil ;  but  besides  being  much  larger,  this  has  sdl  the 
scales  of  a  more  uniform  size.  In  tibis  latter  particular  S.  NiU- 
sonif  is  more  like,  but  in  other  respects  it  is  even  further  removed 
from,  our  specimens.  Sir  Philip  Egerton  described  three  species 
of  SemioTiottis  from  beds,  said  to  be  of  liassic  age,  at  Castella- 
mare  t ;  hut  the  descriptions  of  these  are  sufficient  to  show 
that  they  are  not  the  same  as  the  Shrewley  Triassic  fishes. 

If  it  should  be  thought  desirable  to  have  a  name  for  such  rare 
British  fossils,  it  is  suggested  that  the  species  be  called  after  its 
discoverer,  Semionotus  Brodiei, 

Mr.  E.  Wilson,  at  the  British  Association  Meeting  at  Tork§, 
called  attention  to  the  discovery  of  fossil  fishes  in  Eeuper  beds  at 
Nottingham.  In  the  abstract  of  this  paper  it  is  said  that  "  The 
specimens  he  obtained  have  been  examined  by  several  competent 
authorities ;  but,  unfortunately,  their  state  of  preservation  is  so  bad 
that  nothing  certain  can  be  made  out  as  to  their  precise  zoological 
affinities.  Dr.  Traquair,  however,  believes  that  they  probably 
belong  to  some  species,  new  or  old,  of  the  genus  Semionotus."  No 
further  account  seems  to  have  been  published ;  but  Mr.  Wilson  has 
been  good  enough  to  let  me  see  these  specimens.  A  few  of  his 
best  examples  were  presented  to  the  Nottingham  University  College 
Museum ;  and  through  the  courtesy  of  the  museum  authorities  and 
of  the  Curator,  Mr.  J.  W.  Carr,  I  have  had  the  opportunity  of 
examining  these  also.  The  number  of  fishes  in  this  deposit  must 
have  been  very  great,  as  will  be  gathered  from  the  notes  by 
Mr.  Wilson  (p.  542).  Many  of  these  have  the  scales  well  preserved ; 
but  unfortunately  none  give  any  satisfactory  clue  to  the  form  of  the 
body.  One  of  the  most  perfect  is  on  a  small  slab  belonging  to  the 
Nottingham  Museum^  and  is  marked  No.  1.  In  size,  as  in  other 
respects,  this  agrees  fairly  well  with  the  Shrewley  fishes;  it  is 
lying  partly  on  its  back,  so  as  to  show  both  the  ventral  fins  and 
above  them  the  dorsal  fin ;  the  tail  is  twisted  round,  so  that  its 
upper  border  is  now  turned  downwards.  The  position  of  the  head 
is  indicated  by  some  irregular  bony  plates ;  but  its  form  is  uncertain. 
The  moderately  heterocercal  tail  and  the  position  of  the  dorsal  and 
ventral  fins  agree  with  Semionotus^  and  possibly  the  fish  may  belong 
to  the  same  species  as  those  discovered  by  the  Rev.  P.  B.  Brodie. 
The  dorsal  fin-rays  which  are  preserved  are  entire  and  not  articu- 
lated, as  in  the  Shrewley  specimen ;  it  may  be,  however,  that  these 

♦  *  Foisaoiis  Foesiles/  vol.  ii.  p.  231.  t  Loo.  cit.  p.  229. 

X  Ppoo.  GeoL  Soc.  vol.  iv.  p.  183  (1843).  g  Rep.  1881,  p.  637. 
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are  anterior  rays,  while  those  preserved  in  the  Shrewley  fish  are  not 
the  front  ones.  Another  specimen,  also  belonging  to  the  Nottingham 
Museum,  and,  apparently,  part  of  a  similar  fish,  has  these  entire 
dorsal  fin-rays  very  well  shown  (PL  XXII.  ^g.  8). 

On  the  same  slab  with  No.  1  specimen  there  are  fragments  of 
what  appears  to  be  a  Palaeoniscoid  fish.  This  is  a  portion  of  an 
extremely  heterocercal  tail  (marked  No.  2),  the  upper  lobe  being 
C9yered  by  numerous  slender  elongated  scales.  Some  of  the  more 
anterior  and  ventral  scales  of  this  fragment  have  longitudinal  stria- 
tions ;  and  other  fragments  on  the  same  slab,  with  strongly  striated 
scales  (marked  3  and  4),  probably  belong  to  the  same  fish.  The 
markings  on  these  scales  are  not  easy  to  decipher,  but  there  seem  to 
be  five  or  six  oblique  ridges  traversing  the  exposed  part  of  the  scale. 
Pigure  9  fairly  represents  one  of  these  scales,  which  are  much  like 
those  of  Elonichthys  given  by  Dr.  Traquair  ♦. 

On  another  slab  there  are  fragments  of  a  larger  fish,  as  indicated 
by  some  masses  of  scales ;  but  these  are  too  fragmentary  to  call  for 
more  than  a  passing  notice. 

Notes  on  the  Upper  Keuper  Section  at  Shrewley  where  the  FUh  were 
found,  and  on  the  Trias  generally  in  Warwickshire.  By  the 
Rev.  P.  B.  Bbodie,  M.A.,  F.G.S. 

As  a  rule,  the  Trias  in  Great  Britain,  considering  its  extent  and 
thickness,  is  noted  for  the  paucity  and  rarity  of  fossils,  perhaps  it  is 
the  most  nnfossiliferous  of  all  rocks  containing  organic  remains  in 
this  country,  especially  when  compared  with  the  abundant  fauna 
and  flora  of  the  New  Bed  Sandstone  in  Europe  and  other  parts  of 
the  world.  Any  addition  therefore  to  our  knowledge  in  a  field  so 
comparatively  barren  is  of  considerable  interest  to  the  Palaeontolo- 
gist. It  is  now  many  years  ago  since  I  discovered  PaUeoniscus 
superstes,  apparently  the  last  of  the  genus,  in  the  Upper  Keuper  at 
Kowington.  Last  summer,  in  company  with  my  son,  Mr.  Douglas 
Brodie,  I  visited  the  sandstone-quarry  at  Shrewley,  and  he  drew 
my  attention  to  some  obscure  remains  on  a  slab  of  sandstone  which, 
when  cleared,  turned  out  to  be  portions  of  fish,  unfortunately 
fragmentary  and  ill  preserved,  belonging  to  the  genus  Semionotus  t, 
which,  though  frequent  in  the  German  Keuper  at  Coburg,  Stuttgardt, 
and  elsewhere,  has  not  been  previously  recognized  here.  On  a 
second  visit  I  found  a  few  more  in  a  somewhat  better  condition,  all 
of  which  I  placed  in  Mr.  Newton's  hands.     On  the  slab  on  which 

»  Pal.  Soo.  1877,  pL  v. 

t  Another  and  ULTger  fish  was  found  at  Shrewley  some  years  ago,  but  the 
owner  will  not  part  with  it  nor  allow  it  to  be  figured  or  described.  I  showed 
a  photograph  I  have  of  it  to  Sir  P.  Egerton,  at  the  meeting  of  the  British 
Association  at  Exeter  in  1869,  and  he  thoueht  it  might  be  a  species  of  Semionotus, 
It  measures  from  head  to  tail  about  5  inches  in  length  and  half  an  inch  broad 
in  the  centre  of  the  body ;  it  stands  out  in  relief,  lyin^  on  its  back  on  a  block 
of  sandstone,  and  resembles  in  its  mode  of  preservation  some  of  the  fine  fish 
from  the  llminster  Lias,  discovered  by  my  friend  the  late  0.  Moore.  In  the 
Kew  B«d  Sandstone  of  North  America  several  fossil  fish  have  been  met  with 
and  will  shortly  be  figured  and  described  by  Dr.  Newberry,  of  the  School  of 
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the  first  specimens  were  found  were  two  impressions  of  footsteps  of 
A  large  LahyriniJiodon,  and  I  fancy  that  the  whole  number,  seven, 
may  have  been  lying  on  the  surface  of  one  large  slab  afterwards 
broken  on  removal.  The  following  section  of  the  quarry  will 
show  the  probable  position  of  most  of  the  fossils  which  occur 
inhere : — 

ft  in. 

1.  Soft,  brown-ooloored  Bandfltone,  current-marked 0    11 

2.  Green  maris,  more  or  leu  sandy 4      7 

3.  Friable  sandstones,  in  beds  divided  by  green  marl,  softer  at  the  top, 

gettingharderatthebottom,  with  green  marly  surface 7      2 

4.  Seren  or  eight  beds  of  sandstone  of  variable  hardness,  with  Estheria, 

divided  l^  marls,  the  bottom  rook  the  hardest  6      0 

5.  Hard  tea-green  marls  with  ISs^Ama   7      0 

Total 24      8 

This  section  faces  the  south;  at  the  east  end  of  the  quarry 
there  are  about  20  feet  of  red  marls,  above  the  green  mkrls 
and  thin-bedded  brown  sandstone,  Nos.  1  &  2.  The  strata  are 
nearly  horizontal.  The  *  bottom  rock '  is  exposed  on  the  canal  at 
Eowington,  where  it  has  a  slight  dip,  owing  to  a  local  disturbance, 
and  it  appears  again  on  the  road  between  that  village  and  Shrewley, 
and  elsewhere.  The  lowest  bed  in  No.  3,  probably  containing  the  fish, 
is  a  rather  soft,  gritty  sandstone,  made  up  of  small  grains  of  white 
quartz  and  other  variously  coloured  rolled  material,  very  small, 
loosely  connected  together,  and  readily  broken.  Here  and  there  this 
sandstone  is  traversed  by  bands  of  green  marl.  The  most  abundant 
organisms  in  this  bed,  which  have  been  known  for  a  long  time,  are 
the  remains  of  Cestracionts,  consisting  of  teeth,  palatal  and  cutting 
(the  latter  very  rare),  of  several  species  of  sharks,  with  the  dorsal 
spines  and,  occasionally,  portions  of  the  shagreen.  I  have  in 
my  collection  a  series  of  small  palates,  united  together,  which  is 
a  unique  example  from  the  Trias  here.  A  similar  stratum,  with 
similar  fossils,  occurs  at  several  localities  in  Worcestershire. 
Footprints  of  Lahyrinthodoriy  generally  of  small  size,  are  occasionally 
found  on  the  surface  of  the  sandstones ;  and  at  Eowington  remains 
of  plants  in  a  very  imperfect  condition,  among  which  is  Voltzia  in 
fructification,  and  some  small  fruits  resembling  the  Jurassic  Carpoli- 
thus,  so  called.  The  ^bottom  rock'  is  an  excellent  and  durable 
building-stone,  and  was  formerly  largely  quarried  at  Rowington 
and  other  places.  In  most  works  on  geology  the  New  Eed  Sand- 
stone is  simply  classed  as  a  series  of  strata  of  variously  coloured 

Mines,  New  York.    He  informs  me  that  he  has  enumerated  about  twenty 

species  from  the  American  Trias,  viz. : — 

Caiopterus,  Bedfield 6  spedee. 

IschypteruSt  Egerion= Palaoniscus 12      „ 

PtycholepUf  Agam.    1       „ 

JHplurus J  yewberrj 1       „ 

Dr.  Newberry  states  that  the  American  genus  Ischypterus  is  so  near  to  the 

genus  SemionotuSy  that  if  found  in  Europe,  Agassiz  would  have  referred  it 

unquestionably  to  that  genus. 

aJ.G.S.  No.  171.  2o 
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marls  and  sandstones,  including  the  waterstones  at  the  base.  Now 
there  are  in  Worcestershire  several  marls  and  sandstones,  including 
the  Waterstones,  having  at  the  bottom  the  hard  rock  above  men- 
tioned, overlying  green  marls  with  Estheria,  succeeded  by  a  thick 
stratum  of  red  marls,  which  evidently  come  between  these  and  the 
lower  Waterstones  at  Warwick,  Leamington,  Cubbington,  and  else- 
where, so  that  the  New  Red  in  this  district  might  be  fairly  divided 
into  Upper  and  Lower  Keuper,  with  two  important  beds  of  sandstone, 
one  above  and  another  below,  separated  by  red  marls,  which  would 
form  hereabouts  the  dividing  line.  The  same  thing  applies  to  the 
neighbourhood  of  Rugby,  and  is,  I  see,  adopted  by  the  local 
geologists  there.  The  same  subdivision  is  also  adopted  by  the 
Rev.  J.  Mello  for  the  Cheshire  Trias ;  and  1  think  it  might  be 
generally  and  advantageously  adopted  where  these  two  sandstones, 
which  diiffer  lithologically,  are  closely  separated  by  a  thick  inter- 
vening mass  of  red  marl.  The  Waterstones  are  famous  for  the 
number  (comprising  nine  genera)  of  Salamandroid  Batrachians,  a 
large  number  and  variety  of  which  have  been  found  at  Warwick,. 
Leamington,  and  Coventry ;  and  a  unique  collection  is  preserved  in 
the  Warwick  Museum. 

I  may  add  that  although  the  red  rocks  of  Kenilworth  and 
Coventry  have  hitherto  been  assigned  to  the  Permian,  there  seems 
every  probability  that  a  large  proportion  of  the  former  will  now 
have  to  be  classed  with  the  Trias. 

Notes  on  the  Triassic  Beds  at  Golwiek  Wood,  near  Nottingham. 
By  Edw.  Wilson,  Esq.,  F.G.8. 

The  small  fishes  described  were  found  by  me  in  the  summer  of  the 
year  1879,  in  the  roof  of  a  tunnel  which  was  being  driven  through 
the  side  of  the  hill  at  Colwick  Wood,  near  Nottingham,  for  the  Leen 
Valley  OutfaU  Sewer.  They  come  from  the  Lower  Sandstone  or 
•  Waterstones '  of  the  Upper  Keuper,  which  at  this  point  rest  upon 
the  *  Basement-beds '  of  the  Lower  Keuper.  The  fishes  were 
apparently  limited  to  the  lowest  stratum  of  the  '  Waterstones,'  a 
bed  of  greenish-yellow  sandstone  10  inches  thick,  with  intercalated 
streaks  of  red  and  green  marl,  and  a  seam  of  pebbles  at  its  base, 
and  to  the  bottom  inch  or  two  of  that  stratum.  This  bed  may  be 
seen  cropping  out  in  an  adjoining  field  on  the  hUlside  which  here 
forms  the  escarpment  of  the  Trent  Valley,  but  it  is  not  fossiliferous 
at  that  point;  and  although  there  have  been  many  opportunities 
of  examining  the  strata  at  the  same  horizon  on  the  east  side  of  Not- 
tingham, and  at  other  places  in  the  vicinity,  no  traces  of  any  simDar 
organisms  have,  so  far,  been  discovered  elsewhere  in  the  district. 
In  addition  to  the  exceptional  interest  that  is  always  to  be  derived 
from  the  presence  of  organic  remains  in  Triassic  rocks,  as  a  rule  so 
barren  of  life,  there  were  two  points  specially  noticeable  in  con- 
nexion with  the  occurrence  of  these  fossils  in  the  Keuper  at 
Nottingham ;  namely,  first,  the  great  number  of  the  fishes,  there 
being  quite  a  shoal  of  them  for  a  distance  of  thirty  feet  or  there- 
about, in  the  line  of  section,  the  individual  fishes  even  lying  over 
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one  another  in  the  middle  portion  of  that  distance,  but  gradually 
becoming  more  widely  separated  in  either  direction  until  they 
finally  came  to  an  end ;  and,  secondly,  their  occurrence  at  the 
junction  of  two  subformations  of  the  Trias,  namely,  of  the  Water- 
stones  of  the  Upper  Keuper  and  the  Basement-beds  (Lower  Keuper). 
This  may  be,  and  probably  is,  merely  an  accidental  coincidence. 
At  the  same  time,  it  may  be  worth  while  to  record  the  fact.  The 
two  series  of  deposits,  at  the  junction  of  which  this  fossil  shoal  of 
fishes  was  found,  are  of  very  diverse  characters,  and  were  formed 
under  very  different  physical  conditions.  The  Keuper  Basement- 
beds  are  a  series  of  gritty,  false-bedded  sandstones  with  frac- 
tured quartzite  pebbles  and  strange  wedge-shaped  intercalations  of 
fine  red  marl  and  marly  debris,  irregularly  bedded  and  showing 
dear  signs  of  the  existence  of  powerful  currents  as  well  as  of 
considerable  contemporaneous  erosion.  These  deposits  I  believe  to 
have  probably  had  a  fluviatile  origin.  The  Waterstones,  on  the 
other  hand  (at  the  base  of  which  the  fishes  occurred,  and  to  which 
series  they  belong),  are  regularly  bedded  fine-grained  sandstones  and 
marls,  showing  ripple-marks  and  sun-cracks*,  and  were  evidently 
formed  in  waters  which  were  tranquil  but  extremely  shallow,  and 
liable  to  entire  and  perhaps  rapid  desiccation.  These  waters  were 
in  all  probability  those  of  saline  lakes  or  lagoons.  Possibly  the 
fishes  found  at  Colwick  may  have  become  entrapped  in  the  shallows 
of  such  a  lake,  and  killed  in  numbers  by  the  drying-up  or  the 
increasing  salinity  of  the  water. 

EXPLANATION  OP  PLATE  XXH. 
Fig.  1.  SemionotuSf  found  by  the  Rev.  P.  B.  Brodie  in  the  Upper  Keuper  of 

Shrewley,  twice  natural  size,     d,  dorsal  fin;   pj  pectoral  fin; 

V,  ventral  fin ;  an,  anal  fin.     The  head  and  greater  part  of  the  tail 

are  wanting,  but  their  probable  form  is  indicated  by  a  hypothetical 

outline. 
Fig.  2.  A  much  crushed  specimen,  natural  size,  showing  the  large  fulcral 

scales  of  the  tail. 
Fig.  3.  Another  example,  twice  natural  size,  showing  part  of  head,  pectoral 

fin,  and  possibly  part  of  yentral  fin. 
Fig.  4.  A  fraement^  showing  ventral  fin,  twice  natural  size. 
Fig.  5.  A  tail,  twice  natural  size,  showing  its  moderately  heterooeroal  cha- 
racter. 
Fig.  6.  A  similar  specimen,  also  twice  the  natural  size,  showing  the  large 

fulcral  scales. 
Fig.  6  a.  A  few  of  the  scales,  further  enlarged. 
Fig.  7.  Scales,  enlarged,  from  a  specimen  presented  to  the  British  Museum 

by  the  Rev.  P.  B.  Brodie,  showing  their  denticulate  margins. 
Fig.  8.  One  of  the  numerous  specimens  of  Semionotus  found  by  Mr.  E.  Wilson 

in  the  Trias  of  Colwick  Wood,  near  Nottingham;  natural  size. 

Other  examples  show  that  the  ventral  fins  (and  probably  the  anal 

fin)  were  situated  as  in  figure  1  aboye. 
Fig.  9.  A  scale,  enlar^  20  diameters,  of  one  of  the  PalsBonisooid  fishes,  also 

found  by  Mr.  E.  Wilson  in  the  Trias  of  Colwick  Wood. 

»  In  these  lowest  beds  of  the  Waterstones  at  Colwick  I  found  the  stem  of  a 
land  plant  baring  Uie  appearance  of  Equiaetites  columnaris^  and  probably 
allied  thereto.  Unfortunately  it  was  only  a  sandstone  cast,  and  too  friable  to 
remoTO. 

2o2 
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39.  On  the  Loweb  Pabt  of  the  XJppeb  Cbstageous  Sebibs  in  West 
SuPFOLX  and  Nobfolk.  By  A.  J.  JuKES-BBowinB,  Esq.,  BJL«, 
F.G.S.,  and  W.  Hill,  Esq.,  F.G.B.    (Bead  June  8, 1887.) 

iHTBODUCnOir. 

The  zonal  subdivisions  of  the  Cambridgeshire  Chalk  were  first 
described  in  1880  *,  and  more  fully  in  the  Memoirs  of  the  Geological 
Survey,  in  1881 1,  the  outcrops  of  the  Tottemhoe  Stone  and  the 
Melboum  Rock  having  then  been  traced  as  far  as  Burwell  and 
Newmarket  respectively ;  but  the  survey  of  the  Suffolk  Chalk  having 
been  previously  completed,  the  lines  were  not  continued  on  the 
Survey  map. 

The  section  exposed  in  the  cliffs  near  Hunstanton  has  often  been 
described,  but  the  beds  there  seen  are  very  different  from  those 
which  occupy  a  similar  stratigraphical  position  near  Newmarket ;  it 
was  evident,  therefore,  that  between  these  two  places  the  beds 
forming  the  lower  part  of  the  Chalk  underwent  a  considerable 
amount  of  lateral  change,  and  that,  until  more  was  known  of  the 
manner  in  which  one  facies  of  the  Lower  Chalk  passed  into  the 
other,  no  correlation  of  the  Norfolk  and  Cambridge  sections  could  be 
more  than  suggestive. 

Moreover,  in  the  absence  of  this  information,  one  of  us  has  found 
much  difficulty  in  correlating  the  subdivisions  of  the  linoolnshire 
Chalk  with  that  of  the  Midland  counties,  and  he  felt  that  when 
once  the  constitution  of  the  Norfolk  Chalk  was  properly  understood, 
that  of  Lincolnshire,  which  bears  great  resemblance  to  it,  would  no 
longer  offer  any  difficulty. 

It  being  dear,  therefore,  that  important  issues  depended  upon  an 
investigation  of  the  changes  that  take  place  in  the  Cretaceous  rocks 
as  they  pass  from  Suffolk  into  Norfolk,  it  was  with  the  object  of 
exploring  this  terra  incognita  that  we  started  from  Newmcurket 
in  June  1886,  and  worked  rapidly  northward  as  far  as  Shouldham 
and  Marham  in  Norfolk.  By  this  traverse  we  succeeded  in  obtain- 
ing some  important  information,  which  was  communicated  to  the 
Director  of  the  Geological  Survey,  the  result  being  that  Mr. 
Whitaker  was  sent  into  the  district,  and  one  of  us  accompanied  him 
in  continuing  the  work  through  Norfolk  to  Hunstanton.  During 
this  traverse  the  lines  for  the  Melboum  Bock  and  Totternhoe  Stone 
were  drawn,  and  that  for  the  Melboum  rock  will  be  engraved  on 
sheets  65  and  69  of  the  Geological  Survey  map.  A  third  visit  was 
made  in  September,  and  two  others  in  the  spring  of  this  year,  for 
the  purpose  of  gaining  farther  information  on  certain  points,  and 
superintending  ti^e  execution  of  three  borings  which  were  made  for 
the  purpose  of  testing  the  accuracy  of  our  conclusions  at  localities 
where  littie  natural  evidence  was  obtainable. 

*  G«oL  Mag.  dec.  ii.  vol.  vii.  p.  248. 

t  '  Geology  of  the  Neighbourhood  of  Cambridge,'  by  W.  H.  Pexming  and  A. 
J.  Jukes-Browne,  pp.  20  ei  seq. 
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The  present  communicatioii  therefore  is  hased  npon  our  joint 
investigations  in  the  field,  checked  and  confirmed  hy  the  results  of 
the  borings,  by  the  examination  of  the  fossils  collected  from  the  various 
exposures,  and  by  the  study  of  more  than  150  rocknslices  under  the 
microscope. 

The  mass  of  evidence  thus  obtained  will  naturally  be  treated  under 
the  three  heads  of  (1)  stratigraphical  evidence,  (2)  palaBontological 
evidence,  (3)  microscopical  evidence ;  and  these  are  supplemented  by 
the  chemical  analyses  which  the  kindness  of  Dr.  Johnstone  enable 
us  to  adduce.  We  desire  also  to  thank  Mr.  Whitaker  for  his  assis- 
tance and  cooperation  in  the  field,  and  for  his  readiness  to  impart 
such  information  as  he  possessed. 

§  1.  Stritigkaphioal  Evidence. 

For  the  purposes  of  description,  it  will  be  most  convenient  to 
divide  our  matter  into  three  portions  under  the  following  heads : 
(a)  the  Gault  and  the  Cambridge  Greensand,  (b)  the  Totternhoe 
Stone  and  Chalk-marl,  (c)  the  Grey  Chalk,  Melboum  Rock  and 
associated  beds,  tracing  each  division  from  south  to  north,  and  de- 
scribing the  exposures  which  we  observed  along  the  tract  occupied 
by  it. 

A.  The  Oavlt  and  Cambridge  Greensand, 

On  the  eastern  borders  of  Cambridgeshire,  near  Eeach,  Burwell, 
and  Soham,  well-sections  prove  the  thickness  of  the  Gault  to  be 
about  100  feet,  the  information  obtained  showing  a  variation 
between  90  and  110  feet  at  different  places. 

The  greater  part  of  the  Gault  lies  below  the  surface  of  the  Fen, 
so  that  little  can  be  seen  of  it ;  but  some  fourteen  or  fifteen  years 
ago  many  Coprolite-pits  were  open  between  Keach  and  Soham,  and 
we  quote  the  following  observations  from  the  '  Survey  Memoir  on 
the  Neighbourhood  of  Cambridge '  (p.  34)  as  indicating  that  the 
day  which  here  underlies  the  Coprolite-bed  belongs  to  a  different 
and  probably  higher  part  of  the  Gault  than  that  on  which  it  rests 
near  Cambridge.  The  memoir  says: — "The  phosphate  nodules 
extracted  from  these  pits  exhibited  different  characters  from  those 
obtained  nearer  Cambridge  ;  there  was  a  much  greater  proportion  of 
lighter-coloured  phosphates,  and  the  fossils  which  occurred  among 
these  had  not  apparently  been  subjected  to  much  rolling,  but  retained 
their  shells  in  a  more  perfect  state  than  usual— Tere&rafwZoj,  Rhyn- 
ehonellcB^  and  Bxogyrce  being  especially  common  and  weU  pre- 
served. .  .  .  Amongst  the  darker  nodules  there  are  some  which 
have  a  greenish  exterior,  and  the  whole  assemblage  has  a  different 
aspect  from  those  [of  the  pits]  to  the  south,  as  if  resulting  from 
the  erosion  of  differently  constituted  beds  in  the  Gault." 

It  is  also  mentioned  that  at  one  pit  near  Beach  *'a  second 
Coprolite-bed  was  worked  in  the  mass  of  the  Gault,  about  8  feet 
below  that  formiog  the  base  of  the  Chalk-marl,"  the  fossils  from 
both  beds  being  mixed  in  the  washed  heap. 
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Pig.  1, — Map  of  the  Outcrop  of  Cretaceous  Bocks  in  West  Suffolk 
and  Norfolk.    (Scale  8  miles  to  1  inch.) 


Fen  and  alluTium 


Middle  Chalk. 


Lower  Chalk 


Gault 


Lower  Ghreensand  and  1     ^^ 
Kimeridge  Clay j     1^1 


Digitized  by  LjOOQ IC 


OF  THB  VPFEB  CBJSIA.0ROVB  IN  WB8X  SUFFOLK  ASD  VOBFOLK,      547 

Now  it  is  remarkable  that  these  phenomena  are  similar  to  those 
found  near  the  southern  termination  of  the  Cambridge  Greensand 
in  Bedfordshire ;  the  phosphates  dug  near  Barton  in  that  county 
exhibited  a  similar  preponderance  of  light-coloured  nodules,  and  it 
was  specially  observed  *  that  their  surfaces  were  fresher  and  less 
water-worn  than  those  of  the  Cambridge  nodules.  It  was  shown, 
in  the  paper  referred  to,  that  these  nodules  were  in  all  probability 
•derived  from  the  uppermost  beds  of  the  Gault,  and  the  resemblances 
between  them  and  the  nodules  from  the  Beach  and  Soham  pits  are 
therefore  very  suggestive ;  this  point  will  be  again  referred  to  in  the 
sequeL 

The  most  northern  locality  where  the  Cambridge  seam  has  been 
worked  is  near  Wedd's  Earm,  about  two  miles  north-east  of  Soham, 
where  it  was  not  far  from  the  surface.  Beyond  this  spot  its  course 
is  unknown,  and  no  line  for  the  base  of  the  Chalk  beneath  the 
Eenland  has  been  drawn  on  the  Geological  Survey  map  (sheet  51, 
N.E.);  there  can  be  little  doubt,  however,  that  it  runs  below 
Mildenhall  Fen,  and  probably  passes  out  of  sheet  51  into  sheet  65, 
about  a  mile  and  a  half  north-west  of  Lakenheath.  How  far  the 
nodule-bed  continues  at  the  base  of  the  Chalk-marl  is  of  course  a 
matter  which  could  only  be  decided  by  making  a  series  of  borings 
through  the  fen-beds  along  the  line  above  indicated. 

Gault  IB  said  to  underlie  the  gravel  of  Shrubb  Hill,  which  is 
an  island  in  Hockwold  Pen,  on  the  north  side  of  the  Little  Ouse, 
but  the  base  of  the  Chalk-marl  seems  to  be  still  below  the  Fen- 
level. 

Between  West  Dereham  and  Stoke  Ferry  the  Gault  once  more 
rises  above  the  level  of  the  Fen,  and  forms  a  low-lying  plain  be- 
tween the  ridges  of  the  Lower  Greensand  to  the  westward  and  the 
slope  of  the  Lower  Chalk  on  the  east. 

That  this  is  really  Gault  we  have  not  the  slightest  doubt.  Mr. 
€.  B.  Eose,  who  was  the  first  to  describe  it,  seems  at  first  to  have 
had  some  doubt  whether  it  was  true  Gault ;  but  his  hesitation  was 
set  at  rest  by  William  Smith,  who  identified  it  by  the  fossils  he  had 
found  in  itf,  bo  that  we  find  Fitton  (in  1836)  accepting  its  existence 
as  an  established  fact.  Mr.  Eose  afterwards  succeeded  in  tracing 
the  several  detached  exposures  of  this  clay  from  West  Dereham  to 
Congham  and  West  Nevrton,  and  records  the  finding  of  other  Gault 
species  t.  From  this  time,  no  doubt  was  ever  thrown  on  the  occur- 
rence of  Gault  in  West  Norfolk  until  1885,  when  Messrs.  Beid  and 
Sharman  §  raised  the  question  in  the  '  Geological  Magazine,'  and  sug- 
gested that  the  whole  of  it  was  Chalk-marl,  asserting  that  it  con- 
tained a  Chalk-marl  fauna. 

From  their  conclusions  we  entirely  dissent,  and  our  reasons  for 
maintaining  that  this  clay  is  really  Gault  have  already  been 
published,  so  that  we  need  not  repeat  them  here ;  but  we  think  that 

•  See  Quart  Joum.  Qeol.  Soc  vol.  xxxi.  p.  263. 
t  Phfl.  Mag.  vol.  vii.  (1835)  p.  179  et  seq. 
t  Proc  Geol.  Amoc.  vol.  i.  p.  234. 
§  Geol.  Mag.  dee.  ill.  voL  iii.  p.  55. 
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if  Messrs.  Eeid  and  Sharman  had  traced  the  Chalk-marl  throagh 
Suffolk  and  Norfolk,  as  we  have  done,  and  had  realized  the  tme- 
position  of  the  hard  chalk  exposed  at  Stoke  Ferry  they  would  never 
have  puhlished  their  suggestion. 

In  our  hrief  communication  to  the  '  Geological  Magazine '  we  men- 
tioned that,  in  order  to  decide  the  question,  we  had  a  boring  made 
at  Stoke  Ferry,  and  had  proved  the  existence  of  a  glauconitic  marl 
there,  which  rested  on  blue  clay  at  a  depth  of  5Sj^  feet  below  the 
quarry  floor  (see  p.  556). 

We  may  also  mention  in  this  oonnexion  that  from  the  core  of  the 
Glauconitic  Marl  brought  up  from  the  bore  at  Stoke  Ferry  we  ex- 
tracted a  small  but  perfect  cast  of  Avicula  gryphasoides  in  dark- 
brown  phosphate  of  exactly  the  same  appearance  as  the  casts  of  the 
same  shell  in  the  Cambridge  Greensand,  so  that  we  feel  warranted 
in  regarding  this  bed  as  an  actual  continuation  of  the  Cambridge 
Greensand. 

Another  well-section,  at  a  point  a  quarter  of  a  mile  south-east  of 
the  quarry,  continues  the  succession,  and  shows  56  feet  of  Gault 
below  the  base  of  the  Chalk-marl.     The  details  are  as  follows : — 

feet. 

Sand  and  Water 25 

Ohalk  [i.  e.  Obalk-marl]  13J 

Yellow  Marl  [?  Glauconitic  bed] 8 

Blue  clay  [Gault]  66 

Dark  green  sand    2 

Beds  of  rock  and  sand  [Lower  Greensand]    16 

The  three  feet  of  "  Yellow  Marl"  we  regard  as  in  aU  probability 
the  glauconitic  basement-bed  of  the  Chalk-marl,  which  has  a 
yellowish  tinge,  especially  when  contrasted  with  the  whiter  Chalk- 
marl  above,  and  its  assigned  thickness  agrees  very  closely  with  that 
of  the  bed  proved  by  our  boring.  The  day  below  is,  of  course,  the 
Gault,  and  the  **  dark  green  sand  "  is  its  basement-bed,  in  which  the 
CoproHtes  occur  at  West  Dereham. 

For  the  details  of  this  boring  we  are  indebted  to  Mr.  Wr 
Whitaker,  who  obtained  them  from  the  well-borer  himself,  Mr.  T. 
Tilley.  The  three  sections  taken  together,  namely,  the  open  quarry, 
our  boring,  and  Mr.  Tilley's  boring,  give  the  complete  thickness  of 
the  Chalk-marl  and  Gault  at  Stoke  Ferry,  the  former  being  75  feet 
and  the  latter  58  feet  in  thickness.  We  had  previously  ^Jculated 
the  thickness  of  the  Gault,  taking  the  breadth  of  its  outcrop  as  two 
miles,  and  assuming  a  dip  of  1°,  to  be  69  feet.  We  shall  show  in 
the  sequel  that  the  thickness  of  this  clay  rapidly  decreases  from  this 
point  northwards. 

On  the  Gault-area  the  only  sections  are  those  to  be  seen  in  the 
trenches  opened  from  time  to  time  for  the  purpose  of  working  the 
seam  of  phosphate-nodules  which  lies  at  the  base  of  the  clay.  The 
best  section  open  in  1886  was  at  the  works  one  mile  W.N.W.  of 
Dereham  Church ;  this  showed  fr*om  10  to  12  feet  of  dark  grey  clay^ 
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with  a  basement-layer  (9  inches  thick)  of  sandy  glauconitic  day 
containing  the  **  Coprolites/'  This  layer  rested  directly  on  brownish 
sand,  the  line  of  junction  being  undulating,  as  if  indicating  erosion. 
Both  here.and  at  the  other  pits  south-west  of  the  church  there  was 
only  one  seam  of  nodules,  and  all  the  nodules  on  the  washed  heaps 
were  of  the  gritty  or  pebbly  phosphate,  such  as  occurs  in  the  zone 
of  Ammonites  mamiUaris  at  Folkestone.  In  the  older  pits  near 
West  Dereham,  phosphate-nodules  of  the  darker  compact  kind 
usually  found  in  the  Gault  occurred  in  the  clay  overlying  the 
nodule-bed ;  but  in  the  present  workings  only  pale  grey  or  buff- 
coloured  phosphates  occurred  above  the  basement-bed. 

Near  the  farm  called  ^^  Muzzle,"  about  four  miles  west  of  West 
Dereham,  a  good  section  of  the  lower  part  of  the  Gault  can  be  seen 
in  an  old  pit,  where  clay  has  been  extensively  dug  for  agricultural 
and  other  purposes.  The  lower  part  of  the  face  is  now  hidden  by 
a  talus  slope,  due  to  weathering,  but  there  yet  remains  a  vertical 
section  of  about  from  4  to  6  feet.  This  exposure  has  been  considered 
by  many  writers  to  afford  a  proof  of  the  existence  of  the  Gault  in 
Norfolk.  Messrs.  Beid  and  Sharman,  however,  as  previously  men- 
tioned, refer  it  to  the  Chalk-marl.  They  visited  this  pit  to  obtain 
fossils  *' unmixed  with  derivative  forms,"  and  they  consider  the 
assemblage  so  obtained  to  be  characteristic  of  the  Chalk-marl  rather 
than  of  the  Gault. 

We  have  examined  the  exposure  carefully.  All  the  fossils  found 
here  were  met  with  in  the  face  of  the  pit  except  Ammonites 
interrupttu.  Ammonites  of  this  species  were  obtained  by  digging 
a  little  below  the  floor  of  the  pit,  and  appeared  common  as  soft-day 
casts;  but  some  of  the  interior  whorls  of  at  least  one  spedmen 
were  phosphatized.  With  the  Ammonites  were  associated  numbers 
of  Inoceramiy  which  appear  to  bdong  to  Inoc.  coneeniricus  and  allied 
spedes.     The  whole  assemblage  is  unquestionably  a  Gault  one. 

The  area  occupied  by  the  Gault  north  of  West  Dereham  is  much  ob- 
scured by  spreads  of  Boulder-day,  <&c.,  but  deep  ditches  give  occasional 
facilities  for  following  its  outcrop.  In  one  of  these,  to  the  south  of 
Bhouldham,  Messrs.  Beid  and  Sharman  record  a  bluish-white  marly 
day,  fall  of  BeUmnites  minimus  and  B.  attenuatus  and  Plieatida^ 
which  they  refer  to  as  Chalk-marl  *.  From  the  evidence  we  have 
obtained  at  Muzzle  and  West  Dereham,  and  also  further  to  the 
north,  at  Grimston,  we  believe  this  marly  day  to  be  true  Gault. 
Mr.  Whitaker  informs  us  that  a  boring  at  Narborough  House  passed 
through  85  feet  of  chalk,  which  was  hardest  near  the  base,  then 
through  20  feet  of  blue  day  or  marl,  reaching  the  Lower  Greensand 
at  105  feet. 

In  the  neighbourhood  of  Grimston  we  have  been  able  to  identify 
the  Gault,  and  have  ascertained  its  thickness  by  boring. 

The  point  chosen  for  this  operation  was  a  pit  about  half  a  mile 
N.N.E.  of  Eoydon  Church,  in  which  occurs  a  hard,  grey,  and  gritty 
ohalk,  with  green-coated  nodules  at  its  base,  described  by  Mr.. 

*  GeoL  Mag.  dec.  iii.  vol.  iii  p.  65. 
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Wliitaker  *  as  the  probable  representative  of  the  Tottemhoe  Stone. 
This  hard  grey  chalk  is  underlain  by  exceedingly  hard  creamy- 
white  chalk,  which  passes  rather  abruptly  into  a  softish,  grey,  clayey 
marL  At  the  junction  of  these  two  the  hard  material,  was  de- 
cidedly yellower,  and  it  passed  into  the  bed  below  as  layers  or 
lumps  separated  by  the  marL  The  section  obtained  by  digging  and 
boring  is  as  follows  (fig.  2) : — 

Fig.  2. — Diagram  of  Section  shown  and  obtained  by  boring  in  the 
Pit  about  J  mile  N.N.E.  of  Boydon  Church,  (Scale  |  inch  to 
1  foot.) 

ft.  in. 
SoU 1    0 


Ohalk- 
marL 


Gbeyish,  hard,  ^tty  chalk,  weathering  in 
thin  flaggy  pieces,  a  number  of  green- 
coated  nodules  at  its  base = the  Inocera- 
77itf8-bed  of  Hunstanton   6    0 


Oreamy-white  material,  rery  hard,  with 
pipings  or  mottlings  of  the  grey  bed 
above,  becoming  rather  yellower  down- 
ward =  the  so-called  Sponge-bed  of 
Hunstanton  5    6 


Boring. 

Toughish,  grey,  marly  clay,  with  Belem- 

92t^=r  Upper  Gault 10    0 


-Gault 


(Yellowish-buff,  or  tawny,  marly  clay, 
one  drawing  of  the  auser  (5  inches) 
being  markedly  red,  tne  remainder 
stained  and  blotched  with  red 1 


Blue  Qault,  rather  greyish  in  tint  at 
first,  becoming  diu*ker,  sandy,  and 
almost  black  at  its  base— Lower  Gault.    7 


Car- 
stone. 


Carstone prored  to    3    0 


No  hard  beds  were  noted  in  boring,  but  subsequent  examination 
*  Proc.  Norwich  GeoL  Sec.  yoI.  i  pt  ui.  p.  238  (1884). 
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of  the  cores  showed  that  hard  material  had  heen  passed  through, 
probably  at  the  top  of  the  bine  Gault.  Belenmites  were  found  in 
the  cores,  and  also  in  the  lowest  part  of  the  hard  Chalk-marl,  but 
not  higher. 

About  half  a  mile  N.E.  of  Grimston-Eoad  Station  the  following 
Bucoession  of  beds,  having  a  slight  dip  to  the  east,  is  shown  in  a 
shallow  cutting  of  the  railway.  Entering  from  the  southern  end,  a 
dark-grey  calcareous  clay  is  seen  for  about  fifty  yards.  Some  thirty 
yards  south  of  the  bridge  which  spans  the  centre  of  the  cutting  this 
clay  is  seen  to  be  overlain  by  a  bed  of  hard,  bluish-grey  rock,  eight 
or  ten  inches  thick.  Two  feet  above  this  bed,  and  extending  for 
almost  the  entire  length  of  the  cutting  from  this  point  to  the  north, 
rather  more  than  a  foot  of  the  clay  is  coloured  a  bright  reddish 
pink.  This  band  is  divided  in  places  by  uncoloured  material. 
North  of  the  bridge,  a  second  bed  of  pale  yellowish-grey  rock,  about 
eight  inches  thick,  is  seen  above  the  red  band,  separated  from  it  by 
a  few  inches  of  marly  day.  The  lower  of  these  hard  beds  proved 
fossiliferous,  the  most  abundant  form  being  Inoceramm  concmtricus ; 
associated  with  it  were  Inoeeramus  sulcatus.  Ammonites  lautus^  and 
A.  rostratus.  The  upper  bed  appeared  to  contain  few  fossils. 
Inoc,  concentricus  occurred  sparingly. 

The  succession  of  these  beds  was  further  confirmed  by  following 
the  course  of  the  brook  to  the  west  of  Grimston  Church.  The  out- 
crop of  the  lower  hard  bed  occurs  just  by  a  small  field-bridge  about 
a  quarter  of  a  mile  S.W.  of  the  church.  It  is  easily  identified  by 
its  fossils,  which  are  the  same  as  those  from  this  bed  in  the  cutting. 
Following  upward  the  course  of  the  stream,  a  grey  marly  clay  is 
exposed  on  either  bank,  which,  just  above  the  hard  bed,  and  rather 
closer  to  it  than  in  the  cutting,  is  tinged  with  pink.  Above  this  is 
a  second  hard  bed.  At  the  confluence  with  the  main  brook  of  a 
small  stream,  which  takes  its  rise  immediately  to  the  west  of  the 
church,  hard,  creamy- white  Chalk-marl  is  seen,  bared  at  this  point 
from  all  sediment  by  the  swiftly  running  water.  This  spring 
appears  to  rise  at  the  horizon  of  the  hard  grey  chalk  noted  at  the 
Eoydon  pit,  with  which  the  material  from  the  spring-head  agrees. 
Belenmites  occur  from  the  lower  hard  bed  to  the  Chalk-marl,  very 
abundantly  in  the  pink,  more  sparingly  above  it. 

About  a  mile  to  the  south-west,  the  same  order  of  succession  of 
these  beds  can  be  made  out  in  the  channel  cut  by  the  water  rising  from 
the  Sow's  Head  spring.  The  water  here  appears  to  come  out  at  the 
base  of  the  hard  Chalk-marl,  for  hard  limestone,  weathering  yellowish 
and  containing  Belenmites,  extends  for  some  little  distance  down 
stream.  Below  this,  with  about  the  same  interval  of  grey  marly 
clay  between  them  as  at  Grimston,  are  two  hard  beds,  the  lower 
containing  the  same  fossils  as  before ;  and  the  marl  above  it  being 
tinted  a  dull  brownish  pink,  is  probably  the  representative  of  the 
red  band  in  the  cutting. 

There  is  perhaps  some  ground  for  doubting  whether  the  hard 
beds  seen  in  this  neighbourhood  occur  continuously  at  the  same 
horizon ;  for  Mr,  Eose  notes  a  hard  bed  at  Pentney  only  2  feet 
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above  the  base  of  the  Ghiult  *  ;  but  in  both  the  brook-Bections  soft 
grejash-blue  marl  underlies  the  lower  hard  bed,  below  the  outcrop  of 
which  the  banks  weather  down,  and  the  strata  through  which  the 
water  cuts  its  way  are  no  longer  openly  exposed. 

A  small  exposure  was  noted  of  grey  clayey  marl,  with  some  pinkish 
streaks,  just  to  the  east  of  the  gardens  at  Sandringham,  in  what 
appeared  to  have  been  an  old  pit  close  by  the  road.  This  we  refer 
to  the  Gault.  At  a  subsequent  visit  this  exposure  was  covered  up, 
but  red  clayey  earth  was  seen  just  above  the  outcrop  of  the  Carstone 
around  some  young  trees  which  had  just  been  planted. 

That  which  we  believe  to  be  the  &ial  thinning-out  of  the  Qault 
clay  was  found  by  boring  in  the  large  chalk-pit  at  Bersingham  (for 
section  see  p.  560).  Here,  below  the  hard  Chalk-marl,  2  feet  of 
softish  pale  grey  marl  was  found,  and  beneath  this  3  feet  of 
yellowish-brown  chalky  material,  hard  at  the  top,  but  passing  down 
into  2i^  feet  of  red  marly  clay,  which  rested  immediately  on  the 
Carstone. 

This  confirms  a  statement  of  the  Bev.  T.  Wiltshire,  who  says  f : — 
**  According  to  the  statements  of  persons  resident  in  the  district 
adjoining  Hunstanton,  and  who  have  seen  inland  sections  opened 
for  agricultural  purposes,  the  blue  Gault,  with  its  characteristic 
Belemnite,  rests  on  the  Carstone  at  Flitcham,  10  miles  south  of 
Hunstanton ;  but  rather  nearer  the  latter  place,  and  still  close  to 
flitcham,  a  red  clay  occurs  immediately  under  the  White  Chalk, 
thus  connecting  the  blue  Gault  with  the  Bed  Chalk." 

As  will  be  seen  in  the  sequel,  the  stratigraphical  evidence  is 
strongly  in  favour  of  the  Bed  Chalk  being  the  actual  continuation 
of  the  Norfolk  Gault,  a  conclusion  which  agrees  with  that  arrived 
at  by  Mr.  Wiltshire ;  but  it  will  be  seen  that  the  strength  of  this 
evidence  lies  in  the  identification  of  the  overlying  "  sponge-bed  "  as 
the  real  base  of  the  Chalk-marl. 

B.  The  Chalk-marl  and  Tottemhoe  SUme. 

The  thickness  of  the  Chalk-marl  in  Cambridgeshire  is  from  60  U> 
70  feet,  and  its  upper  beds,  underlying  the  Tottemhoe  Stone,  are  well 
exposed  in  the  large  quarry  at  Beach  and  in  the  northernmost 
quarry  at  Burwell. 

At  Beach  a  face  of  about  30  feet  is  seen,  the  highest  beds  being 
tough  and  blocky,  drying  to  a  dull  greyish  white  and  being  then 
fairly  compact ;  they  are  not  really  bedded,  but  split  into  large  blocks 
with  curved  and  largely  conchoid al  fractures,  and  the  whole  mass 
is  divided  by  strong  joints ;  this  "  dunch,"  as  it  is  locally  called, 
passes  down  to  a  softer  and  darker  brownish-grey  marl  which 
towards  the  bottom  of  the  section  shades  into  a  bluish  shaly  marl, 
these  lower  beds  containing  Inoceramus  latus^  Ammonites  varians, 
and  other  fossils  in  some  abundance. 

The  lower  part  of  the  Chalk-marl,  as  seen  in  the  numerous 

*  Phil.  Mag.  1836,  vd.  Tii  p.  180. 

t  Quart.  Joum.  GeoL  8oc.  toL  zzt.  p.  190. 
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<!)oprolit&-pit8  between  Cambridge  and  Soham,  is  a  soft,  argillaceons, 
bluish  or  greenish-grey  marl,  containing  many  small  Brachiopoda. 

The  Tottemhoe  Stone  is  invariably  found  at  the  top  of  the  Chalk- 
marl  throughout  Buckinghamshire,  Bedfordshire,  and  Cambridge- 
Bhire  ;  and  the  most  northerly  point  to  which  it  has  hitherto  been 
traced  is  the  village  of  Burwell,  in  Cambridgeshire,  where  there  are 
large  quarries  and  good  sections.  These  have  been  described  in  the 
^*  Geology  of  the  neighbourhood  of  Cambridge  '*(Mem.  Geol.  Survey), 
so  that  a  brief  summary  need  only  be  given  here.  The  stone  is  gene- 
rally spoken  of  as  a  grey  sandy  chalk,  but  the  roughness  and  apparent 
sandinees  is  probably  due  in  great  part  to  the  quantity  of  the  com- 
minuted fragments  of  InoceramusshellB  which  it  contains.  Its 
l)asement-bed  is  a  remarkable  stratum,  consisting  of  hard,  grey, 
gritty  stone  full  of  green-coated  phosphatic  nodules,  which  vary  in 
size  from  that  of  a  pea  to  that  of  a  walnut  or  small  potatoe ;  the 
thickness  of  this  layer  is  from  six  to  twelve  inches  and  it  is  locally 
known  as  "  brassil,"  At  Burwell  the  uppermost  bed  of  the  stone 
is  a  course  of  compact  grey  freestone,  about  3  feet  thick,  which 
is  known  as  the  '^  bond  "  course  and  forms  the  best  building-stone 
of  the  quarries.  The  whole  thickness  of  the  Tottemhoe  Stone  is  not 
exposed  in  any  of  the  sections,  but  is  seen  to  be  more  than  13  feet. 

The  first  locality  beyond  Burwell  where  we  found  traces  of  this 
stone  was  in  the  shallow  cutting  on  the  new  railway  nearly  a  mile 
north  of  Eordham  Station.  Much  water  is  thrown  out  here,  and  as 
a  level  piece  of  ground  has  been  left  by  the  removal  of  material 
between  the  rail  and  the  road,  shallow  trenches  have  been  dug  to 
facilitate  the  escape  of  the  water;  these  excavations  expose  a 
portion  of  the  basement-bed  of  the  Tottemhoe  Stone,  which  is  full 
of  green-coated  nodules  like  those  of  Burwell,  and  contains  some 
fossils,  such  as  PecUn  Jissicosta,  Eth.,  and  Bhynchorulla  Qrasiana, 
d'Orb.  Only  the  bared  outcrop  of  this  bed  is  seen,  and  it  probably 
dips  eastward,  the  general  features  of  the  country  suggesting  that 
the  long  ridge  on  which  the  eastern  part  of  Eordham  stands  coincides 
with  a  shallow  synclinal  trough.  The  cutting  north-east  of  this  point 
is  chiefly  through  a  kind  of  chalky  wash  overlain  by  a  gravelly  soil. 

The  "  dunch-pit "  three  furlongs  N.E.  of  Eordham  Church  appears 
to  be  in  the  top  of  the  Chalk-marl,  just  below  the  horizon  of  the 
Tottemhoe  Stone ;  but  we  found  fragments  of  the  stone  near  the 
windmill  three  quarters  of  a  mile  N.N.E.  of  this,  so  that  the  hill  east 
of  the  miU  is  probably  an  outlier  of  grey  chalk  based  on  the  Stone. 

At  Isleham  there  Sire  two  large  quarries,  which  have  been  worked 
for  many  years ;  both  of  these  show  sections  of  the  Tottemhoe  Stone, 
very  like  those  of  BurweU,  but  the  base  is  not  exposed  and  there  is 
no  bed  comparable  to  the  *'  bond  course "  of  that  locality.  The 
beds  seen  in  the  oldest  quarry  south  of  the  church  are : — 

feet 

Soil  and  rubble    2-3 

Finn  greyish- white  ohalk  4-6 

Hard  grey  chalk  mottled  with  darker  grey  in  thin 

beds  and  known  SB  "  the  hards  *'   2-3 

Grey  stone  in  massive  blocks,  seen  for  ..1 '  6 
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The  Tottemhoe  Stone  is  called  "  the  blocks  '*  by  the  quarrymen^ 
and  they  stated  that  these  extend  for  another  6  feet  below  the  level 
then  exposed,  another  course  being  then  reached,  which  they  call 
^'  the  greys,"  and  water  comes  in  at  8  feet  down.  It  would  appear 
therefore  that  the  stone  is  hereabout  12  feet  thick,  excluding  ''  the 
hards,''  which  are  perhaps  more  fitly  classed  with  the  overlying 
chalk  into  which  they  merge.  The  blocky  stone  is  burnt  for  Hme, 
but  is  also  used  for  walling  and  for  small  buildings  when  required. 

The  other  quarry  is  aboat  a  quarter  of  a  mile  east  of  the  church, 
and  exposes  a  rather  deeper  section,  but  without  showing  the  base 
of  the  stone.  At  this  pit  we  were  informed  by  one  of  the  workmen 
that  he  had  found  a  number  of  large  stones  in  a  hole  at  a  depth  of 
22  feet  from  the  surface ;  according  to  his  account  it  was  a  cavity  in 
undisturbed  chalk,  and  the  stones  were  mixed  with  material  like 
rotten  wood  or  decayed  bones.  TVe  came  to  the  conclusion  that  it 
may  have  been  a  stone-laden  mass  of  drift-wood  which  had  sunk  to 
the  sea-bottom  at  this  spot  and  been  imbedded  in  the  Tottemhoe 
Stone. 

The  railway-cutting  by  Isleham  Station  doubtless  traversed  the 
Tottemhoe  Stone,  but  it  is  now  so  grassed  over  that  nothing  is 
visible,. and  the  outcrop  on  the  other  side  of  Ereckenham  Beck  is 
entirely  concealed  by  a  wide  spread  of  gravel. 

The  well  at  the  Isleham  waterworks,  about  half  a  mile  west  of 
Isleham  Station,  gave  a  nearly  complete  section  of  the  Chalk-marl, 
the  details  being  as  follows,  according  to  Mr.  Hook  of  Soham,  who 
made  the  boring : — 

feet. 

Well  sunk  in  Chalk 27 

Bored  in  Cbalk-marl  witb  the  Coprolite-bed  at 

bottom    27 

Bored  in  Gault  for    23 

77 

Crossing  the  river  Lark  by  West-Row  ferry,  we  come  to  the  larg 
quarry  which  has  been  elsewhere  described*,  and  which  i 
remarkable  for  exposing  a  band  of  pink  or  light  red  chalk  simila 
to  one  of  those  which  occur  in  Lincolnshire.  We  need  not  repea 
the  details  of  this  section,  but  may  say  that  the  beds  are  clearly  i 
the  grey  chalk  and  must  be  some  distance  above  the  Totternhoe 
Stone. 

The  "  clunch-pit,"  marked  on  the  Ordnance  map  near  the  words 
*^  Westoru  Bitch,"  is  now  disused  and  turned  into  a  garden ;  but  a 
small  exposure  beneath  the  hedge  shows  brovmish-grey  gritty  stone, 
having  the  appearance  of  Tottemhoe  Stone,  an  identification  which 
WMS  afterwards  confirmed  by  microscopical  examination.  W^e 
followed  the  slight  feature  made  by  the  outcrop  of  this  stone  as  far 
as  Beck  Row,  the  direction  of  the  strike  being  about  N.N.E. ;  but 
beyond  that  place  the  feature  is  completely  obscured  by  the  blown 
sand  which  overspreads  so  large  a  part  of  this  district. 

*  GeoK  Mag.  dec,  iv.  voLi.  p.  74 ;  and  Brit.  Aaeoc.  Rep.  1886,  Sect.  C,  p.  664. 
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On  the  noriJi  side  of  the  Brandon  Eiver,  near  Hockwold  and 
Feltwell,  grey  chalk  is  again  above  the  Een-level,  but  none  of  the 
pits  expose  anything  which  we  conld  identify  as  Tottemhoe  Stone. 
Grey  blocky  chalk  in  which  we  could  not  find  any  fossils,  but  which 
must  be  between  this  horizon  and  the  Melboum  Bock,  is  seen  in  a 
quarry  by  the  main  road  two  furlongs  north  of  Hockwold.  To  the 
westward,  near  Hockwold  Grange,  there  is  hard  blocky  grey  chalk  or 
"  clunch,"  which  appears  to  belong  to  the  upper  part  of  the  Chalk- 
marl.  A  weathered  exposure  of  this  grey  chalk  occurs  in  an  old  pit 
near  the  Grange,  Ammonites  varians  and  Inoeeramus  latus  being  here 
as  abundant  as  in  the  large  quarries  near  Eeach.  At  a  small  lime- 
kiln by  the  road,  three  furlongs  north-east  of  the  Grange,  we  saw 
about  20  feet  of  blocky  grey  chalk,  which  more  resembled  that  above 
the  Tottemhoe  Stone  at  Cherry  Hinton  than  any  part  of  the  Chalk- 
marl,  and  the  only  fossil  found  was  Ammonites  rTiotomagensis,  which 
is  not  common  in  Chalk-marl ;  still  the  distance  between  the  two 
exposures  is  so  small,  and  the  difference  of  level  so  slight,  that  we 
behove  the  latter  to  be  still  in  the  Marl. 

There  is  another  small  pit  by  the  roadside,  north  of  White  Dyke, 
and  in  the  lower  part  of  this  are  some  hard  dark  grey  beds  with 
lumpy  irregular  smfaces,  which  greatly  resemble  the  beds  overlying 
the  Tottemhoe  Stone  at  Isleham  (see  p.  554),  but  we  afterwards 
found  that  similar  beds  appeared  in  the  Chalk-marl. 

South  of  Feltwell  St.  Nicholas,  and  near  the  windmill  marked  on 
the  map,  is  a  quarry  &'om  the  face  of  which  adits  or  tunnels  have 
been  driven,  and  the  following  section  is  exposed : — 

feet. 

4.  Chalky  soil    1 

3.  Ghreyish-white  chalk,  rather  hard 10 

2.  Hard  grey  chalk  in  thin  irregular  beds  mottled 

with  darker  grey  pipings,  about 6 

1.  Softer  and  lighter  blocky  chalk,  seen  for 10 

26 

The  hard  beds  are  like  those  at  White  Dyke,  but  the  chalk  below 
is  certainly  not  Tottemhoe  Stone ;  it  resembles  the  Chalk-marl  of 
Hockwold  Grange,  and  the  comparison  is  confirmed  by  microscopical 
examination.  The  caves  are  excavated  in  this  blocky  chalk,  the 
lower  part  of  the  hard  beds  being  also  removed,  leaving  the  upper 
part  of  the  latter  to  form  the  roof.  If  these  grey  beds  are  the 
same  as  those  of  White  Dyke,  we  must  infer  the  existence  of  a 
fault  to  account  for  their  position  at  Peltwell  on  a  higher  level  and 
more  than  a  mile  eastward  of  the  former  place. 

Small  pits  exist  near  the  edge  of  the  fen  north-west  of  Felt- 
well,  and  near  Methwold  Hithe,  but  do  not  expose  anything  of 
interest. 

In  the  large  quarries  at  Stoke  Ferry  we  were  able  to  identify  the 
representative  of  the  Tottemhoe  Stone,  and  the  underlying  beds 
must  therefore  be  referable  to  the  Chalk-marl.  Of  these  22  feet 
are  exposed,  and  they  consist  of  hard  blocky  dull  white  chalk,  which 


Digitized  by  LjOOQ IC 


556 


nBSBS.  JUKSS-BBOWITB  AJfD  W.  HILL  OK  THB  LOWBB  PABT 


clinks  under  the  hammer,  and  has  a  yellowish  tinge  on  the  weathered 
surfaces  ;  no  one  would  at  first  sight  identify  this  with  the  Chalk- 
marl  of  Gamhridgeshire,  hut  its  position  is  sufficient  proof  of  its 
being  on  the  same  horizon,  and  it  is  similar  to  the  hard  blocky  chalk 
of  Feltwell  and  Hockwold  Grange. 

The  section  exposed  at  Stoke  Ferry  is  as  follows  (fig.  3)  : — 


Fig.  3. — Section  at  Stoke  Ferry ^  partly  seen  in  the  quarry,  and 
partly  proved  by  boring.     (Scale  -^^  inch  to  1  foot.) 


Soil  And  grarel,  about . 


feet. 
4 


<>rey  Chalk 


Tott^mhoe 
Btone  


Hard  whitisb  ohalk  poising  down  into 
grejish  chalk 11 

"Toagh  grey  sandy-looking  obalk  becoming 
harder    below  and   containing  many 

C'*  >wi8h  phoephatic  nodules  near  the 
,  where  it  paases  into  a  whitish 
chalk  mottled  and  patched  with  grey. . .      5 


Hard  whitish  chalk,  without  definite 
beddinff-planes  and  weathering  to  a 
rough  lumpy  flurface  (Ohalk-marl)    ... 


Boring. 
Bubbly  broken  chalk  2 


Chalk-marl 


'  Greyish  shellT  ohalk  in  alternating  harder 

andsofber  beds 14 

The  same  with  buff-coloured  stains  or 

blotches 9 

The  same  as  above,  but  harder 3 


•c 


Softer  irreyish  material  with  mottlings  of  paler 
blaiui-grey 2 

fHard  lig4it  baff-ooloared  ohalk,  shelly,  itreaked 
with  black  (?  oxide  of  manganese)  in  the  lower 
4  feet ~ 5 
Doll  grey  chalk,  rather  shelly,  bat  not  so  haxd       5 


Soft  whitish  marl  with  a  harder  lamp  here  and 
there,  bat  mostly  catting  like  cheese 11 


Olaaoonitic 
marl 


Oaolt. 


{Bather  hard  gre^sh  sandy  marl  with  yellowish 
streaks,  containing  glaaoonite  grains  and 
small  phoephatic  nodmea    2\ 

Stiff  dark-blae  day proved  to        1^ 


Digitized  by  LjOOQ IC 


OF  THB  IJPPBB  ORBTAOEOT78  HT  WBST  BTTFFOLK  Aim  HOBPOLE.      557 

We  think  that  there  can  be  no  doubt  about  this  glauconitic  marl 
being  the  representative  of  the  Cambridge  Greensand  (Chloritic 
Marl)^  and  by  adding  the  thickness  shown  in  the  boring  to  that  of 
the  chalk  between  the  quarry-floor  and  the  base  of  the  Totternhoe 
Stone,  we  get  75|  feet  as  the  total  thickness  assignable  to  the 
Chalk-marl. 

The  Totternhoe  Stone  has  no  definite  top  or  base,  even  the  ^^brassil  "- 
like  line  of  nodules  being  rather  at  the  top  of  the  mottled  band  than 
at  the  base  of  the  grey  chalk ;  this  mottled  band  evidently  consists 
of  two  distinct  kinds  of  material,  and  looks  as  if  it  had  been  originally 
a  layer  of  white  chalk  in  which  pipes  and  hollows  had  been  excavated 
and  filled  up  with  the  grey  material ;  its  depth  is  about  12  inches  ; 
it  and  the  grey  stone  above  split  together  into  large  blocks.  None 
of  the  chalk  in  this  quarry  eidiibits  any  distinct  planes  of  bedding, 
but  the  band  of  Totternhoe  Stone  4s  feurly  conspicuous  on  account 
of  its  grey  colour. 

The  ridge  formed  by  the  hard  beds  of  the  Chalk-marl  and 
Totternhoe  Stone  runs  for  some  distance  beyond  Stoke  Ferry,  its 
strike  being  to  the  N.W. ;  but  near  Wereham  it  is  capped  and 
partially  concealed  by  thick  deposits  of  gravel.  About  a  mile  north- 
west of  Wereham,  and  half  that  distance  from  West  Dereham  Church, 
there  is  a  quarry  exposing  the  following  section : — 

feet. 

Soil  and  chalk-rubble    3| 

Bather  dark  grey  thin-bedded  gritty  chalk    8 

Yellowiflb-grey  marly  chalk  with  many  Teiy  hard 
lumps  on  the  weathered  surfaoe 8  to  12 

The  lower  beds  resemble  the  hard  Chalk-marl  of  Stoke;  but 
though  the  bed  above  had  some  resemblance  to  Totternhoe  Stone, 
there  were  no  signs  of  the  "  brassil  "-like  nodules  which  so  invariably 
occur  near  its  base.  We  think  therefore  that  it  is  probably  one  of 
the  harder  beds  of  the  Chalk-marl  like  those  passed  through  in  the 
boring  at  Stoke. 

At  Crimplesham  the  Chalk-marl  passes  beneath  the  Boulder-clay, 
by  which  it  is  entirely  concealed  for  a  space,  and  the  next  exposure 
seen  was  in  a  small  quarry  at  Shouldham  by  the  roadside  south  of 
the  church.  Here  about  six  feet  of  tough  yellowish-grey  chalk  in 
lumpy  and  irregular  beds  overlie  two  feet  of  soft  grey  shaly  and 
silty  marl,  which  is  full  of  small  green  glauconite  grains  and  con- 
tains many  small  green-coated  phosphatic  nodules ;  Avicula  gry- 
jpihasoides  is  abundant  in  this  glauconitic  marl,  and  we  have  no  doubt 
that  this  bed  is  identical  with  that  found  at  the  bottom  of  the  boring 
at  Stoke.  We  could  not  reach  its  base  on  account  of  the  water 
which  stands  in  the  quarry ;  but  the  standing  water  testifies  to  the 
existence  of  impermeable  clay  below.  Shouldham  itself  stands  on 
the  day  fiat,  which  is,  however,  much  narrower  than  at  West 
Dereham. 

This  Glauconitic  Marl  is  very  similar  to  some  varieties  of  the 
material  which  forms  the  basement- layer  of  the  Chalk-marl  near 

aJ.G.S.  No.  171.  2p 
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Dnnstable  and  TnDg,  beyond  the  soathem  termination  of  the 
Cambridge  Greensand.  In  that  district  the  basement-bed  has  a 
very  variable  composition,  especiaUy  as  regards  the  glanconitic 
ingredient — sometimes  it  resembles  what  is  elsewhere  called  Upper 
Greensand,  sometimes  it  is  a  laminated  calcareous  and  micaceoas 
silt  without  visible  grains  of  glauconite.  Everywhere,  however,  it 
is  characterized  by  the  presence  of  Avicula  gryphmidet,  and  it 
occasionally  contains  small  phosphatic  nodules.  The  principal 
difference  between  specimens  from  Norfolk  and  Bedfordshire  is  that 
micaceous  spangles  are  more  obviously  abundant  in  the  latter,  the 
Bhouldham  bed  being  lighter  in  colour,  as  if  more  purely  calcareous. 

Before  passing  to  the  sections  north  of  Shouldham,  we  may  call 
attention  to  the  fact  that  the  soft  whitish  marl  which  overlies  the 
basement-bed  in  the  Stoke  boring  appears  to  be  absent  at  Shouldham, 
the  hard  buff-coloured  chalk  which  is  seen  at  the  latter  place 
resembling  that  which  is  16  feet  above  the  glanconitic  marl  at 
Btoke.  This  observation  suggests  the  possibility  of  some  16  feet  of 
the  Chalk-marl  having  thinned  out  northwards,  or  having  passed 
into  a  more  purely  calcareous  and  solid  form ;  and  we  think  this 
idea  furnishes  an  explanation  of  the  great  changes  which  take  place 
further  north. 

The  outcrop  of  the  Tottemhoe  Stone  must  emerge  from  beneath  the- 
Boulder-day  somewhere  south  of  Pincham,  and  skirting  the  ridge 
below  Fincham  MUl,  it  doubtless  runs  along  the  slope  which  lies 
on  the  east  side  of  the  road  to  Marham.  We  did  not  notice  any 
traces  of  the  stone  in  this  district,  but  subsequent  experience  in  the 
country  to  the  north  would  lead  us  to  think  the  Tottemhoe  Stone 
would  occur  at  Marham  some  60  feet  below  the  Melboum  Rock, 
which  is  exposed  there,  and  consequently  that  its  outcrop  cannot  be 
far  from  the  church. 

At  the  foot  of  Marham  HiU  a  strong  spring  issues  from  an  horizon 
which  must  be  low  down  in  the  Chalk-marl,  and  a  deep  watercourse 
has  been  cut  for  the  escaping  water  along  the  side  of  the  road  which 
leads  to  the  Turf  Fen.  In  this  ditch,  at  a  point  somewhat  less  than 
a  quarter  of  a  mile  west  of  the  church,  we  found  a  bed  of  Glanconitic 
Marl,  the  microscopical  examination  of  which  proved  it  to  be 
identical  with  that  at  Shouldham  and  in  the  boring  at  Stoke  Ferry. 

No  important  exposure  of  the  Chalk-marl  or  Tottemhoe  Stone 
was  seen  for  some  miles  north  of  Marham,  but  at  Gayton,  in  a 
disused  pit  just  west  of  the  one  in  which  lime  is  still  burnt,  the  chalk 
at  the  base  of  the  exposure  is  hard,  greyish  and  gritty ;  and  as  it 
proved  under  the  microscope  to  contain  green  grains,  it  is  probably 
dose  to,  if  not  actually  the  top  of,  the  Tottemhoe  Stone. 

The  remarkable  change  in  the  lithological  character  of  the  Chalk- 
marl  which  we  have  shown  to  be  gradually  coming  on  as  we 
progress  northward  is  still  more  marked  in  the  exposure  in  a  pit 
about  half  a  mile  N.N.E.  of  Roydon  Church  (for  section  see  p.  550).. 

The  hard,  grey-coloured,  gritty  chalk  seen  here  has  much  of  the 
character  and  appearance  of  Tottemhoe  Stone,  for  which  it  was 
taken  by  Mr.  Whitaker.     Beneath  it  is  creamy-white  material,  very 
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liard,  into  which  the  dark-colonred  gritty  chalk  ahove  is  let  down  by 
pipes  or  mottlings  for  a  foot  or  more ;  becoming  more  yellow  towards 
the  base,  it  passes  into  a  grey-coloured  marly  clay,  which  contains 
Belemnites. 

Bat  the  identification  of  this  clay  with  the  Gault,  and  the  know- 
ledge we  have  gained  from  the  study  of  the  beds  at  this  horizon,  both 
in  this  neighbourhood  and  farther  to  the  north,  shows  that  the  true 
stratigraphical  position  of  the  hard,  grey,  gritty  chalk,  with  the  5  ft. 
of  lighter-coloured  material  beneath  it,  must  be  at  the  base  and  not 
at  the  top  of  the  Chalk- marl. 

We  have  here  a  section  analogous  to  that  seen  immediately  above 
the  Red  Chalk  in  the  cliffs  at  Hunstanton,  viz.  hard,  creamy-white 
limestone  overlain  by  grey  and  gritty  chalk  with  a  layer  of  green- 
coated  nodules  at  its  base,  the  so-called  sponge-  and  InoceramusA)ed3^ 

Though  between  this  hard  chalk  and  the  Gault  the  glauconitic 
bed  of  Stoke  Ferry  and  Shouldham  appears  to  be  wanting,  yet  the 
occurrence  of  Avictda  gryphceoides  at  the  base  of  the  hard-  Chalk- 
marl,  both  here  and  in  the  Grimston  brook,  is  a  palsontological 
link  which  confirms  our  reading  of  the  strata  in  this  area.  The 
lower  part  of  the  hard  Chalk-marl  seen  in  the  banks  of  the  brook  at 
Grimston  and  at  the  Sow's  Head  spring  has  been  described  (see  ante). 

We  recognize  the  equivalent  of  the  Tottemhoe  Stone  in  an  old 
pit  three  quarters  of  a  mile  N.E.  of  Sandringham  Church.  It  is 
here  a  bed  of  hard,  grey,  gritty  stone,  2^  feet  thick,  with  a  layer 
of  green-coated  nodules  at  its  base.  Below  it  passes  abruptly  to 
hard  creamy-white  material,  which  we  refer  to  the  Chalk-marl.  It 
is  overlain  by  rather  hard,  dull,  whitish  chalk,  the  difference  of  colour 
in  the  chalk  above  and  below  the  stone  showing  it  in  some  relief. 

A  fine  exposure  of  the  lowest  part  of  the  Lower  Chalk  occurs  in 
the  parish  pit  of  Dersingham,  and  was  described  by  Dr.  Barrois  in 
1876.  Dr.  Barrels*,  however,  never  assigned  to  the  Tottemhoe 
Stone  its  true  place  in  the  series  ;  he  at  first  supposed  this  stone  to 
be  on  the  horizon  which  we  now  call  the  Melboum  Rock,  and  sub- 
sequently he  was  led  to  regard  it  as  belonging  to  the  very  lowest 
part  of  the  Chalk-marl  f.  Consequently,  when  he  visited  Norfolk 
in  1875,  he  was  quite  unprepared  to  identify  any  representative  of 
the  Tottemhoe  Stone  which  might  there  exist.  No  geologist, 
however,  excels  Dr.  Barrois  in  careful  accuracy  of  observation,  and 
accordingly  we  find  him  recording  a  layer  of  hard,  rolled,  yellowish 
or  greenish  nodules  at  a  certain  horizon  both  in  the  Dersingham 
and  Hunstanton  sections.  Tbis  layer  of  greenish  phosphatic  nodules 
is  identical  with  the  "  Brassil "  of  Cambridgeshire,  and  lies  at  the 
base  of  the  band  of  grey  rock  which  we  identify  with  the  Tottemhoe 
Stone.  At  Dersingham  it  may  be  traced  all  round  the  pit,  though 
the  nodules  are  more  abundant  and  the  layer  thus  more  evident  in 
some  places  than  in  others.  The  band  of  compact  grey  chalk  noticed 
by  Dr.  Barrois  as  occurring  above  this  is  the  Tottemhoe   Stone. 

*  0.  Barroisi  "  Becherches  sur  le  Terrain  Cr^tao6  SupSrieur  de  TAngleterrfr 
et  de  rirlande,"  p.  160  (M6m.  Soc.  (Ho\.  du  Nord). 
t  See  Ann.  Soo.  G^l.  du  Nord,  torn.  iii.  p.  145. 
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Knowing  that  the  base  of  the  Chalk-marl  could  not  be  far  beneath 
the  floor,  a  boring  was  made  to  ascertain  whether  it  rested  on 
Graolt  or  Bed  Chalk.  Below  is  the  complete  section  of  this  ezposnre 
combined  with  the  results  of  the  boring  (fig.  4) : — 

Fig.  4. — Diagram  of  the  section  shown  and  obtained  hy  boring  in 
the  Dersingham  Parish  Chalk-pit.     (Scale  J  inch  to  1  foot.) 

feet 
Soil  and  ohalk-rubble    1 


OreyOhal 


Thin-bedded,    or    plafy,    rather  hard, 
whitish  chalk 16 


Totternho( 
Stone  ... 


Hard,  tough,  gr^-colonred  chalk  in 
massiTe  beds,  a  layer  of  green-coated 
nodules  at  its  base  *  


^ 


Hard  ereamj-white  chalk  passing  down 
into  ^yer  and  parted  bj  jointing  into 
masBiYe  beds  8 


OhaUc-mai 


Boring, 

Hard  chalk,  beooming  grey  and  more 
gritty  downwards,  at  its  base  the  auger 
evidently  passed  through  yellowish- 
n-coated    nodules    (InoceramuS" 


8 


Osolt. 


Canton 


White,  exceedingly  hard,  compact  lime- 
stone (Sponge-bed  of  Hunstanton)  ... 

Softish,  greyish-white  marl  (dries  white) 
passing  abruptly  to 

Pale  yefiowish-buff  material,  hard  and 
compact  at  first,  beoomine  softer  and 
browner,  and  passing  gradually  to  ... 

Moderately  hard,  clayey  marl,  mostly  red 
in  colour,  but  streaked  or  blotched 
with  tawny  brown,  a  sandy  vein  near 
the  bottom 2-2| 

Carstone proved  to    l-lj 


14 
2 


2i-S 


The  section  given  by  Dr.  Barrels  of  this  pit  is  very  similar  to  our 
own,  as  follows : — 

*  Bepresented  too  thick  in  the  cut 
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feet 
Compaot  whitish  or  greyiflh  marly  chalk  with  many  fosBils  ...  12 

Hara  chalk  with  layer  of  nodules  at  base 3 

Hard  white  chalk IJ 

Hard  greyish-white  chalk,  rather  sandy  9 

If  the  above  section  is  compared  with  that  of  the  Hunstanton 
cliff  on  page  562,  the  analogy  between  them  is  seen  to  be  very 
striking.  In  both  cases  we  have  the  same  descending  order  of 
succession,  viz.  grey  chalk,  hard  grey  Tottemhoe  Stone  with  a  layer 
of  green-coated  nodules  at  its  base,  overlying  hard  creamy-white 
Chalk-marl,  which  passes  down  into  the  greyer  and  more  gritty 
Inoceramus-hed ;  beneath  this  the  whiter  and  more  compact  spouge- 
bed  rests  in  the  one  case  on  the  Gault,  and  in  the  other  on  the  Red 
Chalk. 

The  section  shown  in  the  pit  about  half  a  mile  S.E.  of  the  church 
at  Snettlsham  is  almost  identical  with  the  last,  as  follows  : — 

feet. 

Soil  and  rubble    1 

Grev        r  Bather  hard  chalk,  dull  white  weathering  in  platy 

Chalk.       1      layers 8 

Tottemhoe    f  Hard,  greyish,  massively  bedded  chalk,  with  an  ill- 

\     defined  layer  of  green-coated  nodules  at  its  base    2^ 
'  Hard,  creamy -white  chalk  passing  down  into  greyer 
and  more  gritty  material,  the  whole  divided  by 
joiuting  into  massive  beds 15 

We  again  recognize  as  the  Tottemhoe  Stone  the  massively  bedded 
layer  which  is  a  prominent  feature  in  the  face  of  the  pit. 

At  the  large  quarries  at  Heacham  the.  Tottemhoe  Stone  is  again 
exposed  as  a  bed  of  hard,  grey,  flaggy  chalk  with  green-coated  nodules 
at  its  base.  If  anything,  the  underlying  Chalk-marl  is  of  a  purer 
white,  showing  up  the  darker  grey  stone  in  relief.  Hardly  so  much 
of  the  marl  below  it  is  shown  as  in  the  preceding  exposures ;  but  its 
thickness  cannot  be  great,  for  the  outcrop  of  the  Bed  Chalk  is  seen  at 
the  entrance  of  the  pit.  The  pit  is  worked  in  two  sections,  an  upper 
and  lower ;  the  whole,  which  shows  a  coutinuous  section  of  the  Lower 
Chalk,  is  given  on  page  570.     The  section  of  the  lower  part  is : — 

feet. 

Soil    1 

Grey  chalk    about  30 

Tottemhoe    f  Bather  dark-grey,  hard,  gritty,  chalk  with  green- 
Stone.       \     eoated  nodulee  at  its  base  2 

Chalk-marl.    Hard  creamy-white  Chalk-marl seen  for  12 

The  final  exposure  of  the  whole  of  the  Chalk-marl,  with  the 
Tottemhoe  Stoue  and  basal  part  of  the  Grey  Chalk,  can  be  seen  in  the 
cliffe  at  Hunstanton.  The  section  (fig.  5)  was  taken  a  little  to  the 
north  of  the  lighthouse. 

The  Tottemhoe  Stone  is  seen  coming  in  with  the  gradual  inclination 
of  the  beds  a  little  to  the  south  of  the  lighthouse.  It  forms  a 
marked  feature  in  the  cliff  face,  its  dark  grey  colour  contrasting  with 
the  material  above  and  below  it.  Except  at  one  point  it  cannot  be 
reached.  Here  the  green-coated  nodules  can  be  seen  at  its  base ; 
they  can  also  be  detected  in  fallen  blocks,  which  may  be  known  by 
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their  dark  colonr  and  by  their  compact,  even,  though  somewhat 
gritty  texture,  compared  with  the  rough  unevenly  sorted  material  of 
the  Inoceramtii-hed, 

Fig.  5. — Section  of  Cliff  near  the  Lighthouse  at  Hunstanton. 
(Scale  ^  inch  to  1  foot.) 
~  feet 

Soil  and  chalk-rubble  2 

-      ^,  ,,                                     Thin-bedded  chalk  with  Bome  indefinite 
Grey  Chalk.  marly  banda  near  its  boae   9 

Totternhoe  Dark  grey  chalk,  hard  and  gritty 2 

Stone  


Hard  creamy-white  chalk   13 

poasing  gradually  into 


Ohalk-nutfL 


Oaolt. 


Cantone 


Hard  grey  and  Tery  gritty  chalk  contain- 
ing green-coated  nodules,  which  form  a 

layer  at  its  base  {Ltoceramus-bediB) 4 

Hard  white  chalk=**  the  Sponge-bed  " ...  1( 

Bed  chalk 3 

Ferruginous  sandstone    seen  4 


The  Chalk-marl  presents  no  different  characters  from  those  already 
described ;  it  may  be  seen  passing  into  the  greyer  and  coarsely  gritty 
Inoc^ramus-hed,  which  contains  green-coated  nodules,  sparingly 
distributed  at  first,  but  forming  a  Brassil-like  layer  at  its  base. 

As  already  mentioned,  Dr.  Barrois  noted  the  occurrence  of  the 
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hand  of  nodules  beneath  the  Totternhoe  8tone^  but  he  failed  to 
recognize  the  true  horizon  of  the  latter,  oorrelatiug  that  stone  and 
the  overlying  beds  with  his  zone  of  Belemnites  plentu.  The  list  of 
fossils  which  he  gives  as  obtained  from  these  beds  shows  an  assem- 
blage wbich  might  have  been  obtained  from  the  Totternhoe  Stone  of 
Burwell  or  Cherry  Hinton. 

In  1880  one  of  us  suggested  that  the  Inoc&ramwt-hedB  might  be 
the  representative  of  the  Totternhoe  Stone,  thinking  that  the  whole 
of  the  Chalk-marl  must  have  thinned  out  between  Cambridge  and 
HuDstanton,  and  not  imagining  that  it  could  have  passed  into  such 
hard  chalk  as  that  which  forms  the  lower  part  of  the  Hunstanton 
section.  The  recognition  of  the  Totternhoe  Stone  above  the  hard 
Chalk-marl  of  Stoke  Ferry  and  the  discovery  of  similar  stone  in  a 
similar  position  at  many  intervening  localities  have,  however,  con- 
vinced us  that  the  Lwceramus-heds  lie  below  the  real  representative 
of  the  Totternhoe  Stone, 

The  white  nodular  limestone  (so-called  Sponge-bed)  which  directly 
overlies  the  Red  Chalk  is  about  a  foot  and  a  half  thick,  and  sepa- 
rates readily  from  the  beds  above  and  below;  the  inequalities 
between  its  under  surface  and  the  Ked  Eock  are  filled  with  a  deep- 
red,  nodular,  ferruginous  material,  which  Dr.  Johnstone  informs  us 
consists  largely  of  peroxide  of  iron.  We  think  there  can  be  little 
doubt  that  this  white  limestone  is  the  same  bed  as  that  overlying 
the  marly  Upper  Gault  at  Grimston,  Eoydon,  and  Dersingham, 
its  character  and  thickness  at  the  last-mentioned  locality  being  just 
the  same  as  at  Hunstanton.  The  great  importance  of  this  identi- 
fication has  already  been  indicated  (p.  552),  and  will  be  more  fully 
discussed  in  the  sequel. 

The  Red  Rock  below  is  certainly  divisible  into  two  portions  or 
layers,  if  not  into  three,  as  under : — 

3.  Hard  lumpy  reddish  chalk,  or  mottled  red  and  white. 
2.  Rough,  nodular,  red  limestone  passing  down  into 
1.  Deep  red  gritty  rock,  softer  at  the  base. 

The  commonest  fossils  in  1  and  2  are  Belemnites  minimus  and 
Terebratula  biplicata^  in  3  Exogyra  Mauliniayia  and  broken  shells  of 
Inocerami,  For  further  details  respecting  this  well-known  rock  we 
may  refer  our  readers  to  Mr.  Wiltshire's  paper  (Quart.  Joum.  GeoL 
6oc.  vol.  XXV.  p.  185). 

C.  Zanes  of  Holaster  subglobosus,  Belemnitella  plena, 
and  RhynchoneUa  Cuvieri. 

In  Cambridgeshire  the  chalk  which  overlies  the  Totternhoe  Stone 
•presents  the  following  succession  in  descending  order : — 

feet. 

Base  of     f  Bough,  nodular,  shelly  chalk 40 

Sandy,  yellowish,  nodular  rock  in  thick  beds  (Mel- 

boumRock) about  8 

^  Shaly  marls  enclosing  band  of  bard  white  chalk 

(zone  of  Bel.  plena) 4 

^^^       <  Firm  white  chalk  passing  down  into  whitish  chalk, 

cn&LK.  which  changes  rapidly  into  next  50 

^Grey  chalk,  blocky  and  fine-grained 30 


Middle 
Ohalk. 

Xx)wer 
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Part  of  the  abore  snccession  can  be  seen  in  the  qnarries  at 
Swa£fham  Bulbeck,  west  of  Newmarket,  but  there  are  no  good 
exposures  north  of  Newmarket.  When  the  Bory  and  Soham  rail- 
way was  being  made,  in  1879,  Mr.  Whitaker  recognized  the 
Melbonm  Eock  and  its  underlying  bands  of  shaly  marl  (zone  of  Bel. 
jpleiia)  in  one  of  the  cuttings  south-west  of  Snailwell ;  and  it  is  pro- 
bable that  the  springs  which  rise  below  the  church  at  SnailweU  issue 
from  the  Melboum  Bock. 

The  outcrop  of  the  Melboum  Bock  is  an  important  line  to  trace, 
because  it  fixes  the  uppermost  limit  of  the  Lower  Chalk  and  the 
base  of  the  Middle  Chalk.  It  probably  runs  through  Chippenham 
Park,  and  then  passes  beneath  the  great  spread  of  Yalley-gravel 
which  lies  between  Chippenham  and  Kennet ;  north  of  Kennet  the 
country  is  covered  by  blown  sand,  but  near  Worlington-Heath  farm 
there  is  a  pit  exposing  the  lower  beds  of  the  zone  of  Bhynch.  Cvvi^ri 
and  what  seems  to  be  the  topmost  bed  of  the  rock  itself.  The  section 
was  as  follows : — 

feet. 

GniTelly  Boil  and  rubble 4 

Hard,  nodular,  whitish  rock  in  thin  beds,  full  of 
Inoceramtis  mytiloide^  and  Bhynch.  Cuvieri 4 

Thin  seam  of  greenish-grey  marl. 

Hard  nodular   rocky  chalk,  white  with    greenish 
matter  between  the  lumpe  (no  fossils) 3 

Talus  hiding  chalk  below   4 

The  beds  appear  to  have  a  slight  dip  due  east. 

The  gravel  which  forms  such  an  extensive  tract  between  Fresk- 
enham  and  Worlington  seems  to  be  banked  against  the  ridge  formed 
by  the  outcrop  of  the  Melboum  Bock,  and  this  will  account  for  the 
sudden  emergence  of  the  Chalk  from  beneath  the  gravel  plain.  The 
rock  is  again  seen  in  the  cutting  on  the  new  railway  to  Mildenhall, 
just  south  of  Worlington  House,  and  it  appears  to  have  been  formerly 
quarried  by  the  side  of  the  main  road  N.£.  of  that  house. 

On  the  north  side  of  the  river  we  could  not  find  any  trace  of  it, 
the  large  quarries  at  West  Bow  being  opened  in  the  grey  chalk, 
which  here  contains  a  remarkable  band  of  reddish  chalk ;  the  details 
of  this  section  have  been  given  elsewhere  *,  and  need  not  be  repeated 
here. 

Mildenhall  itself  stands  on  the  hard,  sheUy,  yellowish  chalk  of  the 
zone  of  Rhyiichonella  Cuvieri,  chalk  of  this  description  and  containing 
that  fossil  together  with  Inoceramus  mytiloides  and  Eehinoconus 
suhrotundus  being  exposed  in  a  small  pit  at  the  east  end  of  the 
town. 

The  chalk  by  the  roadside,  a  mile  and  a  quarter  north-west  of 
Mildenhall^  appears  to  be  the  white  blocky  chalk  which  forms  the 
upper  portion  of  the  zone  of  ffolaster  suhglohosus,  and  the  outcrop 
of  the  Melboum  Boi*k  must  therefore  sweep  round  the  western  and 
northern  sides  of  the  town  to  the  south  end  of  the  long  inlet  of  fen- 
land  which  rans  by  ErisweD.    All  the  exposures  which  we  could 

*  Brit  Assoc.  Bep.  1886,  and  Geol.  Biag.  dec  iii.  voL  It.  p.  24. 
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find  along  the  eastern  side  of  this  fen  are  ahove  the  horizon  of  the 
rock ;  thus  an  old  pit  hy  the  side  of  the  main  road,  five  furlongs 
S.E.  of  Eriswell  Church,  shows  chalk  with  many  fragments  of  Inxh- 
eeramus  mytiloidts;  this  we  regard  as  high  up  in  the  zone  and 
consequently  at  some  80  feet  ahove  the  hase  of  the  rock ;  the  pit 
itself  may  be  about  26  feet  above  the  level  of  the  fen,  so  that  the 
outcrop  of  the  rock  is  probably  just  at  the  edge  of  the  fen  near 
Eriswell,  a  position  which  it  appears  to  hold  for  some  distance 
northward,  as  far  as  Lakenheath. 

The  lowest  exposure  we  could  find  near  Eriswell  was  in  a  small 
pit  about  a  mile  north  of  that  place,  where  we  found  hard  chalk 
containing  Bhynckonella  Ouvieri  and  Inoceramua  mytiloides;  this 
cannot  be  far  above  the  Eock.  Beyond  this  the  country  is  deeply 
covered  with  blown  sand. 

At  Lakenheath,  north-east  of  the  church,  there  is  an  extensive 
quarry  exposing  about  30  feet  of  hard  lumpy  or  nodular  chalk 
which  clearly  belongs  to  the  zone  of  Bhynckonella  Guvieri,  It  bears 
a  striking  resemblance  to  the  chalk  of  the  same  zone  exposed  in  the 
quarry  and  rail-cutting  north  of  Goring  in  the  valley  of  the  Thames ; 
the  weathered  faces  present  a  rubbly  appearance  with  large  lumps 
of  harder  rock  standing  out  here  and  there,  but  not  forming  any 
continuous  bed ;  Echinoconus  sttbrotundtts  was  fairly  common,  but 
other  fossils  were  not  abundant  except  at  the  lowest  level  near  the 
entrance,  where  harder  and  more  regularly  bedded  nodvlar  yellowish 
chalk  is  exposed,  full  of  Inoceramus  mytiloides,  and  like  that  which 
always  overlies  the  Melboum  Eock.  The  workmen  informed  us- 
that  a  few  feet  below  the  floor  of  this  excavation  they  were  stopped 
by  water,  so  that  here  the  rock  appears  to  be  below  tiie  level  of  the 
adjacent  fenland,  which  is  only  about  300  yards  from  the  entrance 
to  the  quarry. 

More  than  two  miles  N.N.E.  of  Lakenheath  and  a  little  way 
south  east  of  the  railway-station  there  is  a  small  pit  close  to  the 
edge  of  the  fen,  which  we  did  not  visit,  but  in  which  Mr.  Whitaker 
subsequently  found  Inoceramus  mytiloides  and  Echinoconus  sub- 
rotundus,  so  that  it  is  doubtless  in  the  same  beds  as  the  large  quarry 
at  Lakenheath. 

Crossing  the  alluvium  of  the  Brandon  river  we  find  ourselves  on 
Lower  Chalk,  as  already  mentioned ;  and  though  the  ridge  above 
Hockwold  is  doubtless  partly  due  to  the  outcrop  of  the  Melboum 
Rock,  we  could  not  discover  any  actual  evidence  of  its  existence, 
the  only  quarry  near  Hockwold  (three  furlongs  north  of  the  church) 
being  in  Grey  Chalk. 

On  the  Feltwell  side  this  ridge  sinks  down  into  an  undulating 
plateau,  the  natural  features  of  which  are  masked  by  a  drift  of  blown 
sand,  and  no  pits  have  been  opened  along  the  course  of  the  zone  we 
have  been  following ;  but  at  Feltwell  St.  Mary,  in  a  dry  pond  by 
the  roadside,  a  quarter  of  a  mile  N.E.  of  the  church,  we  found  a 
small  exposure  of  pink  chalk  weathering  yellow  and  exactly  like 
that  of  West  Bow  ;  below  it  was  a  course  of  very  hard  nodular  rock 
overlying  soft  whitish  chalk,  so  that  the  agreement  between  the 
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two  exposures  s  remarkable,  althongh  they  are  ten  miles  apart. 
We  may  fairly  assume  that  this  red  band  and  its  associated  strata 
are  continuous  across  the  intervening  space ;  and  though  we  saw  no 
traces  of  it  further  to  the  north,  it  is  very  likely  to  extend  as  far  as 
Methwold,  and  might  be  discovered  by  a  careful  search  over  the 
fields  west  of  that  village. 

At  Methwold  itself  (south-east  of  the  church)  there  is  a  large 
quarry  nearly  40  feet  deep  and  exposing  the  hard  rocky  chalk  of  the 
BhynchoneUa-Ouuieri  zone,  overlain  on  the  western  side  by  about  12 
feet  of  stratified  sand  and  gravel.  At  the  north  end  there  is  less 
gravel,  and  the  section  is  as  follows : — 

feeU 

Soil,  gravel  and  disturbed  chalk 4 

Hard  lumpy  chalk  with  two  thin  bands  of  greyish 

marl  at  the  base    8 

Hard,  yellowish,  nodular  chalk  with  Rhynch,  Cuvieri 
and  other  fossils  25 

37 

At  the  base  a  hole  cleared  of  talus  showed  very  hard,  nodular, 
yellowish  rock  with  fragments  of  Inoceramus  myUloides,  which  greatly 
resembled  the  upper  part  of  the  Melboum  Eock  of  Cambridge  and 
Hertfordshire. 

From  this  exposure  it  is  evident  that  the  outcrop  of  the  Melboum 
Bock  runs  not  far  to  the  westward  of  Methwold,  and  must  sweep 
round  into  the  valley  which  lies  to  the  north  of  the  village.  Thence 
it  runs  north-westward  towards  Whittington,  forming  a  well-marked 
ridge  which  crosses  the  main  road  about  a  mile  south-east  of  Whit- 
tington ;  a  little  beyond  this  point  and  by  the  roadside  is  a  quarry 
in  hard,  yellowish,  nodular  chalk  like  that  seen  at  Methwold,  and 
containing  most  of  the  same  fossils. 

To  the  north  of  Whittington  is  another  quarry,  which  exposes  the 
base  of  the  Melboum  Rock  and  its  junction  with  the  underlpng 
beds ;  the  section  is  therefore  of  much  importance,  inasmuch  as  it 
IS  the  first  quarry  in  Norfolk  exposing  this  horizon,  and  its  distance 
from  the  last  exposure  of  the  zone  of  Bel.  pUna  is  not  less  than  20 
miles.    The  beds  exposed  here  are : — 

feet. 

Gravelly  soil  and  rubble 3  to  4 

Hard,  whitish,  rough  and  rockj  chalk,  weathering 

into  nodular  lumps  (Melboum  Bock)  7 

Band  of  buff-coloured  marl  enclosing  loose  lumps  or 

nodules  of  hard  chalk 1} 

Very  hard,  white,  lumpy  chalk,  breaking  with  Tertical 

joints  (about  3  feet),   passing  down  into  hard 

blocky  white  chalk  15 

about  27 

The  lowest  beds  have  a  greyish  tinge,  probably  from  moisture,  but 
would  doubtless  dry  white ;  tiiese  white  blocky  beds  are  comparable 
to  the  upper  part  of  the  Lower  Chalk  seen  at  Swafiham  Prior  and 
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Cherry  Hinfcon  in  Cambridgeshire,  but  they  pass  up  into  a  rock 
which  is  much  harder  and  lumpier  than  any  part  of  the  Lower  Chalk 
in  Cambridgeshire.  The  overlying  band  of  marl  is  doubtless  the 
attenuated  representative  of  the  zone  of  Bdemnitella  plena,  though 
its  aspect  is  considerably  different  from  that  of  its  typical  develop- 
ment. There  is  no  clear  separation  into  two  layers,  its  upper  surface 
is  not  BO  clearly  defined  as  in  Cambridgeshire,  and  its  total  thickness 
is  very  much  less ;  the  only  fossils  we  could  find  in  it  were  Terebratula 
semiglobosa  and  Rhynchotxella  plicatilis,  the  latter  being  abundant 
and  the  same  variety  of  that  species  which  is  characteristic  of  the 
zone  in  Cambridgeshire  and  elsewhere. 

The  valley  between  Whittington  and  Stoke  Ferry  possibly  coin- 
<sides  with  a  line  of  fault,  for  the  ridge  on  the  Stoke  side,  which 
should  be  a  continuation  of  the  Whittington  outcrop,  consists  of 
Chalk-marl  and  Totternhoe  Stone.  The  outcrop  of  the  Melboum 
Eock  appears  to  be  thrown  back  to  the  eastward,  and  emeiges  from 
under  the  alluvium  near  Oxborough,  but  little  is  seen  of  it  for  some 
distance.  In  an  old  pit  by  the  roadside,  near  the  windmill  north 
of  Oxborough  Fen,  we  found  lumps  of  hard  yellowish  chalk  con- 
taining BhynchoneUa  Cuvieri  and  Inoceramus  mytihidesj  evidently 
belonging  to  chalk  not  far  above  the  Melboum  Eock. 

Thence  there  is  a  feature  running  northward  along  the  border  of 
Barton  Fen,  and  then  westward  to  a  pit  about  half  a  mile  south  of 
Barton  Bendish  :  here  the  base  of  the  Melboum  B.ook  is  again  seen, 
together  with  some  30  feet  of  the  underlying  chalk.  At  the  north- 
east comer  the  section  is  : — 

-  feet 
Thin  Boil,  with  hard  nodular  chalk  below  weathered  into  rough 

lumpB    4 

Tellowish,  gritty,  rough,  and  nodular  chalk,  paBsing  down  into 

whiter  n^ular  chalk,  which  becomes  soft  and  marly  below 1( 

Very  hard,  rough,  white  chalk  (about  8  feet),  passing  down  into 

greyish-white  chalk,  which  breaks  into  bloclu  with  a  smoother 

fracture 12 

Talus  below. 


The  west  end  of  the  quarry  is  entirely  in  the  greyish  chalk, 
which  contains  a  hard  rocky  band ;  it  is  thick-bedded,  and  has  a 
slight  dip  eastward.  The  marl  band  contained  MhynchoneUa  plica^ 
tilts,  as  at  Whittington. 

At  Marham  lime-kiln,  two  miles  further  north,  there  is  a  similar 
section,  showing  about  6  feet  of  the  Melboum  Rook  overlying  the 
yellow  marly  band ;  the  rough  white  chalk  below  is  so  hard  that  it 
stands  out  prominently  in  the  weathered  face  and  overhangs  the 
blocky  greyish  chalk  into  which  its  lower  part  passes.  The  yellow 
band  at  the  base  of  the  rock  consists,  in  the  upper  part,  of  loose, 
yellow,  rocky  chalk,  and  in  the  lower  of  yellowish  marly  chalk 
and  grey  marl.  At  the  north  end  of  the  quarry  there  is  a  marked 
band  of  hard  nodular  rock  at  the  base  of  the  hard  white  chalk ;  but 
this  seems  to  disappear  southwards. 
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A  little  north  of  this  quarry  are  two  cottages ;  and  we  are 
informed  by  the  Rev.  H.  J.  Sharpe,  Vicar  of  Marham,  that  a  well 
was  snnk  here  some  years  ago  to  a  depth  of  85  feet,  day  being 
touched  at  that  depth  and  bored  into  for  about  SO  feet.  The  water- 
supply  runs  short  in  dry  seasons,  and  is  probably  therefore  derived 
from  the  Chalk,  the  bore  not  having  been  carried  far  enough  to 
reach  the  Lower  Greensand.  As  the  cottages  are  very  little  below 
the  level  of  the  Melboum  Rock,  we  may  estimate  the  thickness  of  the 
Grey  Chalk,  Tottemhoe  Stone,  and  Chalk-marl  together  here  as 
about  90  feet,  which  is  probably  from  30  to  40  feet  less  than  their 
combined  thickness  at  Stoke  Perry. 

Another  large  quarry  at  Marham,  south-east  of  the  church,  shows 
an  exact  counterpart  of  the  section  at  the  first  quarry,  and  calls  for 
no  especial  remark. 

Prom  Marham  the  Melboum  Rock  can  be  followed  along  the 
ridge  on  which  its  outcrop  occurs,  the  rock  itself  being  shown  in 
one  small  exposure  about  two  miles  to  the  north  of  the  preceding. 
Beyond  this,  though  we  are  able  to  follow  it  by  the  character  of 
the  chalk  and  its  contained  fossils,  the  features  usuaUy  formed  by 
its  outcrop  may  be  said  to  be  lost.  The  thinning-out  and  gradutd 
hardening  of  the  Lower  Chalk  in  West  Norfolk,  as  well  as  the 
severe  gladation  to  which  this  county  must  have  been  exposed,  may 
account  for  this.  The  outcrop  of  the  Grey  Chalk  is  much  hidden 
beneath  Boulder-clay  or  spreads  of  gravel,  but  several  good  sections 
occur. 

About  a  mile  south-east  of  Narborough  Station,  hard  rubbly  chalk 
is  seen  in  an  excavation,  made  probably  to  obtain  material  for  the 
railway.  The  exposure  is  much  overgrown  ;  but  the  character  of 
tlie  chalk  indicated  a  close  approach  to  the  Rock. 

In  a  pit  half  a  mile  south-east  of  Narborough  church,  hard 
whitish  chalk,  similar  to  that  lying  immediately  below  the  Rock, 
was  exposed. 

Beyond  the  valley  of  the  Nar  are  several  pits  in  the  chalk,  but 
all  above  the  Melboum  Rock ;  a  little  below  them  a  slight  ridge 
may  possibly  indicate  its  outcrop.  We  are  able  to  identify  it  again 
in  an  old  pit  close  by  the  church  at  Gaytonthorpe,  hard,  yellowish, 
nodular  chalk,  with  a  rough  fracture,  being  exposed.  A  large 
Ammonite,  closely  resembling  in  form  and  state  of  preservation 
specimens  from  the  Melbourn  Rock  of  Hertfordshire  and  Cam- 
bridgeshire, was  found  here. 

A  good  exposure  of  the  lower  part  of  the  Grey  Chalk  occura  at 
Gayton.  As  is  frequently  the  case  in  Norfolk,  this  pit  is  worked  in 
two  parts,  an  upper  and  lower,  which,  though  separated  by  a  consider- 
able interval,  yet  form  a  continuous  section.  The  chalk  seen  here  is 
not  of  the  same  character  throughout ;  it  is  rather  darker  grey  at  the 
base,  and  overlying  this  is  a  harder,  more  massively  bedded  layer, 
not  unlike  that  lying  beneath  the  Red  Chalk  at  West  Row.  Above 
this  the  chalk  is  whiter,  thinly  bedded,  weathering  in  thin  platy  or 
flaggy  pieces. 
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The  section  is  : — 

Upper  Pit.  feet 

Soil  and  rubble    1 

Thin-bedded,  rather  tough  chalk,  dull  white 20 

Lower  Pit, 

Bubble 1 

Firm-bedded  white  chalk  12 

Hard  chalk,  rather  roueh,  parting  along  greenish 

marly  lines,  massiyely  bedded  2J 

Massively  bedded,  greyish,  marly  chalk  12 

Beyond  Gayton  a  slight  ridge,  more  or  less  marked  by  spreads  of 
gravel  and  nowhere  a  pronounced  feature,  continues ;  and  near  its 
summit,  at  Ghrimston,  about  half  a  mile  south-east  of  the  churchy  an 
old  pit  showed  very  hard  and  rough  yellowish  chalk  at  the  top,  with 
rather  hard,  but  smooth,  white  chalk  beneath  it.  Microscopical 
examination  proves  the  hard  yellow  chalk  to  be  the  Melboum  Rock. 

An  excellent  exposure  of  the  upper  part  of  the  Grey  Chalk  occurs 
at  Hillington,  in  a  large  pit  in  which  the  chalk  is  quarried  for  lime- 
burning.   As  usual,  the  pit  is  in  two  sections,  which  are  as  follows : — 

Upper  Pii,  feet. 

Soil  and  rubble-chalk 1 

Thin-bedded,  platy  chalk,  hard,  and  much  stained 
with  yellowish;  a  thin  band  of  buff-coloured  marl 
•  the  top 19 


Lower  Pit. 

Whitish,  thin-bedded  chalk   4^ 

Thin,  but  persistently  yellowish-buff  marly  band. 

Hard,  massively  bedded,  whitish  chalk   4 

Bedded  chalk,  dull  white,  with  greyer-coloured  beds 
or  bands   10 

The  chalk  in  the  lower  part  of  this  pit  divides  into  rather  massive 
blocks  along  joints  or  veins  of  greenish-grey  material,  not  unlike 
that  seen  in  the  partings  of  the  Melboum  Rock.  Overlying  this, 
and  a  marked  feature  in  the  pit-face  from  its  massive  appearance 
and  thick  bedding,  is  a  layer  of  whitish  chalk,  which  breaks  with  a 
clean  fracture,  and  is  in  appearance  and  structure  like  the  firm 
white  chalk  which  we  have  noted  as  underljang  the  Melboum  Rock 
at  varying  distances  in  Hertfordshire,  Cambridgeshire,  &c.  The  top 
of  this  exposure  cannot  be  far  below  the  Melboum  Rock.  The 
higher  thin  band  of  buff-coloured  marl  may  be  the  attenuated  repre- 
sentative of  the  Belemnite-marls  of  Hertford  and  Cambridge. 

In  the  railway-cutting  just  north  of  Hillington  Station,  hard, 
yellowish  chalk,  with  rough  fracture  and  full  of  fragments  of  Inoce- 
romuf-shells,  was  seen.  This  is  probably  just  above  the  Rock ; 
proceeding  up  the  cutting,  the  chalk  gradually  became  whiter,  less 
shelly,  and  not  so  bard. 

It  may  be  noted  here  that,  for  a  considerable  thickness,  the  base 
of  the  Middle  Chalk  of  Norfolk  is  extremely  hard,  a  peculiarity 
which  probably  extends  through  the  zone  of  Bhynchonella  Cuvieri, 
as  at  Dover. 

The  outcrop  of  the  Melboum  Rock  probably  follows  the  contour 
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of  the  wide  transverse  valley  lying  between  Hillingdon  and  West 
Newton,  at  which  place  there  are  two  good  sections  in  the  Grey 
Chalk,  though  they  show  nothing  worthy  of  note. 

A  few  feet  of  the  base  of  the  Grey  Chalk  may  be  seen  overlying 
the  Tottemhoe  Stone  at  Sandringham  and  Dersingham.  A  large 
pit  in  the  central  part  of  it  occurs  at  Ingoldsthorpe,  and  its  base  ia 
again  seen  in  the  pit  at  Snettisham. 

Hard,  yellowish,  nodular  chalk,  but  little  above  the  Rock,  is  seen 
less  than  a  quarter  of  a  mile  north  of  the  church  of  Sherborne,  in 
a  small  exposure  by  the  roadside  and  just  by  an  old  quarry,  the 
sides  of  which  are  now  overgrown  and  its  floor  cultivated.  Dr, 
Barrois  says  that  in  this  quarry  he  could  recognize  the  hard  nodular 
bed  (t.  e,  the  Melboum  Rock)  which  throughout  England  occurs  at 
the  base  of  bis  zone  of  Inoceramus  lahiattis.  His  list  of  fossils  gives 
those  most  common  at  this  horizon. 

The  Melboum  Rock  is  well  exposed  in  the  upper  part  of  the 
large  quarry  at  Heacham.  It  is  seen  here  £is  a  very  hard,  yellowish, 
nodular  rock,  with  rough  fracture,  massively  bedded,  and  about 
six  feet  thick.  Ehynehonella  Cuvieri,  Echinoeonus  subrotundus,  and 
£,  castanea^  with  Inoceramus  mytiloides^  occur. 

It  is  much  weathered,  and  splits  along  greenish  marly  veins  in 
thin  platy  pieces,  with  a  very  rough,  nodular,  and  uneven  surface. 
The  base  is  clearly  marked,  but  it  rests  directly  on  hard  white  chalk 
without  the  intervention  of  a  marl-band  ;  there  is,  however,  a  thin 
layer  of  buff-coloured  marl  in  the  white  chalk,  about  one  foot  below 
the  base  of  the  Melboum  Rock,  and  a  second  is  seen  near  the  top 
of  the  lower  pit.  These  bands  are  similar  to  those  at  HiUingdon, 
where  they  probably  occupy  the  same  position  with  regard  to  the 
Rock  as  they  are  seen  to  do  in  this  case. 

The  Lower  Chalk  weathers  into  thin  platy  pieces,  with  a  more 
even  surface  and  fracture,  which  contrasts  with  the  rough  nodular 
surface  of  the  Melboum  Rock. 

The  entire  section  of  both  upper  and  lower  pit  is  as  follows : — 

Upper  Pit,  feet. 

Bough,  thin-bedded  chalk  and  soil   3 

Hard,  yellowiBh,  nodular  rook,  masrirely  bedded  6 


Melbourn 
Book. 


Grey 

Chalk. 


''Thin-bedded,  hard,  rather  rough,  whitish  ohalk  in  two 

oouTBes,  separated  by  a  thin,  buff-coloured,  marly  band  .    2 
Thin-bedded,  hard,  wfaatifih  ohalk ;  base  obscured  by  talus    3-4 


Lower  PU. 
Thin-bedded,  platy  chalk,  becoming  more  massirely  bedded 
in  its  lower  part,  but  not  equally  so ;  a  marly  band  near 

the  top 30 

Totternhoe  I  Bather  dark-grey  gritty  chalk,  with  green-coated  nodules 

Stone.      1     atitsbase 2 

Cbalk-marL    Hard  creamy-white  chalk-marl seen  for  12 

It  will  be  seen,  therefore,  from  the  section  given  above  of  both 
the  upper  and  lower  parts  of  Heacham  quarries,  that,  with  the 
exception  of  two  or  three  feet  of  Chalk-marl,  the  whole  of  the 
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Lower  Chalk  of  North-west  Norfolk  is  here  exposed,  and,  like  all 
the  lower  divisions  of  the  Upper  Cretaceous  Series,  it  has  thinned 
out,  in  a  most  remarkahle  manner,  from  about  150-160  feet  at 
Cambridge  to  less  than  60  feet  at  this  point. 

In  the  coombe  a  little  to  the  north-east  of  the  farm  at  Barret  Ring- 
stead  there  is  a  good  exposure  of  the  Melbourn  Eock.  It  presents 
the  same  massive  appearance  as  at  Heacham.     The  section  is : — 

feet 

Soil  and  hard  rubbly  broken  chalk   6 

Hard,  rough,  creamy-wliite  ohalk 3 

Melbourn   f  Yery  hard,  rough,  yellowish,  nodular  rock  in  two  ma8Bi?e 

Eock.      \     beds  7 

Grev        f  Thin-bedded  chalk,  dull  white  in  colour,  weathering  into 

chai.   '  ^^^''^u^H^ fe:,- uvi: ^l 

[More  thickly  bedded  grey  chalk    4 

It  only  remains  to  note  that  9  or  10  feet  of  Grey  Chalk  are- 
shown  above  the  Tottemhoe  Stone  in  the  Hunstanton-cliff  section 
(see  p.  562). 


§2.   PALJSONTOLOer. 

Table  1.— Fossils  of  the  Oault. 

The  following  is  a  tabulated  list  of  the  fossils  we  have  collected 
from  the  Gault  of  West  Norfolk,  the  last  column  showing  how  many 
of  them  have  also  been  found  in  the  Bed  Eock  of  Hunstanton : — 


FentacrinuB  Fittoni,  Aust,  ;. . 

Terebratula  biplicata,  Sby,  (rar.  Du- 

templeana)    , 

Eingena  lima,  Lefr 

Ostrea  Tesicularis,  Lam , 

currirostris,  NiUs , 

Bp.  (or  Exogyra) , 

Plicatula  pectinoideB,  Shy 

Inoceramus  sulcatus,  Park, 

concentricus,  Park , 

(Tar.)   

Crippeii?,  Mant, , 

Nucula  pectinata.  Shy 

Aporrhais,  sp , 

Ammonites  interruptus,  Brug , 

lautus,  Sby , 

rostratuB,  Sby , 

TaricoBUB?,  Mich , 

Nautilus,  sp 

Belemnites  minimus,  List , 

attenuatuB    , 

Fish-tooth 


1 


I 

P 


o 


H 
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It  will  be  seen  from  this  list  that  we  sacoeeded  in  finding  indubit- 
able Gault  fossils  at  the  Muzzle  pit,  where  Messrs.  Eeid  and  Sharman 
could  not  discover  anything  to  convince  themselves  that  the  clay 
was  not  Chalk-marl.  Ab  already  stated  (p.  549),  the  specimens  of 
Ammonites  inUrrwptus  were  mostly  in  the  state  of  day  casts,  a  few 
only  having  their  inner  whorls  preserved  in  phosphate,  so  tiiat  no 
doubt  can  exist  about  their  being  contemporaneous  fossils ;  and  this 
fact  is  of  itself  sufficient  to  decide  the  point  at  issue,  even  without 
the  other  characteristic  Gault  fossils  which  accompany  them,  viz. 
Nucula  pectinata,  Inoceramus  stilccUus^  and  TerebraUda  Dutempleana. 
Of  the  other  Inoceramt,  some  seem  certainly  to  be  7.  eonceTitricus, 
and  others  resemble  the  larger  and  more  compressed  species  which 
occurs  frequently  in  the  Lower  Gault  elsewhere,  and  may  be  iden- 
tified with  that  known  as  L  Crippsii  when  found  in  the  Bed  Chalk 
of  Hunstanton. 

With  respect  to  the  Dereham  fossils  our  list  is  not  so  large  as 
that  given  by  Messrs.  Reid  and  Sharman ;  but  we  protest  against 
the  elimination  of  the  phosphatic  specimens.  Similar  phosphatized 
fossils  occur  everywhere  in  the  lower  part  of  the  Gault,  often  20  feet 
above  its  base,  as  in  Bedfordshire  and  Buckinghamshire.  The  state  of 
the  Ammonites  with  phosphatic  centres  at  Muzzle  shows  why  the 
phosphatic  specimens  are  so  often  fragmentary  ;  for  if  the  beds  in 
which  such  casts  lay  imbedded  were  afterwards  subjected  to  the  wash- 
ing of  a  current,  all  the  fine  mud  which  composed  the  cast  might  be 
washed  away  and  redeposited,  leaving  only  the  phosphatic  portions 
in  situ.  It  seems  probable  therefore  that  we  may  regard  all  such 
contemporaneous  nodule-beds,  which  are  frequent  in  the  Gault,  as  the 
siftings  of  a  certain  thickness  of  clay  which  contained  semiphos- 
phatized  and  semiconsolidated  casts  of  fossils.  The  rounded  and 
broken  appearance  of  the  phosphatic  fragments  does  not,  then, 
necessarily  show  that  they  have  been  much  rolled  or  waterwom,  for 
they  would  present  such  an  appearance  as  soon  as  they  were  detached 
from  that  portion  of  the  cast  which  had  not  been  filled  with  pho»- 
phatic  matter. 

Small  oysters,  resembling  Ostrea  acutirostris^  Nilss.,  and  0,  eur- 
virostris,  Nilss.,  certainly  occur;  but  most  of  those  found  by  us 
come  near  to  0.  curvirostris,  as  figured  by  d'Orbigny,  than  to 
the  broader  shape  of  0,  acutirostris ;  they  differ,  however,  from 
the  inflexed  form  of  0,  curvirostris  which  occurs  in  the  Tottemhoe 
Stone. 

The  fauna  of  the  limestone  beds  seen  in  the  Eoydon  cutting  and 
in  the  Grimston  brook  remains  to  be  considered ;  and,  fortunately, 
the  species  and  the  state  of  their  preservation  are  such  that  no 
doubt  can  possibly  exist  about  the  age  of  these  beds.  lithologically, 
these  limestone  bands  are  exceedingly  like  the  hard  beds  which  occur 
in  the  Chalk-marl  of  Buckinghamshire  and  Oxfordshire ;  and  had  we 
not  found  the  fossils  above  indicated,  we  might  have  felt  very  great 
hesitation  about  referring  them  to  the  Gault.  Their  lithological 
characters,  however,  can  easily  be  explained,  for  a  deep-sea  formation 
of  Gault  age  is  not  likely  to  resemble  the  Folkestone  clay ;  whereas, 
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on  the  supposition  that  these  beds  are  Chalk-marl,  the  occurrence 
of  Inoceramu8  stdcatuSf  I.  concentrieus,  Ammonites  latittis^  and  Am, 
ro8tratu8  would  be  such  an  anomaly  that,  if  anyone  chooses  to  accept 
it,  he  must  be  prepared  to  renounce  the  stratigraphical  axiom  that 
'*  strata  can  be  identified  by  their  fossils." 

We  would  apply  the  same  reasoning  to  the  Red  Chalk  of  Hun- 
stanton, where  the  same  Ammonitea^  together  with  two  others  equally 
characteristic  of  the  Gault,  are  found,  and  are  associated  with  Ino^ 
eeramus  sulcatus  and  I.  Crippsii.  We  do  not  think  that  any  for- 
mation containing  these  fossils  in  an  underived  state  can  be  other 
than  of  Gault  age,  whatever  the  lithological  character  of  the  rock 
may  be ;  and  we  feel  sure  that  our  friend  Mr.  Whitaker  allowed 
lithological  evidence  to  have  too  much  weight  and  paheontological 
evidence  far  too  little,  when  he  mapped  the  Norfolk  Gault  as  Chalk- 
marl  and  refused  to  see  anything  but  chalk  in  the  Bed  Bock  of 
Hunstanton. 

Mr.  Whitaker  has  discussed  the  evidence  of  the  fossils  in  his 
Address  to  the  Geological  Society  of  Norwich  * ;  and  he  asks,  "  if 
the  rock  represent  Gault  and  Gault  only,  how  are  we  to  account  for 
the  occurrence  of  the  fossils  belonging  to  higher  beds,  and  some  of 
which  have  nowhere  been  found  in  undoubted  Gault  ?  "  This  is  a 
very  fair  question ;  but  he  seems  to  think  that  it  is  much  more 
difficult  to  account  for  the  appearance  of  species  in  any  formation 
which  have  hitherto  only  been  found  in  newer  and  higher  beds, 
than  it  is  to  explain  the  occurrence  of  species  which  have  only  been 
found  in  older  beds ;  we  really  cannot  see  why  one  case  should 
be  necessarily  more  difficult  of  explanation  than  the  other  :  every- 
thing must  depend  upon  the  circumstances  of  the  particular 
•case. 

In  comparing  the  succession  of  faunas  at  places  so  far  apart  as 
Folkestone  and  Hunstanton,  considerable  allowance  should  be  made 
for  the  possibility  that  some  species  may  have  come  in  at  one 
locality  before  they  reached  the  other ;  for  it  is  quite  certain  that 
the  conditions  of  life  were  very  different  at  the  two  places — the  sea- 
bottom  in  the  one  place  was  mud,  and  the  water  above  was  not  very 
deep,  while  in  the  other  place  the  bottom  was  a  calcareo-ferruginous 
sediment,  and  the  water  was  probably  much  deeper.  This  being  so,  it 
seems  to  us  that  the  occurrence  of  a  certain  number  of  deep-sea  (or 
Chalk  species)  is  only  what  might  be  expected  in  the  Hunstanton 
deposit.  Two  of  these  species,  namely  Ostrea  curvirostris  and  Tere- 
bratulina  gracilis^  have  already  been  found  in  the  marly  Gault  of 
West  Norfolk ;  and  we  are  consequently  led  to  expect  that  the  other 
precursors  of  the  Chalk-marl  fauna  of  Southern  England  will  be 
discovered  in  this  deposit. 

We  would  urge,  therefore,  in  opposition  to  Mr.  Gunn  and  Mr. 
Whitaker,  that  it  is  by  no  means  the  fossils  "  of  the  latest  type  that 
must  be  used  in  identifying  the  period "  of  the  bed ;  but,  on  the 
contrary,  that  it  is  those  of  the  earliest  type  that  must  be  taken  as 

»  Proc.  Norwich  GeoL  Soc.  voL  L  p.  280. 
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guides  in  this  case,  unless  it  can  he  shaum  that  they  have  been  derived 
from  an  older  stratum,  Mr.  WMtaker  suggests  the  possibility  of 
their  derivation,  but  frankly  admits  that  he  knows  of  no  evidence 
in  favour  of  it ;  neither  do  we,  for  the  Gault  species  of  the  Bed 
Bock  seem  to  be  in  just  the  same  state  of  preservation  as  the 
others. 

The  following  statements  were  made  by  one  of  us  when  supplying 
Mr.  Whitaker  with  a  list  of  the  fossils  in  the  Bed  Bock  of  Hun- 
stanton, and  are  quoted  by  him  in  the  paper  referred  to : — '*  Palaeon- 
tologically  the  Hunstanton  Limestone  has  stronger  affinities  with 
the  Gault  than  with  any  other  formation,"  ....*'  its  affinities  with 
the  Chalk-marl  are  less  strong :  it  must  be  remarked  that  none  of 
the  specially  characteristic  Chalk-marl  species  are  found."  Our 
recent  researches  have  only  strengthened  the  data  on  which  these 
two  statements  were  founded. 

On  reference  to  the  list  (Table  I.),  it  will  be  seen  that  nearly  all 
the  fossils  we  have  found  in  the  Gault  of  Norfolk  occur  also  in  the 
Bed  Bock.  Further,  if  we  confine  our  attention  to  the  Cephalopoda, 
which  are  usually  regarded  as  the  best  guides  in  correlating  sbrata 
of  Secondary  age,  we  find  that  no  fewer  than  eight  Ammonites,  of 
characteristic  Gault  species,  have  been  recorded  from  the  Bed  Bock. 
These  are : — Ammonites  auritus^  Am.  Beudanti,  Am.  intem^tus^ 
Am,  lautiiSf  Am,  ochetonotus*.  Am.  rostrattts.  Am.  spUndenSy  and 
Am,  tuherculatus.  Ammonites  varians^  Am.  Coupei,  Am.  ManteUi, 
Am.  navicularis,  and  Am.  faJcatus^  which  are  the  characteristic 
Ammonites  of  tibie  Chloritic  Marl  and  the  Chalk-marl,  are  con- 
spicuously absent  from  the  Bed  Bock. 

The  extreme  rarity  of  Gasteropods  in  the  Bed  Bock,  while  they 
are  abundant  in  the  Gault  of  Southern  England,  finds  a  natural 
explanation  in  the  hypothesis  that  we  are  dealing  with  a  deep-water 
fauna ;  for  they  are  always  rare  in  deep-water  deposits,  and  at  the 
present  day  their  numbers  always  diminish  with  depth  of  water  and 
distance  from  land,  Pleurotomaria  being  the  only  genus  that  is  now 
indicative  of  deep  water. 

*  Beoently  found  in  the  Lower  Gault  of  BuoIeb,  as  have  also  all  the  other 
species,  including  Jm,  roUraius,  which  has  hitherto  been  supposed  to  ooeor  only 
in  the  Upper  Giwlt. 
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Tajblb  U.—FossUs  of  the  ChaUc-marl. 


Basemei 
bed. 


M 


W 


Spongii 
Floooflcyphia  labro 
Strephima  codtoIu^ 
Leptophragma  Mu 
Ooflcinopora,  sp.  . , 
Spongia,sp 

EoHUfODZi 
Gidaris  yenoidosa, 

disaimilis,  Faroes 

Disooidea  oylindrioa,  Lam , 

Holaster  subglobosus,  Leske   .,.,. 

•        Invis,  £e  Luc 

Epiaster  crassissimus,  cTOrb 

Pseudodiadema  omatum,  Gddf.. 
Yariolaro,  Brongn 

AinrxjLosA. 

Serpula  antiquata?,  Sby 

yermlcularia  umbooiata,  Shy, .... 
Pollidpes,  sp 


Brachiopoda. 

Terebratula  biplicata,  8bv. 

,  Tar.  obtusa,  Sby,   ... 

,  Tar.  faba,  8hy,  , 

semigloboBa,  8by, 

subundata,  iS^ , 

sulcifera,  Morr.    

Kineena  lima,  Defr 

Terebratolina  gracilis,  Schloth. 

,  ynr.  noduloea,  Eth, 

itriata.  WahL  

Shynchonella  CuYieri,  tPOrb,.. 

Ghnaiana,  €rOrb 

Martini,  Mant 

,  var. 

Mantelliaoa,  Sby,  (rare)... 


Fblictpoda. 
Ostrea  Terioularis,  Lam. 

frons,  Park, 

Peeten  Beareri,  Sby,    ... 

elongatus,  Lam.  ... 

fissicosta,  Eth 

orbicularis,  Shy,  ... 


2a2 
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TablA  II.  (continued). 


Baaement- 
bed. 

InocerO' 
muS'hedB. 

Upper  Beds. 

1 

i 

1 

1 

1 

1 

1 

1 

Pblbcypoda  (continued), 
Plicftinla  inflata.  ^^ t-,.. 

* 

* 
* 

* 

* 
* 

B 

* 

# 

« 

B 

» 
B 

Lima  eohinata,  E(h 

Avicula  ffTYDhiBoides.  Sbu 

SlnondTliiR  linoatus    .................. 

Rt.riAillB.   Sbf/ T»T-.t. 

fltriatus.  Mant, 

The  letter  B  in  the  above  list  indicates  that  the  species  is  quoted 
from  Dr.  Barrois's  '  Recherches  sur  le  Terrain  Cr^tace  snp^rieur.' 

As  the  lithological  characters  of  the  Chalk-marl  exhibit  a  change 
in  passing  from  Cambridgeshire  into  Norfolk,  it  is  not  surprising  to 
find  a  corresponding  change  in  the  relative  abundance  of  the  fossils 
which  occur  in  this  subdivision.  Thus  in  Cambridgeshire  and  the 
Midland  counties,  where  the  greater  part  of  the  Chalk-marl  is 
really  a  marl,  Holaster  subgloboms  is  a  very  rare  fossil,  so  rare  that 
neither  of  us  has  yet  found  a  specimen  ;  in  the  "  Inoeeramtu-heds  *' 
of  Hunstanton  it  is  exceedingly  common,  and  it  also  occurs  occa- 
sionally in  the  overlying  beds  below  the  Tottemhoe  Stone.  Similarly 
Lima  echinata  which  was  first  described  from  the  Tottemhoe  Stone 
of  Burwell,  and  has  not  yet  been  found  in  the  Chalk-marl  of 
Cambridge,  becomes  a  common  fossil  where  this  Marl  puts  on  the 
rough  and  rocky  facies  in  West  Norfolk,  and  is  especially  frequent 
in  the  InoceramiMAyedB. 

On  the  other  hand,  Ehynclumella  Martini,  which  is  such  a  common 
species  in  the  Chalk-marl  of  more  southern  counties,  becomes  so 
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rare  in  Norfolk  that  we  only  found  the  typical  form  in  the  pit  at 
Snettisham,  that  in  the  Hunstanton  '*  sponge-bed  "  being  a  fine-ribbed 
variety,  having  some  affinity  with  Eh,  lineolata. 

The  same  is  the  case  with  Ammonites  varians^  whidh  is  so 
common  a  fossil  in  the  Chalk-marl  of  Keach  and  other  Cambridge 
localities,  and  which  is  still  abundant  in  the  hard  marl  of  Hock  wold 
Grange,  Suffolk.  At  Stoke  Ferry  it  is  a  rare  fossil,  and  beyond  that 
place  we  did  not  meet  with  it  at  all  except  doubtfally  at  Hunstanton, 
neither  is  it  recorded  in  Dr.  Barrois's  lists,  so  that  if  it  does  occur 
it  is  one  of  the  rarest  fossils  at  Hunstanton.  The  same  may  be  said 
of  Ammonites  Mantelli,  which  is  common  in  the  Chalk-marl  of  the 
southern  counties,  but  becomes  rarer  in  going  north. 

It  would  appear  in  fact  that  the  Ammonites  were  inhabitants  of 
shallow  waters,  for  while  they  swarm  in  the  Gault,  Upper  Greensand, 
and  Chalk-marl  of  the  southern  counties,  they  become  gradually 
less  abundant  in  the  higher  parts  of  the  chalk  of  that  region. 
Since  therefore  they  also  become  much  rarer  both  in  the  Gault  and 
in  the  Chalk- marl  as  these  divisions  are  traced  northward,  we 
may  reasonably  conclude  that  this  rarity  is  due  to  the  increase  in 
the  depth  of  the  Cretaceous  sea  towards  the  north,  an  inference 
already  drawn  from  other  data. 

We  have  to  thank  Mr.  H.  G.  Fordham  for  the  loan  of  the  fossils 
which  he  collected  recently  from  the  Sponge-bed  at  Hunstanton ; 
these  have  enabled  us  to  give  a  fuller  list  than  has  hitherto  been 
published.  One  of  the  commonest  fossils  in  this  bed  is  Avicula 
gryphceoideSj  which  is  so  abundant  in  the  basement-bed  at  Roydon 
and  Shouliham  and  in  the  Cambridge  Greensand  ;  this  species  occurs 
rarely  in  the  InoceramiiS'heds,  and  we  did  not  meet  with  it  above 
that  horizon. 

Our  thanks  are  also  due  to  Dr.  G.  J.  Hinde  for  naming  the 
fragments  of  Sponges  which  Mr.  Fordham  had  found. 

Table  111,— Fossils  of  the  Tottemhoe  Stone, 


ECHINODKRJIATA. 

Holaster  subglobosus,  Leske   

Diacoidea  cjlindrioa,  Lam 

CidariB  veeiculosa)  Gold/,  (spines) 

CaUSTACBA,  &0, 

Yermicalaria  umbonatoi  S6y 

PoUicipes  glaber,  Bom 

Scalpellum  maximum,  <S&^ 

Glyphea  cretaceai  M^Coy     

Eaoploclytia  brevimana,  M^Coy ... 
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Upper  Beds. 
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v\>^^  SV>^® 


■gett^' 
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Stoke  the  stone  does  not  yield  so  many  fossils,  but  then  its 
diminished  thickness  must  be  taken  into  account.  Its  fauna  in 
Norfolk  does  not  offer  any  special  peculiarities,  and  no  doubt  more 
prolonged  search  would  greatly  increase  the  number  of  fossils,  and 
prove  tiie  assemblage  to  be  the  same  as  in  Cambridgeshire. 

Tablb  IV.— Fossils  of  ike  Qrey  Chalk. 


"si 
la 


Serpula  subtorquata 

Holaster  subglobosus,  Leske   ... 

ireeaDsas,  Leym 

Cidaris  diasimiliB,  Forbes 

Bowerbanki,  Forbes    

Biaooidea  cylindrica.  Lam. 

Terebratula  semieloboaa,  Sby, 

squamosa,  iiant, 

Bhynchonella  Grasiana  ?,  d^Orb, 

Mantelliana,  9by 

Kingena  lima,  Defr 

Terebratulina  gracilis,yar.nodulosa 

Ostrea  resioularis,  Lam 

Pecten  orbicularis,  Sby 

Szogyia  haliotoidea,  Syy 

Flicatula  inflaia,  iS&y 

lima  oenomanenais  ?,  ^  Orb,  . . . 
Inooeramus  mytiloides,  Mani,,.. 
Ammonites  lewesiensis?,  Mont, 

Austeni, /9Aarp« 

oenomanensis^  ^Orb, 

rhotomagensis,  d!Orb 

planulatus,  Sby 

Belemnitella  plena,  Blainv,  .., 
Fish-scales 


The  assemblage  above  recorded  is  such  as  might  be  found  in  the 
same  subdivision  further  south,  with  the  exception  of  BdemniUlla 
plena.  The  occurrence  of  this  species  in  the  grey  chalk  of  West 
Bow  near  Mildenhall  is  a  noteworthy  fact,  for  it  is  its  first 
recorded  occurrence  at  such  a  distance  below  the  Marls  which  form 
the  zone  of  Bel.  phna.  The  species  from  the  Tottemhoe  Stone 
which  has  elsewhere  been  called  Bd.  plena  is  not  that  form,  but  the 
Bel.  laneeolata  of  Sowerby  (non  Schlotheim). 

The  original  example  of  Peliastes  Bunhuryi,  Forbes,  was  obtained 
near  Mildenhall  by  Sir  E.  H.  Bunbury,  and  may  therefore  have 
<2ome  from  the  West  Row  pit. 

The  marls  of  the  zone  of  Belemnitella  pUna  in  Norfolk  have  as 
jet  yielded  but  two  spedes,   Terehratula  semiglohosa  and  Bhyn- 
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ehoneV<i  pUeatUis ;  but  as  the  bed  is  only  exposed  at  three  or  four 
localities  and  is  very  thin,  this  pancity  of  fossils  is  not  surprising. 

The  letter  B  in  the  Dersingham  column  means  that  the  species 
80  indicated  are  quoted  from  Dr.  Barrois's  list  in  his  '  Becherches  sur 
le  Terrain  Gretaoi^  superieur.' 

Table  V, — Fossils  of  the  Melboum  Boch  and  zone  of  R.  Cuvieri. 


Oardiaster  pygmieuB,  Forbes  ... 

Hemiaeter  minimoB,  Ac 

Echinooonus  subrotundus,  Mant,,. 

ce^Btanee^  Brongn 

Discoidea  minima,  Ag 

Oidaris,  Bp.  (flpines) 

TerebratiOa  Bemiglobosa^  8bv. . . . 
Bhynchonella  Ouvieri,  d^Orb. ... 
InoceramuB  mytiloides,  Mant. 
Ammonites  peramploB,  Mant.,., 
Cunningtoni  r,  Sharpe    . . , 


111 

1 

•si 

1 

1 

1 

i 

1 

M 

^ 

1^ 

^ 

S 

^ 

... 

... 

... 

* 

... 

... 

... 

... 

« 

« 

* 
* 

* 
* 

# 

* 

* 

» 

* 

« 

* 

« 

« 

* 

♦ 

» 

* 

# 

« 

# 

* 

« 

* 

» 

* 
* 

... 

* 

* 

♦ 

The  fossils  on  this  zone,  as  might  be  expected  from  the  constancy 
of  its  lithological  characters,  are  the  same  as  those  which  it  contains 
in  the  Midland  and  Southern  counties.  The  lower  beds  of  the 
Melboum  Bock  are,  as  usual,  without  fossils,  but  the  upper  beds  and 
the  shelly  chalk  above  abound  in  Ehynchonella  Cuvieri  and  Ino- 
eeramus  mytiloides,  while  the  echinid  Echinoconus  svhrotundiAS  is 
hardly  less  common  above  the  Bock. 


§  3.  Bbview  of  the  minute  Stbuctube  of  the  Bebs  bescbibeb 

TS  THIS  PaPEB. 

OauXt. — ^The  examination  of  specimens  from  various  horizons  of 
this  formation,  from  Chatham  Well-boring,  Streatham  Well,  Arlesey, 
Tring,  &c.,  shows  them  to  consist  in  great  part  of  inorganic  material 
in  an  exceedingly  fine  state  of  division ;  on  ^is  acid  has  no  effect,  and 
it  is  negative  under  crossed  nicols.  An  inconsiderable  portion  can 
be  recognized  as  very  fine  quartz-sand,  mica,  grains  of  glauconite, 
and  fragments  of  a  fibrous  material,  probably  of  felspathic  origin. 
Pragments  of  shell,  Foraminferal  tests,  and  minute  atoms  whicb 
appear  to  be  calcareous  and  disappear  aft-er  acid,  are  present  in 
varying  proportions ;  but  the  deposit,  as  a  whole,  may  be  spoken  of  a& 
inorganic. 

The  material  composing  the  Upper  Greensand  which  overlies  the 
Oault  in  Buckinghamshire  is  in  a  much  coarser  condition,  and  the 
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examination  of  cores  from  a  boring  near  Tring  showed  that  there 
was  a  gradual  passage  extending  through  many  feet  from  the  coarse 
material  of  the  Greensand  to  the  finer  matericd  of  the  Upper  Gault, 
a  similar  bnt  more  rapid  passage  to  the  Lower  Greensand  occurring 
at  its  base. 

Proceeding  along  its  outcrop  to  the  north-east  from  Tring,  the 
upper  part  of  the  Gault  becomes  more  calcareous,  and  contains  many 
Foraminifera,  shell  fragments  and  atoms  of  a  calcareous  nature, 
rendering  it  at  Eancourt,  near  Harlington,  almost  comparable  to 
certain  parts  of  the  Chalk-marl.  But  it  is  invariably  separated 
from  this  formation  by  a  Glauconitic  Marl,  a  bed  in  which  rather 
coarse  grains  of  glauconite,  quartz  and  mica  flakes,  with  many  shell- 
fragments,  abound  in  a  calcareous  matrix,  though  the  amount  of 
its  several  ingredients  varies  somewhat  with  locality. 

Proceeding  still  further  to  the  N.E.,  we  reach  the  incoming  of 
the  Cambridge  Greensand  dividing  the  Gault  from  the  Chalk-marl,  a 
bed  marked  by  the  abundance  of  large  glauconitic  grains,  rather 
coarse  quart^sand,  and  some  mica.  At  Arlesey  this  bed  resta 
immediately  on  the  Gault,  which  is  not  calcareous  and  agrees  with 
that  from  its  centre  near  Tring,  there  being  no  passage  whatever. 

We  have  had  no  opportunity  for  the  examination  of  the  material 
at  the  junction  of  the  Gault  and  Cambridge  Greensand  between 
this  point  and  Stoke  Ferry,  but  at  Stoke  our  boring  passed  through 
a  bed  in  which  green  grains  were  abundant,  and  which  also 
contained  quartz  and  mica,  and  then  entered  abruptly  into  bright 
blue  day,  which,  though  less  calcareous  than  that  at  Eancourt,  is 
more  so  llian  at  Arlesey,  and  is  probably  Upper  rather  than  Middle 
Gault.  It  forms  a  link  between  the  latter  and  the  still  more 
calcareous  deposit  which  we  recognize  as  the  Upper  Gault  further 
to  the  north-east. 

The  Lower  Gault  exposed  at  Muzzle  and  West  Dereham  is  some- 
what calcareous  and  contains  many  shell-fragments,  &c. ;  it  is, 
however,  not  unlike  that  from  the  lower  part  of  the  Tring  boring, 
but  there  is  a  decrease  of  the  coarser  recognizable  inorganic  particles. 

The  examination  of  specimens  from  the  railway-cutting  north  of 
Grimston  station,  from  the  brook  sides,  and  from  the  boring  at 
Boydon  pit  shows  that  the  deposit  which  we  recognize  as  the  Gault 
has  undergone  considerable  change. 

That  lying  below  the  hard  beds,  while  still  containing  much  of 
the  fine  inorganic  material,  contains  also  a  large  proportion  of  shell- 
fragments  and  Foraminifera,  and  calcareous  atoms  derived  probably 
from  their  decomposition.  Glauconite  appears  to  be  absent,  but 
there  are  a  few  quartz-grains  sparingly  distributed  through  the 
mass ;  some  of  these  appear  to  be  of  greater  size  than  those  usually 
met  with  in  the  Central  or  Lower  Gault,  and  may  be  derived  in  part 
from  the  underlying  sands. 

The  hard  beds  seen  both  in  the  railway-cutting  and  elsewhere  are 
alike  in  their  structure.  They  appear  to  be  entirely  organic,  and  con- 
tain no  quartz  or  glauconitic  grains.  Disunited  or  primordial  cells 
of  Qlohigerina  or  otiber  Foraminifera  form  nearly  20  per  cent,  of  their 
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mass,  and  shell-fragments,  which  often  occur  in  small  aocomnlationB, 
about  8  or  10  per  cent,  more,  the  remainder  being  fine  amorphous 
material.  That  part  of  the  Gauit  above  the  hard  beds,  while  still 
<x>ntaining  fine  inorganic  material,  abounds  in  shell-fragments, 
Foraminifera,  and  calcareous  atoms,  the  amount  of  the  coarser 
fragments  varying  in  different  specimens.  Eecognizable  particles 
of  quartz  are  few  and  small,  and  grains  of  glauconite  have  not 
been  detected  at  aU. 

The  pink  marl  of  the  cutting  and  of  the  brook  presents  no  impor- 
tant difference  in  structure  from  that  described  above. 

The  yellow  and  red  beds  passed  through  in  the  boring  at  Der- 
singham  are  alike  in  their  structure.  As  in  the  Gault  at  Eoydon, 
especially  in  that  lying  above  the  hard  beds,  organic  material 
preponderates,  single  Eoraminiferal  cells,  with  some  shell-fragments, 
forming  no  inconsiderable  part  of  their  mass.  A  few  large  grains 
of  quartz-sand  occur  in  the  Bed  Clay,  visible  to  the  unassisted  eye 
and  comparable  with  those  from  the  Caistone ;  smaller  particles  are 
not  uncommon. 

We  have  been  unable  to  make  a  satisfactory  section  of  the  basal 
foot  of  the  Bed  Chalk  at  Hunstanton ;  but  above  this  the  structure 
IB  much  the  same  as  that  of  the  most  calcareous  Gault  above 
described.  Foraminiferal  tests  are  perhaps  in  greater  proportion, 
and  there  are  indications  of  sponge-structure  in  the  specimens 
examined.  The  upper  part  of  the  Bed  Chalk  will,  in  fact,  compare 
with  the  Bed  Clay  of  the  Dersingham  boring,  with  the  more  cal- 
careous specimens  of  the  Grimston  Gault,  and  also  with  the  hard 
beds,  its  chief  difference  being  the  greater  amount  of  large  quartz- 
and  other  mineral  grains  which  it  contains,  and  which  have 
evidently  been  derived  from  the  sands  on  which  it  lies. 

The  OlaueoniHc  Marl  found  at  the  base  of  the  Chalk-marl  at 
^toke  Eerry  has  many  points  of  resemblance  both  to  the  Cambridge 
Greensand  and  to  the  beds  which  lie  at  the  base  of  the  Chalk-marl 
in  Bedfordshire.  It  is  a  calcareous  marl,  containing  an  abundance 
of  glauconitic  grains,  with  some  mioa^flakes  and  fine  quartz-eand ; 
And  though  these  materials,  particularly  the  glauconitic  grains,  are 
smaller  and  finer  than  in  the  Greensands  of  Bedford  or  Cambridge, 
the  fact  of  their  appearance  in  abundance  at  this  horizon  in  a 
locality  where  such  inorganic  material  is  rare  is  most  important. 

The  base  of  the  Chalk-marl  seen  in  the  pit  at  Shouldham  is  a 
glauconitic  bed,  similar  in  all  respects  to  that  above  described.  This 
marl  was  again  identified  at  Marham,  beyond  which  it  was  lost. 
Above  this  bed,  at  Shouldham,  the  Chalk-marl,  though  hard,  is  not 
gritty,  fine  amorphous  material  forming  a  large  proportion  of  its 
mass ;  single  Foraminiferal  cells  are  conspicuously  abundant,  and 
these  with  a  few  shell-fragments  and  entire  Foraminifera  constitute 
the  remainder. 

Chalk-marl. — ^Following  the  Chalk-marl,  as  we  have  done  the  Gault, 
we  find  that  at  Charlton,  in  Bedfordshire,  it  consists  of  a  bluish 
grey  clayey  marl,  with  a  recognizable  amount  of  glauconitic  grains^ 
fine  quartz-sand,  and  a  proportion  of  the  fine  inoi^anio  matter 
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similar  to  that  of  the  Ganlt.  But  the  quantity  of  shell-firagmeiitSy 
entire  tests  and  disunited  cells  of  Poraminifera,  and  calcareous  atoms 
prove  the  marl  to  be  mainly  of  organic  origin,  though  at  this  point 
impurely  so.  At  Charlton  it  passes  up  into  a  purely  calc  marl, 
yellowish-grey  in  colour,  the  tint  becoming  lighter  with  its 
increasing  purity  as  a  calcareous  deposit. 

Following  the  marl  to  the  N.E.,  we  find  a  gradual  diminution  in 
the  amount  of  recognizable  quartz-particles  and  gradually  increasing 
purity  from  inorganic  matter,  till  at  Stoke  Ferry  hardly  a  trace  of 
the  bluer  and  most  impure  marl  was  noted  in  our  boring,  and  the 
deposit,  as  a  whole,  appeared  almost  purely  calcareous. 

As  previously  mentioned,  the  upper  part  of  the  marl,  at  Feltwell, 
White  Dyke,  &c.,  increases  in  hardness.  This  is  marked  by  an 
increase  in  the  quantity  of  shell-fragments,  principally  prisms  of 
Inoceramus^heWs^  which  give  it  a  gritty  touch  not  unlike  the 
Tottemhoe  Stone. 

At  Stoke  Ferry  layers  of  hard  Chalk-marl,  rendered  gritty  to 
the  touch  by  the  presence  of  many  minute  pieces  of  shell,  and 
separated  by  layers  of  less  shelly  material,  extend  for  some  distance 
below  the  Tottemhoe  Stone.  Below  this,  in  the  softer  Chalk-marl, 
the  amount  of  the  coarser  organic  remains,  such  as  shell-fragments 
and  Foraminifera,  is  small  compared  with  the  proportion  of  amor- 
phous material  of  which  the  Marl  consists.  Particles  of  quartz  are  to 
be  found  throughout  it;  grains  of  glauoonite  occur  commonly  in  the 
top  and  lower  portion,  but  are  less  abundant  in  specimens  from  the 
centre. 

To  this  point  every  specimen  of  the  Chalk-marl  we  examined 
contained  minute  grains  of  glauconite  and  quartz  in  varying 
proportions  ;  beyond  it  the  glauconite  does  not  occur  in  the  base- 
ment-bed, and  is  restricted  to  that  part  of  the  marl  which  we 
believe  to  be  the  equivalent  of  the  Inoceramtu-hed  and  to  the 
Tottemhoe  Stone,  while  particles  of  quartz  are  few  and  smaU. 

Thin  sections  of  the  hard  creamy-white  limestone  which  lies 
immediately  above  the  Gault  at  B.oydon  and  in  the  neigh- 
bourhood of  Grimston  show  that  this  bed  does  not  differ 
materially  in  its  stmcture  from  the  base  of  the  marl  above  the 
glauconitic  bed  at  Shouldham.  Single  Foraminiferal  cells  and 
more  or  less  perfect  tests  of  Foraminifera  are  conspicuously  abun- 
dant; but  these  and  a  few  shell-fragments  form  hardly  25  per 
cent,  of  the  material.  The  so-called  Sponge-bed  at  Hunstanton  is 
comparable  in  all  respects  to  the  base  of  the  Chalk-marl  at  Grim- 
ston and  Boydon. 

In  the  hard  grey  chalk  above  the  creamy-white  limestone  at 
Boydon  we  find  the  gritty  character  of  the  Marl,  which  we  have 
noted  gradually  increasing  to  the  northward,  still  more  marked. 
Here  it  closely  resembles  the  Tottemhoe  Stone  in  appearance  and 
structure,  consisting  of  about  60  per  cent,  of  coarse,  irregularly 
sorted  shell-fragments,  mostly  prisms  of  /noe^amt^s-shells ;  grains 
of  glauconite  are  abundant,  and  the  whole  is  set  in  a  matrix  of 
amorphous  calcareous  material.     The  green-coated  nodules  at  its 
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base  are  not  shelly,  bat  agree  in  character  with  the  underlying 
limestone. 

This  bed  was  certainly  passed  through  in  the  boring  at  Dersing- 
ham,  and  at  this  place,  as  well  as  at  Snettisham  and  Heacham,  it 
gradually  passes  np  into  hard,  white  Chalk-marl,  which,  though  less 
gritty,  is  full  of  shell-fragments  and  Poraminifera.  The  structure  of 
the  Inoceramt»-hed  at  Hunstanton  is  almost  identical  with  that 
of  the  hard,  gritty  chalk  at  Eoydon.  The  shell-fragments  are 
much  coarser  in  its  basal  two  or  three  feet,  but  it  passes  up  into 
similar  material  and,  finally,  into  the  hard,  white  Chalk-marl, 
identical  with  that  at  Dersingham. 

The  Tottenfihoe  Stone, — ^The  beds  usually  referred  to  as  the 
Tottemhoe  Stone  vary  a  little  in  structure.  That  most  in  request 
for  building-purposes,  and  which  is  quarried  at  Tottemhoe  and  other 
places,  and  may  be  described  as  the  typical  stone,  is  seen,  under  the 
microscope,  to  consist  of  from  60  to  70  per  cent,  of  shell-fragments, 
remarkably  uniform  in  size,  many  glauconitic  grains,  which  are 
frequently  of  large  size  and  often  in  the  form  of  beautifully  perfect 
casts  of  Foraminifera,  and  a  small  percentage  of  fine  quartz-sand. 
Both  above  and  below  the  typical  Tottemhoe  Stone  are  beds  which 
present  no  such  regularity  in  the  assortment  of  the  shell-fragments 
composing  them,  and  the  beds  of  the  stone  itself  vary  in  thickness, 
and  are  often  separated  from  one  another  by  layers  of  less  shelly 
chalk. 

The  "  Brassil,"  which  underlies  the  Stone  at  Burwell,  consists 
mainly  of  very  coarse  shell-fragments ;  but  the  green-coated  nodules 
contained  in  it  are  not  shelly,  their  microscopic  structure  being 
comparable  with  that  of  the  Chalk-marl  beneath. 

At  Isleham,  Beck  Row,  and  Stoke  Ferry  we  are  able  to  identify 
the  Tottemhoe  Stone  by  its  microscopical  characters.  It  presents 
in  all  these  exposures  the  same  appearance  as  in  specimens  from 
the  less  defined  beds  of  Hertfordshire  and  Cambridge,  being  rather 
irregular  in  grain. 

At  Sandringham,  Dersingham,  and  all  exposures  beyond,  the 
massively  bedded  layer  at  the  top  of  the  hard  Chalk-marl  possesses 
the  same  shelly  character  as  its  equivalent  at  the  top  of  the  Marl 
in  Hertfordshire  and  Cambridge.  Specimens  from  most  of  these 
exposures  show  some  little  irregularity  in  the  size  of  the  comminuted 
fragments  of  shell  of  which  they  are  largely  composed ;  but  that 
from  the  cliff  of  Hunstanton  is  very  like  the  upper  part  of  the  stone 
exposed  in  the  Tottemhoe  quarries. 

It  must  be  added,  however,  that  the  fine  quartz-sand,  which  at 
Tottemhoe  forms  a  part  of  its  constituent  material,  is  almost 
absent  at  Hunstanton.  The  gradual  diminution  in  the  proportion 
of  this  can  be  followed  along  the  line  of  the  outcrop  of  the  Stone. 

The  Qrey  Chalk. — Above  the  Tottemhoe  Stone  the  change 
in  the  character  of  the  deposit  is  usually  abrupt,  but  not 
invariably  so.  Thin  sections  from  the  lower  part  of  the  Grey 
Chalk  between  Newmarket  and  Shouldham  present  exactly  the 
same  characters  as  those  which  we  have  before  described  in  Cam- 
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bridge  and  Hertfordshire*.  It  consists  almost  entirely  of  fine 
amorphous  material,  with  but  few  recognizable  shell-fragments  and 
Foraminifera ;  but  north  of  Shouldham  these  become  much  more 
abundant,  and  the  chalk  assumes  a  firmer  tezture. 

The  hard  white  chalk  previously  referred  to  as  underlying  the 
Belemnite-marls  closely  resembles  the  white  chalk  with  dean 
fracture  noted  by  us  t  as  occurring  at  varying  distances  below  the 
Belemnite-marls  of  Hertfordshire  and  Cambridge.  The  single  cells 
of  Foraminifera  increase  in  quantity,  and  it  would  appear  that 
the  change  in  the  lithological  character  of  the  Chalk  may  be  due  to 
some  extent  to  their  presence.  This  bed  was  noted  as  far  as 
•  Hillington,  where  it  forms  a  marked  feature  in  the  pit-face ;  beyond 
this  to  the  north  it  was  lost. 

Grains  of  glauconite,  which  are  to  be  found  in  almost  every 
specimen  of  the  Chalk-marl,  do  not  occur  commonly  in  the  Grey 
Chalk  (except  at  particular  horizons  in  certain  beds,  as  the  '^  Bag  ^^ 
of  Bedfordshire) ;  of  nearly  150  specimens  from  this  horizon  alone, 
from  various  localities,  only  one  contains  them.  Minute  grains  of 
quartz  extend  a  little  distance  up  into  the  Grey  Chalk,  where  the 
passage  between  it  and  the  Tottemhoe  Stone  is  not  abrupt ;  the 
same  remark  will  also  apply  to  the  grains  of  glauoonite. 

Mdhoum  Boek. — ^In  thin  sections  this  rock  also  presents  the  same 
characters  through  Suffolk  and  Norfolk  that  have  already  been 
described  by  us.  Like  that  of  Cambridge  and  Hertfordshire,  it  is 
full  of  fragmentary  pieces  or  nodules  of  chalk,  not  unlike  that  which 
forms  the  top  of  the  Grey  Chalk  beneath  it,  and  these  are  imbedded 
in  a  matrix  which  frequently  contains  a  large  proportion  of  coarse 
shell-fragments. 

There  is  also  at  this  horizon  a  remarkable  increase  in  the  quantity 
of  single  Foraminif  oral  cells ;  in  some  of  the  less  nodular  and  shelly 
specimens  they  are  exceedingly  abundant,  and  form  a  large  part  of 
the  material  of  the  Chalk. 

Although  these  forms  are  often  conspicuously  abundant  (see 
ante),  there  is  no  other  horizon  below  the  Chalk  Bock  where,  so  far 
as  we  know,  they  play  so  important  a  part  in  the  formation  of  the 
Chalk.  They  are  generally  referred  to  as  the  disunited  or  primordial 
cells  of  Foraminifera ;  but  it  is  singular  that  with  their  increase 
perfect  forms  do  not  become  more  abundant. 

§  4.  Chemioax  CoicpoBiTioisr  of  the  Gault  aitb  Chalk-habl. 

By  the  kindness  of  Dr.  W.  Johnstone,  F.G.S,,  and  Mr.  W.  D. 
Severn,  we  are  able  to  furnish  some  information  concerning  the 
chemical  composition  of  the  beds  referable  to  the  Gault  and  Chalk- 
marl  in  West  Norfolk. 

It  has  been  stated  (pp.  547,  549)  that  the  marls  which  we  refer 
to  the  Upper  Gault,  near  Boydon  and  Grimston,  are  so  calcareous  as 
to  have  been  mistaken  by  some  geologists  for  Chalk-marL     The 

*  Quart.  Journ.  Geol.  Soo.  Yol.  xlii.  p.  216.  t  Op.  cit 
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following  is  an  analysis  made  by  Mr.  W.  D.  Se7em  of  tihe  marl 
found  at  a  depth  of  5  feet  in  our  boring  at  Eoydon : — 

Eesidue  insoluble  in  HCl 26*55 

Carbonate  of  lime 66*31 

Alumina    3*33 

Iron  (as  Fe,0,) -81 

Magnesia   *46 

Phosphoric  acid trace. 

Moisture  (at  100^  C.)    1*85 

98*31 

The  percentage  of  carbonate  of  lime  in  this  sample  is,  undoubtedly, 
a  7ery  high  one,  and  the  marl  is  evidently  far  more  calcareous  than 
the  Upper-Gault  Marl  of  Folkestone,  in  which  Mr.  Hudleston  found 
only  25  per  cent.  But  it  is  obviously  more  logical  to  compare  the 
Norfolk  Marl  with  the  Upper  Gault  of  some  more  northern  locality 
than  Folkestone  ;  and  we  have  already  mentioned  the  calcareous 
aspect  of  the  Upper  Gault  of  Bedfordshire,  some  of  which  has  also 
been  mistaken  for  Clhalk-marl.  We  are  indebted  to  Mr.  Severn  for 
the  following  analysis  of  a  sample  from  Fancourt  brickyard : — 
Residue  insoL  in  HCl,  silica  and  silicates     38*21 

Carbonate  of  lime 53*50 

Alumina    3*90 

Iron  (as  FeO)    2*00 

Phosphoric  acid -09 

Moisture  (at  100°  C.)    2*00 

99*70 

It  will  be  seen  that  this  marl  contains  twice  as  much  carbonate  of 
lime  as  that  of  Folkestone,  and,  consequently,  that  the  proportion 
comes  very  much  nearer  to  that  in  the  Eoydon  marl — an  approxi- 
mation which  strengthens  the  conclusion  already  arrived  at,  that  the 
Norfolk  marl  is  an  actual  northward  continuation  of  the  Bedford  marl. 
The  following  (A)  is  an  analysis  of  the  limestone  which  lies  at 
the  base  of  this  marl  in  the  Boydon  cutting ;  it  was  made  for  us  by 
Dr.  W.  Johnstone,  and  we  have  placed  beside  it  an  analysis  by 
Prof.  Way,  of  a  hard  bed  in  the  Chalk-marl  of  Famham  (B),  whicL 
has  a  very  similar  composition  : — 

A  B. 

Insoluble  residue  (silicates,  &c.)  . .       6*64  7*26 

Carbonate  of  lime 89*46        85*95 

Sulphate  of  lime 1*32  -10 

Carbonate  of  magnesia *18  1*18 

Potash  and  soda —  1*47 

Manganese    *40  — 

Alumina    1*40  -20 

Peroxide  of  iron 1*10  1*74 

Soluble  silica    —  2*11 


100*50       100*01 
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Just  as  this  limestone  lithologically  resembles  the  harder  beds  of 
the  Chalk-marl,  though  it  holds  fossils  which  are  characteristic  of 
the  Gault,  so  also  there  is  a  resemblance  between  the  Koydon 
marls  and  the  softer  Chalk-marls  of  the  south  of  England,  as  will 
be  seen  by  comparing  the  analysis  abo7e  given  with  the  following 
(A  being  one  by  Prof.  Yoelcker,  of  a  Wiltshire  Chalk-marl*,  B  one 
by  Prof.  Way,  of  a  soft  marl,  near  Pamham,  in  Surrey t,  and  C  by  Mr. 
J.  W.  Knight,  of  the  Chalk-marl  at  Homingsea  near  Cambridge) : — 

A,         B.  a 

Insoluble  residue  (silica,  &c.)  22*80  21-35  16*60 

Soluble  silica    216          

Carbonate  of  lime    70-80  70-88  69-00 

Carbonate  of  magnesia    ....  1-72  *75  1*80 

Sulphate  of  lime 2-65  -35          

Potash  and  soda traces  1-90  2*30 

Alumina  and  iron 1*02  2-31  3*70 

Organic  matter  and  loss   ....  1*00  ....  6*60 

99*99        99*70      100*00 

The  proportion  of  carbonate  of  lime  is  a  little  larger  than  in 
the  Roydon  marl,  but  near  enough  for  us  to  conclude  that  the  latter 
was  formed  under  such  conditions  of  depth  and  distance  from  land 
as  afterwards  prevailed  in  the  south  of  England  during  the  formation 
of  the  Chalk-marl ;  consequently  we  may  infer  that  the  Gault  sea 
in  Norfolk  was  deeper  and  more  distant  from  land  than  the  Gault 
sea  of  the  south  and  centre  of  England. 

If  we  now  compare  the  analyses  of  Chalk-marl,  or  even  that  of 
the  harder  and  more  calcareous  bed  at  Pamham,  with  analyses 
of  the  beds  at  the  base  of  the  Chalk  at  Hunstanton,  we  shall  see 
how  much  more  calcareous  the  representative  of  the  Chalk-marl 
becomes  in  Norfolk.  The  following  analyses  of  (A)  the  '*  Sponge- 
bed  "  and  (B)  the  Inoceramus-hed  have  been  kindly  placed  at  our 
disposal  by  Dr.  W.  Johnstone : — 

A  B. 

Insoluble  silica 3*17  3*38 

Lime 53-23  51*60 

Carbonic  add    42-29  40*54 

Phosphoric  add    '29  '16 

Sulphuric  add traces  '09 

Alumina    *35  '35 

Peroxide  of  iron   *32  -50 

Manganese    traces  -47 

Magnesia '75  '25 

Sodium  chloride    traces  '75 

Moisture  and  org.  matter. .     traces  1*40 

100-40  99-39 

*  Journ.  Bath  and  W.  of  Engl.  Soo.  Ber.  2,  toL  ni.  p.  240. 

t  Journ.  Boy.  Agrio.  Soc.  vol.  xii.  p.  551.  In  this,  after  combining  the  mag- 
nesia, the  sum  of  CO^OaO  has  been  taken  as  giving  the  amount  of  GaOO  p 
though  the  amounts  are  not  in  strict  theoretioal  proportion. 
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The  amount  of  carbonate  of  lime  in  A  may  be  taken  as  95'5  per 
cent.,  and  in  B  as  92  per  cent. ;  for  although  the  Inoceramus-hed  is 
so  gritty  to  the  touch,  it  is  really  a  pure  limestone,  and  does  not 
contain  a  larger  quantity  of  silica  than  the  compact  limestone  upon 
which  it  rests,  its  grittiness  being  entirely  due  to  the  angular 
fragments  of  hard  Inoeeramus-BheU^  of  which  it  is  so  largely 
composed. 

We  were  also  desirous  of  knowing  the  chemical  composition  of 
the  red  marls,  which  occur  at  Grimston,  Roydon,  and  Dersingham, 
and  to  see  whether  the  last  was  more  closely  related  in  this  respect 
to  the  Boydon  marl  or  to  the  Eed  Chalk  of  Hunstanton.  By  the 
kindness  of  Dr.  Johnstone,  to  whom  we  sent  samples,  we  have 
been  furnished  with  the  following  analyses  of  (A)  the  Grimston,  (B) 
the  Eoydon,  and  (C)  the  Dersingham  Marl : — 

A  B.  O. 

SiHca  and  siHcates 22-60  24-13  25*70 

Carbonate  of  lime    69-50  64-46  64-49 

Carbonate  of  magnesia    -90  '90  1-32 

Sulphate  of  lime -66  -36  -33 

Peroxide  of  iron 340  6-00  4-16 

Alumina  and  phosphoric  add  1-60  *90  *80 

Manganese   trace  traces  traces 

Organic  matter,  Ac 1-34  3-25  3-20 

100-00       100-00      100-00 

It  will  be  seen  that  the  three  are  very  similar  in  their  com- 
position, the  marls  from  Boydon  and  Dersingham  being  almost 
identical,  although  the  localities  are  more  than  four  miles  apart. 
A  comparison  of  the  abo7e  analyses  with  that  of  the  overlying 
grey  marl  at  Roydon  (p.  586)  shows  that  they  may  be  regaided 
as  the  same  marl,  coloured  red  by  peroxide  of  iron,  the  proportions 
of  siliceous  matters  and  carbonate  of  lime  being  sJmost  the  same, 
while  the  proportions  of  iron  and  alumina  are  in  an  inverse  ratio. 

They  all  differ  from  the  Bed  Chalk,  an  analysis  of  which  has 
been  given  by  Mr.  Wiltshire* ;  and  the  following  is  that  of  a  pink 
sample  from  Hunstanton,  by  Dr.  Johnstone : — 

Silica,  &c 7-50 

Carbonate  of  lime 83-81 

Alumina     1*67 

Peroxide  of  iron     5-72 

Manganese -58 

Magnesia    -62 

99-90 

This  is,  lithologically,  a  chalk ;  but  its  being  so  does  not  prove  it 
to  be  stratigraphically  Chalk,  any  more  than  the  composition  of  the 
Boydon  marl  proves  that  to  be  Chalk-marl. 

*  Quart  Joum.  GeoL  Soc.  toI.  xxv.  p.  185. 
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§  5.  Eaitlts  and  thb  Chan&b  of  Stbikb. 

Prof.  Jxidd  has  called  attention  to  the  frequency  of  cross  &ults 
in  the  district  where  a  change  of  strike  takes  place*.  Such  is  the 
<case  in  the  north  of  Gloucestershire,  where  the  Jurassic  escarpment 
changes  its  strike  from  a  northerly  to  a  north-easterly  direction, 
And,  again,  in  Butland,  where  it  resumes  a  northerly  strike. 

The  same  phenomenon  is  exhibited  in  the  (^strict  we  have 
described,  where  the  Chalk  escarpment  changes  its  direction  from 
north-east  to  north ;  but  the  faults  are  much  less  easily  detected,  be- 
•cause  there  are  no  sharp  contrasts  in  the  lithological  characters  of  the 
beds,  like  those  which  exist  among  the  Jurassic  rocks,  and  it  is  only 
when  a  definite  horizon,  like  that  of  the  Melboum  Book,  is  followed 
across  the  country  that  anything  like  good  evidence  is  obtained 
of  the  existence  of  such  faults. 

At  West  Eow,  near  Mildenhall,  a  small  fault  is  seen  in  section ; 
but  its  throw  is  small,  and  as  we  were  not  able  to  trace  the  out- 
<srop  of  the  Melboum  Bock  round  Mildenhall,  we  cannot  say 
whether  there  are  others ;  but  the  change  of  strike  certainly 
begins  here. 

We  feel  sure  that  an  important  fault  is  hidden  beneath  the 
alluvium  of  the  Brandon  river,  for,  as  already  stated  (p.  565),  the 
horizon  of  the  Melboum  Bock,  near  Lakenheath  Station,  is  at  or 
b^ow  the  fen-level,  whereas  on  the  northern  side  of  the  valley, 
near  Hockwold,  it  is  40  or  50  feet  above  the  alluvium,  and  the 
Lower  Chalk  forms  a  prominent  ridge  which  extends  westward  f^om 
Hockwold  for  a  distance  of  about  two  miles.  There  must  therefore 
be  an  east  and  west  fault,  with  an  upthrow  on  the  north  side. 

We  also  think  that  there  are  two  parallel  faults  near  Feltwell, 
between  which  a  narrow  block  is  thrown  up,  so  that  the  outcrops 
are  shifted  eastward  for  a  space,  but  resume  their  normal  position 
to  the  north  of  Eeltwell.  This  inference,  however,  depends  entirely 
on  the  correctness  of  our  supposition  that  the  beds  exposed  in  the 
old  lime-kiln  south  of  Feltwell  belong  to  the  Chalk-marl. 

From  Feltwell  the  outcrops  appear  to  be  continuous  as  far  as 
Whittington,  the  strike  being  nearly  due  north,  and  the  beds 
having  a  slight  inclination  in  the  direction  of  the  strike,  so  that  at 
Whittington  the  Melboum  Bock  is  not  so  far  above  the  level  of  the 
fen  as  it  is  at  Hockwold  and  Feltwell.  On  crossing  the  Stoke 
river  we  find  the  Totternhoe  Stone  at  a  somewhat  higher  level 
than  that  of  the  Melboum  Bock  at  Whittington,  and  as  the  out- 
crop of  the  Lower  Chalk  here  runs  north-west  for  some  miles,  it 
looks  at  first  sight  as  if  there  were  a  fault  bringing  up  the  lower 
beds  on  the  N.W.  side  of  the  valley ;  but  it  is  probable  that  the  real 
strike  is  still  nearly  due  north  and  south,  and  it  will  be  seen  that 
a  line  connecting  the  outcrops  of  the  Melboum  Bock  at  Whittington 
and  Marham  would  not  deviate  much  from  this  direction.  There 
may  be  a  fault  with  a  northerly  upthrow,  but  there  is  no  dear 
evidence  of  its  existence. 

*  "  Geology  of  Rutland/'  Mem.  GeoL  Sury. 

aJ.G.S.  No.  171.  2e 
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There  can  be  little  doubt,  however,  that  Stoke  is  the  centre  of  a 
shallow  syncline  (whether  faulted  or  not),  and  that  just  as  the  beds 
fell  northwards  along  the  strike  to  Whittington,  so  beyond  that 
place  they  rise  northward  to  Marham,  where  the  Melboum  Bock 
attains  a  high  elevation  without  being  much  in  advance  of  the  line 
of  strike.  This  northerly  rise  will  account  for  the  emergence  of 
the  Gault  and  Lower  Greenaand  from  beneath  the  fen,  and  it  will 
also  explain  the  carrying  back  of  the  outcrops  so  far  eastward  by 
the  valley  of  the  Nar,  which  would  otherwise  seem  to  require  the 
agency  of  a  fault. 

North  of  Marham  and  Narborough  it  is  possible  that  the  level  of 
the  base  of  the  chalk  still  continues  to  rise ;  but  if  so,  the  diminution 
in  the  thickness  of  the  Lower  Chalk  keeps  the  normal  level  of  the 
Melboum  Rock  nearly  horizontal ;  for  though  we  do  not  possess 
accurate  information,  the  height  of  its  outcrop  at  Marham  and 
at  Hunstanton  appears  to  be  nearly  the  same,  and  these  two  places 
are,  we  think,  about  on  the  true  line  of  strike,  viz.  a  north  and 
south  line,  without  any  appreciable  trend  to  the  west,  such  as  would 
appear  if  the  line  from  Narford  to  Hunstanton  were  taken  to  be  the 
true  line  of  strike. 

Thus  the  district  we  have  described  may  be  regarded,  geometrically^ 
as  consisting  of  three  portions  or  blocks,  the  first  extending  from 
Mildenhall  to  the  Brandon  river,  the  second  from  that  river  to  the 
Stoke  river,  and  the  third  from  Stoke  to  Hunstanton.  The  first 
two  of  these  blocks  have  received  a  slight  tilt  to  the  north,  so  that 
the  beds  rise  along  the  strike  southwards,  the  third  has  an  inclina- 
tion in  an  opposite  direction. 

It  is  evident  that  these  faults  and  tiltings  have  a  considerable 
effect  upon  the  surface-contours  of  the  country,  and  it  seems  probable 
also  that  the  tilting  of  the  first  two  blocks  has  a  connexion  with 
the  change  of  strike.  In  seeking  for  the  cause  of  this  change,  we 
must  ask  ourselves  which  is  likely  to  have  been  the  original  strike, 
the  northerly  strike  of  Norfolk,  or  the  north-easterly  strike  of  the 
Midland  counties?  We  think  there  can  be  little  doubt  that  the 
former  was  the  original  strike,  imparted  to  the  Cretaceous  rocks  by 
the  upheaval  at  the  close  of  that  period,  and  that  the  north-easterly 
strike  was  the  direction  given  to  the  escarpment  by  the  disturbances 
which  produced  the  London  and  Hampshire  basins.  In  other  words, 
we  hold  that  the  influence  of  the  syndiual  curvature  of  the  London 
basin  does  not  extend  beyond  the  latitude  of  Mildenhall,  and  that 
north  of  this  the  original  strike  of  the  Cretaceous  rocks  is  preserved 
with  little  alteration,  and  has  not  been  affected  by  the  disturbances 
above  mentioned. 

§  6.  StTHXABT  Avn  Infeeenges. 

Gault — With  respect  to  the  Gault  we  claim  to  have  established 
the  following  facts : — 

1.  That  the  Gault  can  be  traced  through  Norfolk  from  Stoke 
Perry  to  Dersingham,  where  it  thins  out. 

2.  That  it  is  divisible  into  an  upper  and  a  lower  portion,  and 
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that  it  contains  a  peculiar  layer  of  reddish  marl  or  clay,  which 
remains  as  a  basement-bed  after  the  more  Gaolt-like  material  has 
thinned  out. 

3.  That  the  Norfolk  Oault,  as  a  whole,  is  much  more  calcareous 
than  the  Midland  Gault,  and  that  its  upper  portion  cannot  be  called 
a  clay,  but  is  a  light-grey  chalky  marl,  with  occasional  layers  of 
yellowish-grey  limestone. 

4.  That  the  fossils  of  these  limestone  bands  decide  the  real  age  of 
the  beds. 

5.  That  microscopical  examination  shows  a  decreasing  amount  of 
inorganic  matter  (quartz,  mica,  and  felspar)  as  the  beds  are  traced 
northward,  with  an  increasing  proportion  of  organic  material  (Fora- 
minifera  and  shell-fragments),  which  becomes  very  large  in  the 
Boydon  and  Grimston  Marls. 

6.  That  there  is  an  entire  absence  of  anything  comparable  to  the 
malmstones,  ragstones,  or  glauconitic  sands  of  the  so-called  Upper 
Greensand. 

The  increasing  amount  of  calcareous  matter  in  the  Gault  as  it  is 
traced  northward  through  Norfolk  is,  we  consider,  a  fact  of  much 
importance.  It  is  evident  that  in  passing  from  Dorsetshire  to 
Norfolk  we  travel  farther  and  further  away  from  the  source  of  the 
mechanical  sediment,  and  get  nearer  to  oceanic  conditions.  The 
quartzose  sands  of  the  so-called  Upper  Greensand  appear  to  die  out 
in  North  Wiltshire  or  in  Berkshire,  the  malmstones  die  out  in  Buck- 
inghamshire, and  marly  clays  of  the  Upper  Gault  take  their  place 
to  the  northward ;  in  Bedfordshire  this  Upper  Gault  is  very  cal- 
careous, and  it  is  still  more  so  in  Norfolk,  where  the  Lower  Gault 
also  becomes  calcareous,  and  the  whole  formation  gradually  passes 
into  a  thin  calcareous  deposit. 

Just  as  the  upward  succession  of  the  Gault  clays  at  Folkestone, 
from  the  dark-blue  pyritous  clay  of  the  Lower  Gault  to  the  light- 
grey  marly  clay  of  the  Upper  Gault,  indicates  in  all  probability  a 
deepening  of  the  sea  in  which  they  were  deposited,  so  the  lateral 
passage  from  the  argillaceous  Gault  of  Bedford  and  Cambridge  to 
the  marly  clays  of  West  Norfolk  means  an  increasing  depth  of  water 
and  distance  from  land  in  this  direction. 

These  considerations  are,  in  our  opinion,  quite  sufficient  to  explain 
why  the  Upper  Gault  in  the  centre  of  West  Norfolk  bears  so  great 
a  resemblance  to  Chalk-marl,  and  why  it  contains  layers  of  lime- 
stone and  red  clay. 

This  chalky  marl  is,  in  fact,  the  deep-water  representative  of  the 
Upper  Gault  and  so  much  of  the  Upper  Greensand  as  can  be  shown 
to  be  the  equivalent  of  the  Upper  Gault. 

ChaUc-marl, — ^With  respect  to  the  Chalk-marl  itself,  we  may 
summarize  our  results  as  follows : — 

1.  That  it  maintains  its  average  thickness  as  far  as  Stoke  Ferry, 
but  then  thins  rapidly  northward,  and  decreases  to  18  feet  at 
Hunstanton. 

2.  That  its  lithological  characters  alter,  the  upper  part  becoming 
harder  and  whiter  before  it  begins  to  thin ;  haid  beds  also  make 

2b2 
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their  appearance  below,  and  the  marly  beds  thin  out,  till  at  and 
beyond  GrimBton  the  whole  division  consiBts  of  hard  chalk. 

3.  That  for  a  certain  distance  its  basement-bed  is  a  glanoonitio 
marl,  but  that  this  thins  ont  beyond  Marham,  and  the  07erlying 
bed  of  hard  white  limestone  then  forms  its  basal  layer. 

4.  That  microscopical  examination  shows  that  the  proportion  of 
Foraminifera  and  recognizable  shell-fragments  increases  as  the  beds 
are  followed  northward,  and  that  the  hard  beds  of  north-west 
Norfolk  may  be  regarded  as  the  condensed  equivalent  of  the  true 
Chalk-marl,  differing  from  it  by  the  greatly  reduced  amount  of 
inorganic  matter  and  of  glauconite  grains. 

Bed  ChaUc. — We  are  now  in  a  position  to  indicate  the  bearing 
of  our  work  on  the  debated  question  of  the  exact  age  of  the  Red 
Chalk.  In  the  absence  of  anything  like  ordinary  Gault,  Upper 
Greensand,  or  Chalk-marl  at  Hunstanton,  the  remarkable  stratum 
which  there  lies  at  the  base  of  the  Chalk  has  been  referred  by 
different  observers  to  each  of  the  formations  which  appeared  to  be 
missing — ^to  the  Gault  by  most  of  the  earlier  writers  and  by  Mr. 
Wiltslure,  to  the  Upper  Greensand  by  Prof.  Seeley  (on  the  strength 
of  its  fosedls  being  similar  to  those  of  the  Cambridge  Greensand), 
and,  lastly,  to  the  ChaJk-marl  by  Mr.  Whitaker.  Everyone,  however, 
has  discussed  the  question  principally  from  a  local  point  of  vieWi 
founding  their  arguments  mainly  upon  a  consideration  of  the  rock 
and  its  fossils  as  seen  at  Hunstanton.  It  is  true  that  Mr.  C.  B. 
Bose  and  Mr.  Wiltshire  both  obtained  some  items  of  stratigraphical 
evidence,  but  they  were  rather  meagre,  while  the  value  of  Mr. 
Whitaker's  remarks  is  diminished  by  his  having  then  mistaken  the 
Upper  Gault  of  Norfolk  for  Chalk-marl. 

It  was  evident,  therefore,  that  the  problem  could  only  be  solved 
by  following  up  the  component  beds  of  the  Gault  and  Chalk-marl 
from  an  area  in  which  they  were  more  normally  developed.  Such 
stratigraphical  work,  however,  was  by  no  means  easy ;  for  these 
strata  form  a  low-lying  tract  of  country,  where  natural  or  artificial 
exposures  are  few,  and  where  they  are  often  concealed  by  spreads  of 
Boulder-clay  and  gravel.  We  think,  however,  that  the  borings  we 
have  made,  and  the  facts  we  have  observed,  are  sufficient  to  deter- 
mine the  stratigraphical  relations  of  the  beds  we  are  discussing. 

As  already  stated,  we  have  ascertained  that  in  Norfolk  there  is  a 
complete  but  rapid  or  sudden  transition  from  Upper  Ghiult  to  Chalk- 
marl,  without  the  intervention  of  any  quartzose  or  glauconitic 
sands ;  but  we  would  point  out  that  these  are  not  exceptional  relations, 
and  that  the  Stoke  and  Shouldham  sections  may  almost  be  matched 
near  Ivinghoe  in  Buckinghamshire  and  Tottemhoe  in  Bedfordshire. 
At  both  these  places  there  is  an  entire  absence  of  anything  which 
can  truly  be  called  Upper  Greensand,  and  there  is  a  complete  passage 
from  marly  Gault  into  Chalk-marl,  the  passage-bed  being  a  dark- 
grey  marl  with  many  spangles  of  mica  and  small  grains  of  glauconite. 
The  explanation  of  this  passage  is  that  the  sands  and  rock-beds  of 
the  so-called  Upper  Greensand  have  been  gradually  replaced  by  the 
mark  of  the  Upper  Gault,  while  the  green  glauconitic  marls  seem 
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to  have  tbinned  out,  so  that  there  is  a  direct  transition  from  the 
Gault-marl  to  the  Chalk-marl.  It  is  hardly  too  much  to  say  that  the 
structure  of  the  Totternhoe  district  affords  the  key  to  that  of  West 
Norfolk,  because  it  explains  that  passage  from  Gault  to  Chalk  which 
has  been  such  a  puzzle  to  those  who  have  examined  the  Norfolk 
sections.  It  is  now  evident  that  such  a  complete  transition  from 
one  formation  to  the  other  is  the  normal  condition  of  things  in  that 
part  of  England  which  lies  to  the  north-east  of  Buckinghamshire. 

This  being  so,  we  are  completely  relieved  from  the  necessity  of 
finding  an  equivalent  of  the  Upper  Greensand  as  distinct  from  the 
Upper  Gault  in  the  Hunstanton  section,  and  it  only  remains  to 
decide  whether  the  Red  Rock  in  that  section  is  the  equivalent  of  the 
Norfolk  Gault  or  of  the  Norfolk  Chalk-marl.  This  question  seems 
to  find  a  decisive  answer  in  the  following  considerations : — 

1.  That  the  Norfolk  Gaxilt  becomes  increasingly  calcareous  towards 
the  north,  till  at  Dersingham  it  passes  into  7  feet  of  marly  and 
chalky  material,  the  lower  portion  of  which  is  coloured  red. 

2.  That  the  microscopical  structure  of  the  Hunstanton  rock  bears 
the  same  relation  to  the  red  and  yellow  marls  of  Dersingham  that 
the  hard  Chalk-marl  of  Norfolk  does  to  the  softer  Chalk-marl  of 
Cambridgeshire. 

3.  That  the  hard  whitish  limestone  which  overlies  the  represen- 
tative of  the  Gault  from  Grimston  to  Dersingham  is  identical,  in 
our  opinion,  with  the  so-called  "  spong^bed "  which  overlies  the 
Bed  Rock  at  Hunstanton. 

4.  That  the  fossils  are  chiefly  Gault  species,  and  are  such  as 
would  constitute  a  deep-sea  fauna  contemporaneous  with  that  of  the 
shallower  and  muddier  water  in  which  the  Gault  of  South  England 
was  formed. 

From  these  premises  we  come  to  the  inevitable  conclusion  that 
the  Red  Rock  of  Hunstanton  must  be  the  equivalent  of  the  Gaidt, 
and  not  of  its  upper  division  only,  but  that  it  is  a  condensed  repre- 
sentative of  both  Lower  and  Upper  Gault,  formed  outside  the  limits 
of  the  area  reached  by  mud-bearing  currents. 

Cambridge  Oreensand. — It  has  been  stated  above  that  the  transi- 
tion from  Gault  to  Chalk-marl  must  be  regarded  as  the  normal  state 
of  things  in  the  counties  of  Bedford,  Hertford,  Cambridge,  Suffolk, 
and  Norfolk.  Now  it  is  true  that,  over  a  large  part  of  this  area, 
there  is  no  such  transition,  but,  on  the  contrary,  a  plane  of  erosion 
between  the  two  formations,  and  a  nodule-bed  at  the  base  of  the 
Chalk-marl,  containing  fossils  and  phosphates  derived  from  the 
Gault.  But  this  must  be  regarded  as  an  abnormal  condition  of 
things  ;  as  explained  by  one  of  us  twelve  years  ago*,  the  Hertford 
and  Cambridge  area  was  part  of  a  tract  of  the  sea-bottom  which  was 
invaded  by  rapid  currents,  and  over  this  tract  a  certain  portion  of 
the  Gault  was  sifted  and  swept  away.  In  the  south  of  England  the 
interval  is  represented  by  certain  glauconitic  sands  and  marls ;  but  in 
Norfolk  there  seems  to  have  been  simply  an  absence  of  deposition, 

*  Jukes-Browne  on  "  The  BelationB  of  the  Cambridge  Gault  and  Greensand." 
Quart.  Joum.  GeoL  Soo.  vol.  zxxi.  p.  256  et  seq. 
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the  interval  being  here  marked  by  the  sudden  change  from  Gault  to 
Chalk-marl,  and  from  "  Red  Rock  "  to  white  limestone. 

The  diagram,  fig.  6,  is  drawn  with  the  view  of  illustrating  the 
normal  succession  in  the  counties  referred  to,  and  the  manner  in 
which  this  is  broken  by  the  erosion  of  the  upper  part  of  the  Gault 
over  a  certain  space.  From  this  it  will  be  seen  that  we  are  pre- 
sented, as  it  were,  with  the  two  ends  of  the  stratigraphical  chain, 
and  that,  in  the  interval  beween  Totternhoe  and  Stoke  Ferry,  the 
total  thickness  of  the  Gault  has  diminished  from  about  230  feet  to 
60,  the  difference,  170  feet,  being  entirely  the  result  of  thinning- 
out.  The  additional  information  which  has  been  obtained  since  the 
publication  of  the  paper  on  '*  The  Relations  of  the  Cambridge  Gault 
and  Greensand,"  makes  it  now  possible  to  estimate  more  accurately 
the  width  of  the  area  over  which  erosion  took  place,  and  the 
maximum  amount  of  the  Gaulfc  which  was  removed  from  the  central 
portion  of  this  area. 

In  the  first  place  we  must  point  out  that,  though  there  is  a  steady 
decrease  in  the  total  thickness  of  the  Gault,  yet  between  Tring  and 
Hitchin  there  would  appear  to  be  an  increase  in  the  thickness  of 
the  Lower  Gault  from  150  to  204  feet,  so  that  if  the  Upper  Gault 
had  maintained  the  thickness  it  presents  near  Tring,  namely,  80 
feet,  the  formation  would  have  had  a  thickness  of  at  least  284  feet 
near  Hitchin  and  Arlesey.  There  is,  however,  good  reason  to  believe 
that  the  Upper  Gault  becomes  rapidly  thinner  as  it  is  traced  north- 
ward, and  could  never  have  been  more  than  20  or  30  feet  thick  at 
Hitchin,  so  that  the  original  thickness  of  the  Gault  there  was  pro- 
bably about  the  same  as  near  Tring,  though  the  relative  thicknesses 
of  the  two  subdivisions  were  different. 

North  of  Arlesey  the  Lower  Gault  diminishes  in  thickness,  and  it 
is  assumed  that  this  is  mainly  due  to  the  erosion  it  has  undergone ; 
it  is  not  improbable,  however,  that  this  division  attained  its  greatest 
thickness  at  or  near  Arlesey,  and  that  it  thinned  northward  aa 
rapidly  as  it  did  and  does  to  the  southward.  On  this  supposition  it 
would  have  had  a  thickness  of  150  feet  at  Cambridge,  and  to  this 
must  be  added  a  certain  thickness  (say  20  feet)  for  the  Upper 
Gault. 

The  diagram,  fig.  7,  shows  the  actual  surface  of  the  Gault  be- 
tween Cheddington  (near  Tring)  and  Dersingham  in  Norfolk,  and 
the  broken  lines  show  what  we  suppose  to  have  been  the  original 
surfaces  of  the  Lower  and  Upper  Gault  respectively.  From  Arlesey 
to  Cambridge  these  are  drawn  in  accordance  with  the  inference  that 
the  Gault  was  originally  ]  70  feet  thick  at  the  latter  place,  and,  as 
we  believe  that  the  Gault  at  Stoke  Ferry  has  not  suffered  from 
erosion,  the  diagram  is  easily  completed  by  joining  the  lines  between 
Cambridge  and  Stoke.  It  will  be  seen  that  the  slope  thus  obtained 
agrees  very  nearly  with  that  of  the  actual  surface  between  Stoke 
and  Dersingham. 

If  the  data  on  which  this  diagram  is  founded  are  correct,  the 
maximimi  amount  of  Gault  removed  from  any  part  of  the  eroded 
area  appears  to  be  50  feet.    The  base  of  the  Gault  is  drawn  ae  a 
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horizontal  line,  bnt  it  wonld  not  make  any  difference  to  this  calcula- 
tion if  it  were  a  curved  one.  It  is  quite  possible  that  the  Oault 
below  Arlesey  fills  up  a  hollow  in  the  surface  of  the  Lower  Green- 
sand,  and  that  its  upper  surface  is  nearly  level,  but  the  thicknesses 
would  of  course  remain  the  same. 

It  might  be  said  that  the  assumed  thickness  of  the  6&ult  at  Cam- 
bridge (170  feet)  is  too  great,  and  that  the  Lower  Gault  may  have 
thinned  out  more  rapidly  northward  of  Arlesey  than  it  does  south- 
ward ;  but  we  reply  that  on  the  other  hand  it  may  have  continued 
to  thicken  for  some  distance  north  of  Arlesey,  for  we  have  no  real 
evidence  to  the  contrary.  We  think  that,  consideriug  all  the  cir- 
cumstances, the  thickness  we  have  assigned  is  a  reasonable  one,  and 
that  the  projection  as  shown  in  the  diagram  has  a  more  natural 
appearance  dian  if  the  original  thickness  at  Cambridge  were  taken 
to  be  less. 

A  further  inference  may  be  drawn  from  this  diagram,  for  if  it  is 
a  fairly  accurate  representation  of  the  facts,  it  will  enable  us  to 
predicate  the  probable  limit  of  the  Cambridge  Greensand  in  a 
northerly  direction.  This  will  be  indicated  by  the  point  where  the 
line  representing  the  original  slope  of  the  Gault  meets  the  line 
representing  its  present  surface ;  now  the  prolongation  of  the 
present  slope  norUi  of  Soham  meets  the  line  for  the  base  of  the 
Upper  Gault  at  a  point  about  seven  miles  south  of  Stoke  Ferry,  and 
hence  it  may  be  expected  that  the  Cambridge  Coprolite-bed  will  be 
found  to  extend  beneath  the  fens  to  this  point,  or  at  any  rate  for  a 
distance  of  10  miles  beyond  Soham.  It  is  probable  that  the  number 
of  derived  nodules  and  fossils  diminished  gradually  to  the  north- 
ward, and  that  the  bed  passes  gradually  into  the  glauconitic  marl  of 
Btoke  Ferry :  and  further,  since  we  found  a  derived  phosphatio 
specimen  of  Avicuta  gi^yphceoides  in  that  marl,  it  is  evident  that 
Btoke  cannot  be  far  beyond  the  limits  of  the  eroded  area. 

Totternhoe  Stone. — The  stratigraphical  importance  of  this  band 
lies  chiefly  in  its  affording  the  means  of  fixing  the  upper  limit  of 
the  Chalk-marl ;  for  if  this  stone  had  not  been  recognizable,  it  would 
have  been  very  difScult  to  draw  any  line  between  the  Grey  Chalk 
and  the  still  harder  chalk  representing  the  Chalk-marl ;  but,  as  a 
consequence  of  tracing  this  stone  through  the  west  of  Norfolk,  we 
were  able  to  recognize  the  horizon  in  the  Hunstanton  difis^  and 
thus  to  give  a  more  satisfactory  reading  of  that  section  than  any 
which  has  hitherto  been  proposed. 

The  Totternhoe  Stone  partakes  in  the  universal  attenuation  of 
the  Lower-Chalk  strata  in  West  Norfolk,  diminishing  from  20  feet 
at  BurweU  to  4  feet  at  Stoke  Ferry,  and  2  feet  at  Hunstanton,  but 
its  lithological  characters  undergo  ver}^  little  alteration. 

Grey  Chalk. — It  is  interestiug  to  observe  that  the  chalk  over- 
lying the  Totternhoe  Stone  exhibits  the  same  separation  into  a  lower 
grey  and  an  upper  white  portion  that  we  have  observed  in  this 
division  elsewhere ;  the  characters  of  the  upper  white  portion  are,, 
indeed,  more  distinctly  marked  than  they  are  further  south,  the  rock 
being  so  much  harder  than  the  underlying  grey  chalk  that  in  old 
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pits  it  has  a  tendency  to  fonn  an  overhanging  cornice.  In  thick- 
ness this  part  of  the  Lower  Chalk  diminishes  from  about  80  feet  near 
Newmarket  to  about  35  feet  near  Hunstanton. 

BeUmnite  Marls, — The  component  strata  of  this  zone  are  so  per- 
sistent in  the  midland  counties  that  we  were  not  prepared  to  find 
such  a  difference  in  the  Norfolk  sections,  and,  in  the  absence  of  any 
exposures  between  Snailwell  and  Whittington,  we  can  only  say  that 
a  great  change  takes  place  in  the  interval,  and  that  this  change  is 
in  harmony  with  those  exhibited  by  the  other  beds.  It  consists  in 
a  diminution  in  the  amount  of  the  muddy  ingredient,  and  this  con- 
densation continues  till,  in  the  north  of  Norfolk,  the  marly  element 
is  almost  eliminated,  so  that  in  the  absence  of  fossil  evidence  it 
becomes  impossible  to  recognize  the  horizon. 

The  Melhoum  Eocic,  which  forms  the  base  of  the  zone  of  Bhyn- 
chonella  Cuvieri  and  of  the  Middle  Chalk,  presents  substantially  the 
same  characters  as  it  possesses  in  the  counties  of  Cambridge  and 
Hertford.  It  is  evident  that  at  this  time  deep-sea  conditions  pre- 
vailed over  the  whole  area,  consequent  perhaps  upon  an  accele- 
ration in  the  rate  of  subsidence,  so  that  a  deposit  of  the  same  kind  of 
sediment  was  formed  over  a  large  area. 

In  conclusion,  we  would  point  out  that  the  total  amount  of  diminu-- 
tion  in  the  thickness  of  the  Lower  Chalk  between  Newmarket  and 
Hunstanton  is  115  feet,  being  the  difference  between  170  feet  at 
Newmarket  and  55  feet  near  Hunstanton.  In  spite,  however,  of 
the  reduced  thickness  of  the  Lower  Chalk  in  West  Norfolk,  we 
have  found  that  its  zonal  divisions  can  be  brought  into  harmony 
with  those  which  have  been  established  in  the  midland  and  southern 
counties. 

This  having  been  done,  we  now  possess  a  surer  basis  for  the 
study  of  the  Lower  Chalk  of  Lincolnshire,  which  is  known  to  be 
generally  similar  to  that  of  West  Norfolk.  The  Tottemhoe  Stone 
has  not  yet  been  identified  in  the  northern  counties,  but  the  Hun- 
stanton section  shows  that  its  attenuated  representative  may  still  be 
found  in  Lincolnshire,  since  the  Lower  Chcdk  is  certainly  somewhat 
thicker  than  it  is  near  Hunstanton. 

Discussion. 

The  PBEsmENi  remarked  on  the  di£Sculty  of  correlating  a  seriea 
of  beds  which  have  become  greatly  attenuated  and  meet  together. 
He  also  commented  on  the  difference  of  opinion  as  to  the  palsdonto- 
logical  evidence  where  the  fauna  is  elsewhere  so  largely  developed. 
There  was  a  difference  as  to  geological  position,  though  general 
agreement  as  to  thinning. 

Mr.  E.  T.  Newton  acknowledged  how  much  the  Society  was  in- 
debted to  the  Authors.  He  was  not  acquainted  with  the  district  in 
question,  but  had  at  different  times  been  consulted  by  both  Mr.  Hill 
and  Mr.  Clement  Beid.  Unfortunately  circumstances  had  prevented 
those  gentlemen  from  meeting  to  discuss  this  question,  although 
they  were  desirous  of  doing  so.     With  regard  to  the  fossils  collected 
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by  Mr.  Reid  at  West  Dereham,  the  g:reater  part  were  phosphatized, 
and  might  have  been  derived  ;  but  the  few  which  evidently  belonged 
to  the  bed  were  thought  to  indicate  Chalk-marl  rather  than  Ganlt. 
Fragments  of  large  Inoeerami  were  such  as  occur  in  the  Chalk. 
The  correlation,  by  the  Authors,  of  the  Hunstanton  Bed  Chalk  with 
the  Gauit,  if  proved,  was  of  great  interest 

Dr.  HiNDB  also  spoke  in  verification  of  the  Authors'  work. 

Mr.  HxTDLESTOJf  regretted  the  length  of  time  which  had  elapsed 
jsince  he  had  entertained  any  of  these  questions,  but  the  paper  waa 
calculated  to  arouse  the  old  interest.  He  had  always  thought  that 
the  fossil  contents  of  the  Hunstanton  red  rock  pointed  most  clearly 
to  its  being,  in  the  main,  on  the  horizon  of  the  Upper  Gaolt.  These 
were,  in  the  main,  Mr.  Wiltshire's  original  views,  and  the  objections 
arising  from  lithological  differences  had  been  surmounted  years  ago. 
Consequently  it  was  with  the  utmost  surprise  that  he  had  read  from 
time  to  time  the  several  interpretations  which  had  been  put  forth. 
In  the  present  paper  it  would  seem  that  the  Authors  claimed  that 
the  Hunstanton  red  rock  represented  the  whole  of  the  Gault.  Cer- 
tainly the  occurrence  of  Amm,  interruptus  in  the  chalky  G^ult  a 
very  few  miles  south  of  Hunstanton  was  in  favour  of  this  view,  but 
he  should  like  to  know  of  its  occurrence  at  Hunstanton.  The  attenu- 
ation of  the  various  beds  so  carefdlly  traced  out  by  the  Authors, 
besides  tending  to  throw  much  light  on  the  basal  Upper  Cretaceous 
in  Lincolnshire,  would  ultimately  explain  what  had  hitherto  been 
regarded  as  an  anomaly  in  the  Chalk  of  Yorkshire. 

Mr.  Tball  had  not  studied  the  subject  since  he  wrote  his  essay 
on  the  Potton  and  Wicken  phosphatic  deposits.  He  was  pleased  to 
find  that  there  was  good  reason  to  believe  that  he  had  not  made  a 
mistake  in  recording  the  occurrence  of  Gault  in  West  Dereham.  The 
section  waa  well  exposed  when  he  examined  it,  and  he  satisfied 
himself  that  the  phosphatic  nodules  were,  to  some  extent,  at  least, 
indigenous  to  the  deposit  in  which  they  were  found. 

Mr.  Jukes-Brownr,  in  reply,  alluded  to  the  differences  of  opinion 
expressed  by  his  colleagues  on  the  Survey,  and,  as  Mr.  Newton  had 
said,  they  had  not  yet  met  with  a  view  to  coming  to  an  agreement, 
but  he  believed  that  it  would  be  found  that  the  work  done  in 
Norfolk  would  have  much  bearing  upon  the  interpretation  in 
Lincolnshire  and  Yorkshire.  Mr.  Reid  had  given  up  his  reliance 
on  the  stratigraphy.  The  presence  of  Amm.  inlerruptus  in  the 
base  of  the  Marl  at  West  Dereham  was  a  fact  that  could  not  be  got 
over.  The  presence  of  a  nodule-bed  did  not  necessitate  any  great 
break  in  the  sequence ;  it  merely  represented  the  residual  washings 
of  a  certain  amount  of  sediment.  Their  paper  was  a  confirmation  of 
Mr.  Wiltshire's  conclusions,  and  that  autiior  had  himself  heard  of  a 
red  bed  overlain  by  grey  clay  near  Elitcham.  The  Hunstanton 
specimen  of  Amm,  interruptus  ought  to  be  in  the  Woodwardian 
Museum.  He  would  remark  that  Amm,  rostratus  was  not  confined 
to  the  Upper  Gault,  but  was  common  in  the  Lower  Gault  of  Buckings 
hamshire,  where  there  was  a  mixture  of  Upper  and  Lower  Gault 
forms  of  Ammonites. 


Digitized  by  LjOOQ IC 


ON  GB00TB8  AND  aiTABIZIIB  BOULDEBS  AT  DTTIONFIEU).  599 


40.  On  Gbooves  and  Quabtzite  Bottldebs  in  the  Eooeb  Mine  at 
DuKiNPiBLD.  By  Jajces  Eadolipfb,  Esq.,  E.G.S.  (Bead 
March  23, 1887.) 

Tm  Boger  Mine,  shown  on  Ordnance  sheet  no.  105,  six-inch  scale, 
of  Ashton-under-Lyne  and  Dukinfield,  is  extensively  worked  at 
Denton,  Dukinfield,  Ashton-nnder-Lyne,  and  in  the  neighbourhood 
of  Oldham. 

At  Dukinfield  coal  is  being  worked  at  a  depth  of  five  hundred  and 
fifty  yards,  and  averages  about  four  feet  in  thickness.  Qnartzite 
bonlders  have  from  time  to  time  been  found  in  this  mine,  and  have 
been  noticed  on  various  occasions  in  communications  to  the  Man- 
chester Geological  Society,  in  vols.  xiii.  and  xiv.  of  their  Transact 
tions. 

The  groovings  and  boulders  are  not  found  in  any  mine  or  strata 
in  this  neighbourhood,  except  in  what  is  known  as  the  Boger  Mine, 
which  lies  near  the  top  of  the  middle  series  of  the  Manchester 
coalfield.  But  occasionally  quartzite  pebbles  have  been  found  by 
Mr.  G.  Wild,  of  Bardsley,  in  the  Arley  and  Pomfret  Mines.  The 
single  groovings  vary  in  depth  from  a  few  inches  to  eighteen  inches, 
and  in  width  from  one  foot  to  three  feet.  Occasionally  several  of 
these  grooves  run  close  together,  and  then  widen  out  into  one  broad 
"  80our,"or  groove,  of  fifteen  or  even  eighteen  feet  wide,  as  if  the 
base  of  a  large  moving  body  had  come  in  contact  with  the  upper 
surface  of  the  coal-bed.  These  grooves  have  been  traced  at  intervals 
over  a  distance  of  from  five  to  six  hundred  yards  in  length,  and  from 
fifty  to  sixty  yards  in  width. 

The  Boger-Mine  seam  of  coal  is  composed  of  three  divisions : — 
the  "  upper,"  a  soft,  bright,  free-burning  coal ;  the  "  middle,"  or 
"  bony-band,"  a  hard,  dull,  stony-looking  coal ;  the  "  lower,"  or 
bottom  bed,  a  dull-looking  coal  with  two  partings.  The  dip  of  the 
measures  is  west,  and  has  an  inclination  of  18  degrees.  The 
mean  line  of  bearing  of  the  grooves  is  S.  50°  £. ;  line  of  fault-slips 
Ac.  is  8.  26°  W.  The  line  of  the  grooves  is  not  connected  witii, 
nor  is  it  nearly  parallel  to,  any  fault  or  fault-slips.  There  are  no 
faults  or  dislocations  of  the  strata  for  a  considerable  distance  from 
where  these  grooves  are  seen.  No  fossil  trees  or  specimens  of 
Stigmaria  Jieoides  are  found  with  the  boulders,  or  in  the  immediate 
neighbourhood  of  the  grooves.  The  cleavage  of  the  coal  is  about 
S.  15P  E. 

All  the  fault-slips,  joints,  &c.  come  upwards  through  the  floor 
beneath  the  coal,  through  the  coal,  and  into  the  roof  overlying  the 
coal,  which  is  not  the  case  with  the  grooves ;  these  are  not  seen  in 
the  floor,  nor  do  they  ever  reach  the  bottom  of  the  coal ;  they  rarely 
extend  to  the  middle  coal,  the  '< bony-band"  being  undisturbed 
except  in  two  cases  1  noticed :  one  in  the  form  of  an  undulating 
ridge  in  the  *'  bony-band  '*  on  one  side  of  the  groove,  as  if  caused  by 
pressure  from  the  centre  of  the  groove,  which,  being  in  the  upper 
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part  of  the  seam  only,  the  cause  muBt  have  been  from  above,  and  not 
from  below;  the  groove  could  not  be  made  from  below  without 
affecting  the  strata  below  the  coal,  and  the  coal  in  which  the  groove 
is  made.  In  the  case  of  our  faults  &c.,  the  cause  is  irom  below,  for 
we  often  find  them  in  a  lower  seam,  and  entirely  absent  from  the 
upper  ones. 

In  the  cross-sections  of  the  grooves  are  seen  layers  of  the  same 
kind  of  shale,  varying  in  colour  exactly  the  same  as  on  each  side 
where  the  coal-seam  is  intact ;  these  layers  increase  in  thickness  at 
the  lower  part  of  the  groove,  and  gradually  lessen  in  thickness  as 
they  near  the  top  of  the  groove,  until  they  become  parallel  to  the 
layers  in  the  strata  on  each  side  of  the  groove,  the  sides  of  which 
are  raised  up  a  little,  as  if  they  had  been  pressed  by  the  passage  of  a 
body  along  the  groove.  Where  the  sides  are  so  pressed  the  "  bord  " 
or  "  cleat "  of  the  coal  is  destroyed,  and  often  a  mixture  of  coal  and 
earthy  matter  is  present.  The  groovings  always  commence  with  a 
narrow  "  scour  "  or  small  groove,  then  increase  in  breadth  and  depths 
and  afterwards  thin  entirely  out. 

Fig.  1. — Plan  of  the  Roger  Mine,  DukinJUld, 
(Scale  100  yards  to  1  inch.) 


The  tinted  bands  indicate  grooTes. 

On  the  plan  (fig.  1)  is  shown  the  position  in  which  several  of 
these  boulders  were  found. 

One  of  the  boulders  exhibited,  with  the  block  of  coal  upon  which 
it  lay,  showed  that  the  upper  side  of  this  block  of  coal  is  inferior 
in  quality,  a  common  occurrence  immediately  round  about  the 
boulders  ;  the  coal  under  the  boulder  shows  a  considerable  amount 
of  compression. 
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The  roof  in  which  these  honlders  axe  partly  imhedded  (part  in 
roof  and  part  in  coal)  consists  of  a  grey  shale,  of  an  argillaceous 
character,  with  dark  shades  of  carbonaceous  shale  forming  layers 
varying  in  colour  and  from  three  to  four  feet  in  thickness  up  to  a 
black  parting,  above  which  is  a  light-grey  shale  with  rock  binds;  the 
floor  upon  which  the  Roger  coal  rests  is  an  inferior  fire-clay  mixed 
-with  bands  of  coaly  matter. 

Figs.  2-5. — Boulders  in  Coal^  in  the  Roger  Mine. 
Fig.  2.  Fig.  3. 


Fig.  4.  Fig.  5. 


a.  Metal  wiib  rock-bands.  c.  Soft  holing  dirt. 

6.  Coal.  d.  Inferior  ^e-clay. 

The  boulders  are  coal-blackened  only  as  far  as  they  are  buried 
in  the  coal,  and  appear  to  have  been  dropped  quietly  on  to  a  soft 
bottom ;  in  one  instance  the  boulder  stood  edgeway  up,  not  flat 
down  as  the  others  were. 

The  sectional  sketches  (figs.  2-5)  show  the  positions  the  boulders 
occupied  in  the  measures  in  which  they  were  found,  they  being 
foreign  to  the  surrounding  strata,  much  harder,  different  in  form 
and  structure. 

No.  2  boulder  (fig.  2)  found  imbedded  in  the  coal,  the  upper  edge 
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flattened,  and  level  with  the  top  of  the  coal-seam ;  it  is 
rough,  angular,  and  pitted  with  holes  from  three  eighths 
to  three  quarters  of  an  inch  in  depth,  on  its  sides  and 
end. 

"No,  3  boulder  (6g.  3)  found  on  the  top  of  the  coal-seam,  but  only 
partly  imbedded  in  the  coal,  the  other  part  in  the  roof,  the 
layers  of  which  were  parallel  on  each  side  of  the  boulder ; 
the  top  and  one  side  flattened,  subangular,  the  carbonaceous 
coating  mixed  with  iron  pyrites. 

No,  4  boulder  (fig.  4),  very  smooth  and  round,  found  entirely 
covered  by  the  coal,  the  top  of  the  boulder  being  six  inches 
below  the  top  of  the  coal ;  where  this  occurs  the  coal  cover- 
ing the  boulder  is  of  an  inferior  character  and  shaly,  often 
mixed  with  thin  partings  of  dirt  and  shale. 

"No,  6  boulder  (fig.  5)  found  resting  on  the  coal-seam,  a  little 
imbedded,  and  partly  surrounded  by  coal-shale,  and  covered 
with  the  roof,  same  in  kind  as  the  surrounding  strata ;  sur- 
face smooth. 

For  the  following  details  of  the  mineral  composition  of  these 
boulders,  I  am  indebted  to  the  kindness  of  Professor  Bonney,  F.R.S. 

No.  1  boulder  weighs  one  hundred  and  sixty-six  pounds,  and  is 
'*  a  quartzite,  grains  mostly  angular,  some  subangular,  a  few  mode- 
rately rounded,  maximum  about  '027",  but  the  majority  about  half 
the  size;  occasional  small  grains  of  chalcedonic  aspect,  such  as 
might  come  from  a  very  minutely  granular  quartzite,  a  vein,  or  a 
fine-grained  schist.  There  are  besides,  some  small  opaque  grains, 
probably  iron -oxide,  a  few  of  a  mineral  resembling  a  rather  dirty 
epidote,  and  two  or  three  of  tourmaline,  with  some  flakes  of  white 
mica,  and  perhaps  a  little  felspar." 

No.  2  boulder  weighs  one  hundred  pounds.  "  A  hard  quartzose 
grit,  composed  of  fragments  much  about  the  same  size  and  shape  as 
in  the  last ;  but  in  these  there  is  a  larger  proportion  of  the  chalce- 
donic quartz,  which  sometimes  strongly  suggests  a  derivation  from 
a  very  fine-grained  schist.  There  is  also  a  considerable  number  of 
brown  earthy-looking  grains ;  these  may  be  decomposed  felspar,  but 
many  of  them  have  much  more  the  appearance  of  a  decomposed  de- 
vitrified  rhyolite,  though  not  of  a  very  aeid  type ;  some  may  be  com- 
pact argillites.  The  evidence  as  to  the  nature  of  these  is  hardly 
conclusive.  The  slide  contains  a  very  few  flakes  of  mica,  and  a 
grain  or  two  of  epidote,  hornblende  (?),  and  tourmaline,  but  fewer 
than  in  the  last  case." 

No.  3  boulder  weighs  four  pounds.  "  A  fine-grained  grit  formed 
of  fragments  commencing  about  *005"  in  diameter;  angular  in 
shape,  consisting  of  quartz,  a  felspathic  substance  (as  to  the  exact 
nature  of  which  it  is  diflScult  to  pronounce),  about  equal  in  quantity 
to  the  quartz.  There  are  flakes  of  mica,  green-coloured  and  white, 
granules  of  iron-oxide,  and,  as  before,  one  or  two  grains,  probably 
epidote  and  tourmaline." 

No.  4  boulder  weighs  twelve  pounds.    "  A  rock  very  similar  to 
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No.  1,  but  perhaps  with  a  shade  more  earthy  matter  among  the 
granules  of  quartz.     We  find  the  same  adventitious  minerals." 

No.  5  boulder  weighs  five  pounds.  "  A  grit  somewhat  resem- 
bling No.  2,  or  intermediate  in  character  between  it  and  No.  3. 
Fragments  rather  distinctly  angular.  I  recognize  some  felspar  by 
its  plagioclastic  twinning,  but  a  good  many  of  the  grains  suggest 
either  an  argUlite  or  a  decomposed  rhyolitic  rock.  There  are  gran- 
ules and  specks  of  iron-oxide,  two  or  three  grains  of  tourmaline,  and 
a  few  flakes  of  mica." 

No.  6  boulder  weighs  thirty-one  pounds.  "  A  quartz-grit,  rather 
ferrite-stained  ;  grains  rather  variable  in  size  and  shape,  the  larger 
and  rarer  about  '026"  diameter.  The  quartz,  besides  minute  cavities, 
contains  occasional  belonites,  rutile  (?) ;  one  or  two  grains  are  chaloe- 
donic.  There  are  also  grains  of  iron-oxide,  epidote  aud  tourmaline 
(rare),  and  flakes  of  mica  and,  as  before,  a  few  fragments  of  de- 
composed felspar  (?). 

''  In  more  tiian  one  of  these  specimens  secondary  quartz  can  be 
seen,  deposited  in  crystalline  continuity  with  the  original  fragments. 
Nos.  1  and  4,  especially,  bear  a  very  close  resemblance  to  the  rock 
of  a  quartzite  pebble  foimd  by  Mr.  Gresley  in  a  coal-seam  in  Leices- 
tershire, and  to  that  of  a  large  pebble  taken  out  of  the  thirteenth 
coal  at  the  Cannock-Chase  Colliery  near  Rugeley. 

"  These  quartzites  present  considerable  resemblance  to  the  rocks 
of  some  of  the  pebbles  in  the  Bunter  conglomerate  of  the  midland 
counties,  in  which  occasional  grains  of  tourmaline,  and  of  the  mineral, 
which  I  have  identified  as  probably  epidote,  may  be  found. 

"  They  also  resemble  some  of  the  quartzites  in  the  Loch-Maree 
district,  in  which  also  these  two  minerals  may  be  detected." 


Discussion. 

Mr.  W.  W.  Smyth  said  the  occurrence  of  the  boulders  was  an  in- 
teresting phenomenon,  on  account  of  the  absence  of  pebbles  generally 
throughout  the  Coal-measures  above  the  Millstone  Grit.  Only  now 
and  then,  throughout  the  enormous  area  of  coal  daily  raised,  some  of 
these  boulders  were  unearthed.  The  boulders  are  worn  on  the 
surface,  polished  and  sometimes  striated.  He  had  seen,  in  company 
with  the  late  Mr.  Binney,  a  number  of  these  boulders,  some  with  a 
coating  of  coal,  others  partly  coated  with  a  film  of  iron  pyrites,  just 
like  some  slickenside  surfaces.  One  popular  explanation  was  that  these 
boulders  were  meteorites,  an  utterly  untenable  supposition.  He  had 
never  seen  one  of  these  boulders  actually  imbedded.  The  whole 
subject  so  far  appeared  to  be  very  obscure. 

Prof.  BoTD  Dawxhts  said  such  boulders  were  far  from  uncommon 
in  parts  of  Lancashire,  and  all  appear  to  be  of  a  very  similar  quartzite 
to  the  specimens  exhibited.  The  grooves  were  not  necessarily  con- 
nected with  the  boulders.  The  upper  surface  of  a  coal-seam  was 
generally  uneven,  and  often  showed  denudation  by  water.  He  had 
£een  remarkable  markings  made  apparently  by  snags.      He  was 
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inclined  to  think  that  the  boalders  came  from  some  of  the  Prewar* 
boniferous  conglomerates  in  the  north  of  England  and  Scotland. 
These  bonlders  may  have  been  transported  to  l^eir  present  position 
by  roots  of  trees. 

Mr.  Blajtfobd  suggested  that  the  grooves  might  have  been  cansed 
by  floods  at  the  time  when  the  beds  were  being  deposited.  He 
had  seen  similar  excavations  in  plains  over  which  water  had  passed. 
He  also  noticed  how  rapidly  evidence  of  glacial  action  in  Car- 
boniferous times  is  accnmnlating  in  various  parts  of  the  world. 

Prof.  BoHBBT  pointed  out  that  boulders  were  sometimes  imbedded 
in  the  coal,  and  did  not  always  project  above  the  c 
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41.  On  CHOiTDBosTErs  AciFENSEBOiDES,  Agossiz. 
By  JiMEs  W.  Davis,  Esq.,  F.L.S.,  &c.    (Bead  March  9,  1887.) 

[Platb  xxni.] 

Two  species  of  Chondrosteus  have  heen  described  by  Sir  Philip 
Egerton,  viz.  Chondrosteus  adjpenseroidcs  and  (7.  crassior.  Both 
were  obtained  from  the  Lias  of  Lyme  Hegis.  The  former  species 
was  known  to  Louis  Agassiz,  who  named,  but  did  not  de- 
scribe it  ('  Foissons  Fossiles,'  vol.  ii.  part  2,  p.  280).  In  1858 
Egerton  communicated  a  paper  to  the  Royal  Society  (PhiL  Trans. 
voL  zlviii.  p.  871)  on  Chondrosteus,  in  which  he  described  a  number 
of  specimens,  which  he  referred  to  the  species  named  by  Agassiz  and 
to  the  seoond  one  named  above.  The  specimen  which  afforded  the 
most  perfect  description  was  in  a  slab  of  indurated  shale.  A  part 
of  the  head  and  the  tail  were  missing;  the  length  of  the  parts 
preserved  was  15  inches,  and  the  total  length  of  the  fish  was  esti- 
mated at  24  inches.  This,  together  with  examples  of  the  head  of 
(7.  aeipenseroides,  and  a  head  and  a  good  example  of  the  tail  of 
C  crassior,  afforded  a  large  amount  of  detailed  information,  on  which 
Sir  Philip  Egerton  was  enabled  to  base  the  description  and  the  deter- 
mination of  the  genus.  The  characters  of  the  species  are  indicated 
as  follows  (he.  cit,  p.  883) : — "  The  numerous  specimens  derived  from 
smaller  individuals  present  indications  of  two  species,  one  having 
the  bones  of  the  head  thin  and  smooth,  the  other  being  characterized 
by  stronger  cranial  plates,  having  a  granulated  exterior.  The  anal 
fins  of  the  latter  are  more  massive,  and  have  the  transverse  articu- 
lations at  shorter  intervals.  I  propose  to  retain  the  Agassizian 
name  Chondrosteus  acipenseroides  for  the  former,  and  to  designate 
the  latter  as  Chondrosteus  crassior/*  In  addition  to  these,  mention 
is  also  made  of  a  third  species,  C,  jpa^ehyurus,  a  large  fish,  estimated 
at  5  feet  in  length  ;  only  fragments  were  known,  the  tail  being  most 
perfectly  preserved.  Of  the  tail,  the  most  remarkable  character  is 
"  the  excessive  development  of  the  scales  bordering  the  upper  margin. 
The  size  and  solidity  of  these  scales  is  such  that  they  more  resemble 
the  broad  teeth  of  an  Acrodus  than  any  dermal  development  with 
which  I  am  acquainted."     The  length  of  the  tail  is  about  18  inches. 

Examples  of  the  fossil  fishes  of  the  genus  Chondrosteus,  Agass.,  are 
not  unfirequently  found  in  the  lias  shales  of  Lyme  Ecgis ;  but  it  rarely 
happens  ttiat  a  specimen  is  found  so  well  preserved  as  the  one  it  is 
now  proposed  to  describe  (PL  XXIII.).  The  head  (with  the  excep- 
tion of  the  snout),  the  trunk,  and  the  tail  are  exceptionally  complete, 
and  during  fossilization  have  maintained  their  proper  relative 
position.  The  bones  remaining  in  their  natural  position  afford 
evidence,  which  has  not  hitherto  been  available,  of  the  exact  size 
and  relative  proportions  of  the  fish  ;  and,  what  is  of  equal  or  still 
greater  importance,  in  addition  to  the  osseous  structure  of  the  head 
and  that  of  the  tail,  a  considerable  portion  of  the  elements  of  the 
vertebral  column  is  preserved.     The  dorsal  and  pectoral  fins  are 

Q.J.G.8.  No.  171.  2  s 
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present,  and  the  ventrals  are  represented  by  a  mass  of  bony  ray . 
broken  and  fragmentary,  but  indicating  clearly  the  position  of  the 
fins.  The  anal  fin  is  wanting  in  this  specimen.  The  length  of  the 
fish,  from  the  tip  of  the  upper  lobe  of  the  tail  to  the  anterior  extremity 
of  the  head,  so  far  as  preserved,  is  44  inches.  Of  this  length,  the  tail 
occupies  12  inches ;  and  the  head,  from  the  posterior  margin  of  the 
scapular  arch  to  the  anterior  extremity  of  the  mandible,  is  9-2  inches. 
The  height  of  the  posterior  part  of  the  head  is  9  inches.  The  body 
behind  the  head  decreases  rapidly  in  size  ;  between  the  dorsal  sur- 
face and  the  pectoral  fin  there  is  7*5  inches.  At  the  anterior  base  of 
the  dorsal  fin,  ten  inches  further  back,  the  depth  has  decreased  to 
5*5  inches,  and  this  is  reduced  at  the  tail  to  2*5  inches.  The  ex- 
pansion of  the  caudal  fin  is  very  rapid,  the  extremities  of  the  lobes 
being  13  inches  apart.  The  single  dorsal  fin  is  separated  from  the 
occiput  by  a  distance  of  11*5  inches ;  its  base  extends  6-5  inches, 
and  its  post-erior  extremity  is  5*5  inches  from  the  base  of  the  caudal 
fin.  The  ventral  fin  is  opposite  to  the  posterior  part  of  the  dorsal ; 
its  anterior  rays  are  separated  from  the  anterior  rays  of  the  pectoral 
fin  by  a  distance  of  13  inches,  and  from  the  base  of  the  tail  by 
about  7  inches.     Its  base  was  between  4  and  5  inches  in  extent. 

The  head  in  this  specimen  is  proportionately  larger  and  deeper 
than  the  body  of  the  fish.  This  comparative  largeness  is  due,  to 
some  extent,  to  the  efiects  of  lateral  pressure  during  fossilization, 
by  which  the  skull  has  been  squeezed  flat  on  its  side.  The  cranial 
bones,  which  covered  the  surface  of  the  crown,  are  pressed  into  a 
lateral  position,  dividing  down  each  side  from  the  median  suture. 
The  facial  and  maxillary,  the  hyoid  and  branchial  elements  are  also 
pushed  considerably  from  their  proper  position,  though  they  still 
maintain  their  relative  positions  with  regard  to  each  other. 

The  head,  as  preserved  in  this  specimen,  has  an  almost  circular 
outline,  with  a  diameter  of  about  9*0  inches  (see  diagram,  p.  607). 
The  anterior  termination  of  the  snout  is  absent,  and  no  evidence  is 
afforded  as  to  the  length  to  which  it  may  have  extended  forward, 
this  part  of  the  specimen  having  been  most  unfortunately  broken  and 
lost  during  its  extraction  from  the  matrix. 

The  cranium  was  protected  by  dermal  bones  or  scutes.  The 
upper  surface  was  enveloped  by  large  plates,  which  extended  down- 
wards so  as  to  encircle  the  orbit,  and  the  postero-lateral  surfaces 
were  covered  by  a  large  expansion  of  the  opercular  apparattis.  The 
anterior  portion  of  the  head  beneath  the  orbit  does  not  exhibit  any 
traces  of  external  defence.  In  this  respect  the  fossil  Chondrosteus 
differs  materially  from  the  existing  Sturgeons,  in  which  the  whole 
of  the  superior  surface  of  the  head  is  enveloped  in  osseous  plates. 
The  opercular  apparatus  is  large  and  well  developed ;  it«  posterior 
margin  rests  on  the  depressed  anterior  surface  of  the  scapular  arch. 
The  operculum  (28*)  is  3-5  inches  in  height  and  3*0  inches  in 
breadth ;  its  anterior  margin  is  somewhat  angular,  and  the  inferior 
one  forms  a  concavity  fitting  to  the  upper  convex  margin  of  the 

*  The  numbers  thus  given  in  bracketa  are  those  emploved  by  Sir  Bicbard 
Owen  to  indicate  the  bones  of  the  head. 
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suboperculum  (32),     The  latter  is  2*0  inches  in  breadth  and  1*0  inch 
in  depth,  ovoid  in  outline,  with  an  acute  angle  behind  and  an  obtuse 

Diagram  of  the  Bones  of  the  Head  of  Chondrosteus  acipenseroides 
(One  third  natural  size.) 


pf^  postfrontaL  ac^  scapular.  ht^  hypotyinpamc. 

/r,  frontal.  op,  operculum.  mt,  mesotympanic. 

pa^  parietal.  c,  coracoid.  mx,  maxilla. 

ma,  mastoid.  sop^  suboperculum.  md^  mandible. 

90,  supraoccipital.  r,  radius.  p,  palatine. 

ex,  exoccipital  or  petrosal.       w,  ulna.  a«,  alispbenoid. 

88,  suprascapular.  6r,  branchiostegal  pa,  presphenoid. 

km,  hyomandibular.  rays.  to,  infraorbital. 

6«,  baaisphenoid.  ch,  ceratobyal.  o,  orbit. 

one  in  front.  The  external  surfaces  of  the  opercular  bones  are  rudely 
punctate,  and  exhibit  a  series  of  lines  or  striae  radiating  from  the 
upper  anterior  surface  towards  the  margin.     To  the  lower  concave 
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anterior  margin  of  the  operculmn  there  was,  probably,  attached  an 
inter-operculum  ;  but  though  its  place  appears  to  be  indicated,  there 
is  no  trace  of  the  bone  remaining. 

The  frontals,  postfrontals,  parietals,  mastoid,  and  some  of  the 
occipital  bones  are  present.  There  is  indication  of  an  extension  of 
the  frontals  on  a  portion  of  the  matrix,  which  extends  about  an  inch 
forward  from  that  part  of  the  dermal  bones  actually  preserved. 
All  the  bones  are  united  by  sutures.  The  frontals  are  2*5  inches 
in  length  and  1*0  inch  in  breadth ;  they  are  broadest  posteriorly, 
where  they  join  the  parietals  and  mastoid.  Attached  to  the  inferior 
margin  of  the  frontal  is  the  postfrontal  (sphenotic  of  Parker), 
shorter  than  the  frontal,  and  extending  downwards  so  as  to  embrace 
the  upper  m&Tgm  of  the  orbit;  its  posterior  margin  articulates 
with  tiie  mastoid.  The  mastoid  is  a  large  plate,  with  a  length  of 
3*0  inches ;  it  is  1*3  inch  in  width  near  the  posterior  extremity, 
diminishing  forward  to  1*0  inch.  The  centre  of  the  plate  is 
considerably  raised  and  forms  a  ridge;  from  this  the  surface 
declines  to  the  extremities,  which  are  much  thinner  and  are  jagged 
and  uneven  where  attached  to  the  neighbouring  plates.  The 
external  surface  of  the  mastoid  is  coarsely  striated  or  ridged.  The 
ridges  radiate,  for  the  most  part,  from  the  centre  towards  the 
margin  ;  the  surface  of  the  ridges  is  covered  by  strips  of  ganoine, 
apparently  thin,  and  not  extending  to  the  base  of  the  intermediate 
striations.  The  parietal  plates  are  equal  in  size  to  the  frontals ; 
they  are  rhomboidal  in  outline,  roughly  striated  on  the  surface, 
the  strisB  radiating  from  a  slight  elevation  of  the  median  portion. 
Connected  with  the  posterior  margin  of  the  parietal  plate  there 
is  a  long  and  narrow  bone.  It  extends  badrwards  3*0  inches, 
and  is  0*5  inch  in  width.  It  presents  the  appearance  of  being 
a  lateral  bone,  having  a  complementary  one  on  the  opposite 
side  of  the  head,  to  which  it  is  anchylosed  or  joined  by  suture. 
In  the  recent  Sturgeon  a  single  median  bone  terminates  the 
cranial  covering,  and  is  succeeded  by  the  closely-imbricating  series 
of  scutes,  which  extend  along  the  dorsal  surface  of  the  body.  In 
the  fossil  there  is  no  evidence  of  such  a  series  of  dermal  scutes, 
and  this  posterior  portion  of  the  dermal  covering  of  the  cranium  is 
proportionately  much  elongated ;  the  lateral  surfaces  of  the  com- 
bined.plates  are  produced  along  the  median  line,  and  form  a  raised 
and  acutely  angular  ridge.  The  posterior  surface  of  the  plate  is 
covered  with  coarse  pustulations  of  enamel;  its  anterior  portion 
envelopes,  and  apparently  affords  attachment  to,  the  upper  extremity 
of  the  suprascapular.  The  bones  occupy  the  position,  and  are  pro- 
bably the  equivalents,  of  the  supraoccipital  (8).  Another  bone, 
thin  and  widely  expanded,  whose  posterior  margin  is  overlain  by 
the  suprascapular,  whilst  its  anterior  one  lies  hidden  by  the  dermal 
bones  of  the  postorbital  region  of  the  skull,  from  its  position 
must  represent  either  the  exoccipital  or  the  petrosal  portion  of 
the  base  of  the  cranium,  and  may  have  been  connected  with  the 
basisphenoid  by  cartilage  when  living,  though  now  separated  by  a 
distance  of  0*25  inch. 
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The  orbit  is  oTal,  1*2  inch  from  back  to  front,  and  0*75  inch  in 
height.  Its  upper  margin  is  bounded  by  the  postfrontal  (sphenotic) 
bone,  to  the  lower  anterior  extremity  of  which  there  is  attached  a 
long  and  narrow  bone  (100),  which  bounds  the  orbit  anteriorly  and 
separates  it  from  the  nasal  orifice.  The  anteorbital  region  of  the  head 
is,  for  the  most  part,  lost.  Sufficient  indication  of  the  arrangement 
of  the  bones  composing  that  part  is  left  to  show  that  the  nostril  was 
large,  and  was,  in  its  turn,  surrounded  by  osseous  structures  forming 
the  anterior  termination  of  the  snout ;  unfortunately  the  extent  to 
which  the  latter  projected  cannot  be  ascertained,  but  a  comparison 
of  the  bones  composing  the  skull  of  the  fossil  with  those  of  recent 
species  appears  to  indicate  a  short  rather  than  a  long  snout.  The 
infraorbital  margin  is  occupied  by  a  bone,  or  series  of  bones,  it  is 
not  easy  to  determine  which,  extending  backwards  from  the  lower 
part  of  the  one  already  mentioned  as  dividing  the  orbit  from  the 
nasal  cavity  beneath  the  orbit,  forming  a  semicircular  ring,  and 
joiniDg  the  under  surface  of  the  cranium  at  the  point  where  the 
postfrontal  is  attached  to  the  squamosal  or  mastoid. 

The  base  of  the  skull  is  formed  by  bones  more  completely  ossified 
than  in  the  existing  species  of  Sturgeons,  and  forming  the  roof  of  the 
branchial,  as  well  as  ihe  buccal  cavity.  The  posterior  portion  of  the 
basisphenoid  (6)  extends  posteriorly  considerably  beyond  the  point 
of  attachment  of  the  suprascapula  (post-temporal).  It  is  broadly 
expanded,  thin,  and  fibrous  in  structure.  Its  extension  forwards  is 
hidden  for  some  distance  by  the  epitympanic  (hyomandibular), 
beyond  which  it  can  be  again  traced,  extending  beneath  the  orbit 
and  the  nasal  cavity.  Lateral  expansions  of  the  bone  appear 
beneath  the  suture  joining  the  mastoid  with  the  frontal,  and,  in 
all  probability,  represent  the  alisphenoid  (prooticum);  while  the 
extension  further  forward  may  represent  the  presphenoid  or  vomerine 
portion  of  the  roof  of  the  mouth. 

The  posterior  margin  of  the  head  is  formed  by  the  scapular  arch, 
which  extends  in  the  form  of  a  semicircle  from  the  occipital  region 
of  the  skull,  giving  attachment  to  the  pectoral  fin,  and  extending 
as  far  forward  as  the  anterior  margin  of  the  operculum.  The 
upper  portion  of  the  arch  is  formed  by  the  suprascapular  (post- 
temporal,  46),  extending  from  the  base  of  the  skull  2*5  inches ;  it 
is  long  and  narrow,  thick  posteriorly,  and  convex  in  outline ; 
anteriorly,  the  bone  is  thinner  and  slightly  expanded  towards  its 
lower  extremity.  Attached  to  the  suprascapula  is  the  second  bone 
of  the  series,  the  scapular  (supraclavicula,  47) ;  it  is  3*0  inches  in 
length,  thick  and  strong,  slightly  over  1*0  inch  in  breadth  in  the 
upper  part,  but  becoming  narrower  towards  its  lower  extremity, 
llie  anterior  portion  of  this  element  of  the  arch,  like  that  of  the 
suprascapular,  is  comparatively  thin  and  aliform.  The  coracoid 
(clavicula,  48)  is  a  kurge  bone,  extending  beneath  the  scapula  at 
its  upper  extremity,  and  curving  downwards  anteriorly  beneath  the 
opercular  apparatus,  by  which  it  is,  to  a  large  extent,  enveloped. 
It  is  thick  and  rounded,  affording  a  strong  support  to  the  large 
pectoral  fin.     Its  exact  form  is  hidden  by  the  overlapping  operculum^ 
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and  the  inner  extent  of  the  bone  cannot  be  distinguished.  Between 
the  coracoid  and  the  pectoral  fin  there  are  two  bones  connecting 
them  together.  The  anterior  one,  0*7  inch  in  breadth  and  0-25  in 
length,  is  rounded  in  front,  where  it  affords  a  substantial  support  to 
the  large  anterior  ray  of  the  pectoral  fin ;  behind  it  is  somewhat 
attenuated.  The  second  intermediate  bone  extends  from  the  pos- 
terior extremity  of  the  one  described  to  the  termination  of  the  base 
of  the  fin,  and  is  nearly  2*0  inches  in  extent ;  to  it  are  attached 
the  bases  of  the  remaining  rays  of  the  pectoral  fin.  The  two  bones 
probably  represent  the  radius  and  ulna  of  Owen  (coracoid  and 
scapula  of  Parker  and  Huxley).  Sir  Philip  Egerton*,  in  his  de- 
scription of  the  genus  Chondrosteus,  states  that  the  elements  of  the 
bony  girdle  encircling  the  thoracic  region,  which  in  recent  Sturgeons 
are  three  in  number,  in  the  fossil  genus  are  reduced  to  two,  by  the 
coalescence  of  the  scapula  and  the  coracoid.  "  The  external  portion 
[of  the  combined  scapulo-coracoid]  is  crescentic,  the  concavity  being 
anterior  for  the  reception  of  the  opercular  flap.  At  the  point  of 
attachment  of  the  pectoral  fin  the  bone  is  thick  and  rounded ;  the 
upper  or  scapular  portion  expands  gradually  into  a  triangular 
plate,  thinning  off  towards  the  upper  extremity  for  adjustment  with 
the  suprascapular  bone ;  the  lower  or  coracoid  portion  also  expands 
as  it  descends,  sweeping  under  the  thorax,  and  meeting  the  corre- 
sponding bone  of  the  opposite  side  on  the  median  line. .  . .  Anteriorly, 
each  scapulo-coracoid  expands  into  a  broad  concave  plate,  directed 
inwards  and  forming  the  platform  of  the  branchial  cavity,  and 
partitioning  it  off  from  the  thoracic  cavity."  In  the  specimen  now 
described  the  great  lateral  and  anterior  expansions  do  not  appear 
to  be  developed  as  in  the  specimens  described  by  Sir  P.  Egerton ; 
and  the  scapula  and  coracoid  are  separated,  the  two  overlapping 
midway  between  the  attachment  of  the  pectoral  fin  and  the  jimction 
with  the  suprascapular.  The  small  bones  connecting  the  scapular 
arch  with  the  pectoral  fin  in  the  species  already  referred  to  are  said 
to  be  a  series  of  strong  metacarpal  bones,  of  which  those  supporting 
the  hinder  rays  are  longest.  A  reference  to  the  plate  (op.  dt.  Ixix. 
57)  on  which  these  bones  are  represented  will  show  that  the  meta- 
carpals are  not  similar  to  the  bones  existing  in  this  specimen,  de- 
scribed as  equivalent  to  the  ulna  and  radius ;  they  have  the  appear- 
ance of  being  merely  fragments  of  the  rays  of  the  pectoral  fin  which 
have  become  detached.  This  pectoral  fin  is  large  and  comprises  42 
rays.  The  anterior  ray  is  spinous,  thick,  with  expanded  base  for 
attachment ;  it  gradually  tapers  to  a  point,  terminating  2*5  inches 
from  the  base.  The  succeeding  rays  are  the  longest.  In  this  specimen 
there  is  preserved  a  length  of  4*25  inches,  but  the  distal  extremities 
are  imperfect,  and  at  least  one  inch  more  would  be  required  to  com- 
plete the  length  of  the  fin-rays.  The  base  of  the  fin  nearly 
approaches  8-0  inches  in  length,  and  the  fin-rays  gradually  diminish 
backward ;  the  posterior  rays  are  not  more  than  half  the  length  of 
the  anterior  ones.    The  rays  increase,  towards  the  distal  end,  by 

*  "  On  Chondrosteus,  an  extinct  Genus  of  the  SturionidiB  found  in  the  lias 
formation  at  Lyme-Regis/'  Phil.  Trans,  vol.  cxlviii.  1858,  p.  871. 
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bifurcation.  A  keel  extends  along  the  lateral  surface  of  each  ray, 
and  a  line  of  pustulations  extends  along  the  median  surface  of  the 
keel.  The  anterior  ray  or  spine  is  quite  smooth.  The  fin  is 
capable  of  wide  expansion  ;  as  preserved,  the  breadth  of  the  outer 
margin  of  the  fin  is  equal  to  the  length  of  the  anterior  rays.  The 
pectoral  fins  in  this  species  -approach  the  existing  forms  in  possessing 
a  strong,  spinous  anterior  ray,  and,  to  the  same  extent,  seem  to 
differ  from  the  fossil  forms  described  by  Sir  Philip  Egerton  from 
the  same  locality. 

The  tympanic  arch  or  suspensorium  consists  of  three  parts,  each  of 
which  is  represented  by  a  tolerably  complete  ossification,  and  together 
they  connect  the  cranial  bones  with  the  mandible.  The  epitympanic 
or  hyomandibular  (23)  is  the  most  prominent  bone  of  the  series :  it 
is  3*3  inches  in  length,  the  articular  surface  is  1*2  inch  across ;  it  is 
contracted  in  the  middle,  and  expands  again  at  its  lower  extremity  to 
slightly  under  one  inch  in  breadth.  The  bone  is  thick  and  strong,  and 
has  a  solid  fibrous  appearance.  Its  upper  extremity  has  a  double 
surface  for  articulation,  and  was  connected  with  the  mastoid,  and 
probably  with  the  postfrontal  bone,  though  the  connexion  is  not 
quite  so  clear  as  that  with  the  mastoid  in  this  specimen.  The 
lower  extremity  is  rounded  and  thinner  than  the  upper;  to  it  is 
attached  a  smaller  plate,  the  mesotympanic  or  symplectio  (31) ; 
the  latter  is  partially  coTered  by  the  operculum  posteriorly.  Its 
exposed  surface  is  0*8  inch  across ;  its  lower  extremity  affords 
attachment  to  the  hypotympanic  or  quadrate  (26),  an  ossification  of 
considerable  size  supporting  the  posterior  extremity  of  the  man- 
dible. Its  form  is  not  readily  distinguishable.  Its  posterior  margin 
is  covered  by  the  operculum ;  anteriorly  its  extent  is  lost  amidst 
several  smaller  bones  which  may  pertain  to  the  hyoid  apparatus. 

The  hyoid  apparatus  is  mostly  hidden  by  the  bones  of  the  tym- 
panum and  the  operculum.  Between  the  suboperculum  and  the 
mandible,  a  distance  of  2  or  3  inches,  the  ceratohyal  (38)  may 
be  distinguished,  with  six  short  bones  attached  to  it,  the  latter 
evidentiy  bearing  some  relation  to  the  branchiostegal  rays  (43) ;  the 
posterior  ray  is  one  inch  in  length,  those  succeeding  are  shorter, 
and  they  also  diminish  in  thickness.  The  anterior  bones  of  the 
hyoid  arch  are  obscure.  In  a  cavity  above  the  ceratohyal,  bounded 
by  the  posterior  part  of  the  lower  jaw  and  the  hypotympanic,  three 
bones  are  exhibited ;  the  exposed  parts  are  0*2  inch  in  thickness 
at  the  anterior  end,  decreasing  backwards  as  they  sink  beneath 
the  superincumbent  bones.  These  osseous  rods  represent  some  part 
of  the  branchial  apparatus,  probably  the  basal  portion  of  the 
ceratobranchials. 

The  mandibles  and  the  maxillaries  in  this  species  are  large  and  well 
ossified ;  in  this  respect  diflFering  considerably  from  the  existingspecies. 
There  is  no  evidence  of  teeth,  and  the  inference  naturally  arises 
that  the  fossil,  like  its  recent  representatives,  was  devoid  of  teeth. 
The  mandible  (34)  is  4-5  inches  in  length,  to  the  extent  preserved ; 
but  it  is  probable  that  a  little  more  must  be  added,  because  the  bone 
ends  abruptly  ;  its  anterior  termination  is  wanting.     The  extenial 
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emrface  of  the  jaw  is  strong  and  rounded,  0-5  inch  in  diameter. 
Posteriorly  it  becomes  thinner  and  assumes  an  expanded  form ;  the 
inferior  margin  is  also  rounded,  whilst  the  superior  extremity  is 
produced  to  form  a  styliform  process  extending  backward  quite 
half  an  inch.  It  was  probably  by  this  process  that  the  man- 
dibular bone  was  connected  with  the  quadrate  or  hypotympanic, 
with  which  it  is  in  dose  proximity.  The  part  preserved  may 
be  equivalent  to  the  dentary  element  in  the  lower  jaw  of  the 
Teleosteans;  and  the  posterior  articular  portion  which  connected 
the  jaw  with  the  hypotympanic,  in  this  specimen  defective, 
may  have  been  mostly  cartilaginous,  with  a  thin  osseous  struc- 
ture, of  which  there  is  a  trace  extending  over  the  ceratobran- 
chials.  The  maxiUary  bone  (18)  is  large  and  crescentic  in  outline ; 
its  anterior  portion,  like  that  of  the  mandible,  ia  thicker  and 
stronger  than  the  posterior.  It  commences  in  front  in  connexion 
with  the  premaxillary ;  the  upper  margin  of  the  former  is  overlain 
by  the  lower  portion  of  the  latter.  The  total  length  of  the  maxilla, 
allowing  for  its  curvature,  is  4*5  inches ;  its  height  at  the  anterior 
part  is  0*5  inch.  The  upper  surface  is  deeply  concave,  the  lower 
one  angular ;  the  depth  at  2*0  inches  from  the  anterior  extremity  is 
increased  to  1*0  inch;  thence  it  decreases  towards  the  upper 
posterior  extremity  to  0*35  inch  about  half  an  inch  from  the  end. 
The  latter  again  expands  and  is  more  or  less  rounded. 

The  posterior  expansion  of  a  large  bone  midway  between  the 
orbit  and  the  maxilla  is  the  palatine  (22).  It  is  1*3  inch  in 
breadth,  the  length  of  the  part  preserved  is  2*0  inches.  It  has 
a  fibrous  structure  radiating  from  the  anterior  extremity  of  the 
broken  bone.  Its  posterior  margin  is  rounded,  the  anterior  part 
is  constricted  to  1*0  inch  in  breadth.  The  remaining  part  of  the 
bone  has  disappeared  with  the  whole  of  the  anterior  extremity  of 
the  head,  by  the  loss  of  a  portion  of  the  slab  on  which  the  fossil  is 
exposed.  The  posterior  margin  of  the  palatine  is  in  dose  contact 
with  the  tympanic  elements  and  with  the  posterior  extremity 
of  the  upper  jaw.  Between  the  palatine  and  the  fepitympanic  bone 
there  are  a  few  small  bones  or  fragments,  of  an  indefinite  character, 
which  cannot  be  localized  with  any  amount  of  certainty. 

Osseous  neurapophyses  are  preserved  in  the  anterior  portion 
of  the  body.  There  is  no  trace  of  the  vertebral  column  nor 
of  ribs  or  hcBmapophyses,  except  in  the  caudal  fin,  where  haemapo- 
physes  support  the  lower  lobe,  as  will  be  mentioned  hereafter. 
The  neurapophyses  extend  from  the  ocdpital  region  of  the  skull, 
situated  high  in  the  body,  to  the  base  of  the  dorsal  fin,  a  length  of 
13*0  inches.  In  this  length  there  are  preserved  35  neurapophyses 
representing  the  same  number  of  vertebrae.  The  first  ray  of  the 
dorsal  fin  is  inserted  above  the  30th  vertebra.  The  total  number  of 
vertebrsB  comprised  in  the  spinal  column  would  in  all  probability  be 
from  80  to  85.  The  anterior  neurapophyses  are  0*7  inch  in  length, 
divided  at  the  base  for  the  passage  of  the  spinal  cord,  somewhat 
constricted  mesially,  and  expanded  at  the  upper  extremity  to  afibrd 
attachment  to  a  second  series  of  interspinous  bones,  1*25  inch  in 
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length,  extending  diagonally  towards  the  dorsal  snrfaoe  of  the 
body.  The  interspinous  bones  are  more  slender  than  the  neora- 
pophyses;  they  are  forked  at  the  base,  and  may  afford  pro- 
tection to  a  second  canal.  Sir  Philip  Egerton*  cites  the  description 
by  Prof.  Owen  of  the  vertebrsa  in  the  existing  Stoigeon  as  com- 
posed of  **  two  superimposed  pieces  on  each  side,  the  basal  portion 
bounding  the  neural  canal,  the  apical  portion  the  parallel  canal, 
filled  by  fibrous  elastic  ligament  and  adipose  tissue ;  aboTe  this  is 
the  single  cartilaginous  neural  spine  "t^  Of  the  fossil  examples 
described  by  Sir  Philip  Egerton,  it  is  stated  that  the  neura- 
pophyses  appear  to  be  composed  of  two  elements,  corresponding  to 
the  basal  and  apical  cartilages  of  the  Stuigeon ;  but  whether  they 
embraced  a  second  canal,  running  parallel  with  the  spinal  cord, 
could  not  be  ascertained.  The  divided  base  of  the  apical  neura-* 
pophyses  or  spines  of  the  specimen  now  described  affords  conclusive 
evidence  that  a  second  canal  did  exist  in  the  fossil  ChondrostetiSf  as 
in  the  recent  Sturgeon.  In  addition  to  the  two  sets  of  basal  and 
apical  neurapophyaes,  the  dorsal  fin  is  supported  by  an  additional 
double  series  of  bones.  Connected  with  the  apical  neurapophyses 
there  is  a  series  of  intemeural  spines,  more  or  less  pointed  at  their 
lower  extremity,  exceeding  an  inch  in  length,  and  with  their 
upper  extremities  expanded  so  as  to  afford  attachment  to  a  aeoond 
range  of  intemeurab,  to  which  the  rays  of  the  dorsal  fin  are 
attached.  Between  the  expanded  and  rounded  extremities  of  the 
two  rows  of  intemeural  spines  there  is  a  continuous  space  which 
indicates  a  cartilaginous  attachment  of  no  small  sice  and  strength ; 
its  decay  has  left  the  two  sets  of  bones  separated  by  0*3  of  an  inch. 
The  interspinops  bones  are  strong,  and  would  afford  a  firm  base  of 
attachment  for  the  rays  of  the  laige  dorsal  fin. 

The  dorsal  fin  extends  along  the  back  6*5  inches,  and  its  longest 
rays  are  fully  6*0  inches  in  length.  It  is  composed  of  66  rays,  of 
which  the  anterior  15  are  short  and  more  or  less  rudimentary; 
they  occupy  1-75  inch  of  the  base  of  the  fin.  The  first  rays  are 
short,  thick,  and  imbricating ;  they  gradually  increase  in  length  to 
about  an  inch.  AU  are  simple.  The  succeeding  rays  are  trans- 
versely jointed,  and  increase  rapidly  in  length  to  the  seventh  ;  the 
twenty-second  from  the.  anterior  extremity  of  the  fin  is  the  longest, 
the  succeeding  rays  gradually  diminish  to  the  posterior  extemity  of 
the  fin.  All  the  rays,  except  the  anterior  fifteen,  are  jointed  quite 
from  the  base.  The  longest  anterior  rays  bifurcate  three  inches 
from  the  base,  and  the  division  is  repeated  nearer  the  distal  extre- 
mity. The  bifurcation  commences  in  the  posterior  rays  nearer  the 
base  in  proportion  to  the  length. 

The  Tentral  fin  is  much  disturbed.  The  fin-rays  are  numerous, 
many  of  the  fragments  are  thick  and  strong,  and  indicate  somewhat 
Isage  and  powerful  fins.  There  is  no  appearance  of  ordinary  pubic 
bones ;  but  the  anterior  origin  of  the  fin  is  marked  by  a  Y-shaped 
bone  1*2  in  length ;   it  apparently  forms  a  single  piece  for  0*5  inch, 

*  Op,  cU.  p.  879.  t  Huntariao  Lecturais  8to,  toI.  iL  p.  53  (1846 
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beyond  which  it  bifurcates,  possibiy  to  supped  tiie  two  vBotral  fins; 
The  bone  is  opposite  to  tiie  anterior  insertion  of  the  dorsal  fin. 

The  anal  fiiti  is  not  represented. 

The  caudal  fin  is  very  lai*g^e,  and  a  most  powerful  oi^an  of 
propulsion.  The  upper  lobe,  as  in  the  recent  Sturgeon,  is  the 
longer  of  the  two,  and  its  extremity  is  more  pointed  than  that  of 
the  lower  one.  The  length  of  the  upper  lobe  is  12*0  inches,  that  of 
the  lower  10*5  inches,  and  the  terminations  of  the  two  are  13*0  inches 
apart.  Along  the  median  por^n  of  the  upper  lobe  th»e  is  a  series 
of  dermal  scales  or  scutes ;  at  the  basal  part  of  the  tail  they  cover, 
about  an  inch  in  breadth  and  ext^id  almost  to  the  terminati<Hi  of 
the  tail,  gradually  diminishing  in  area  until  they  end  in  a  point. 
The  scales  at  the  base  of  the  tail  are  of  an  elongated  oval  form  ; 
posteriorly  they  are  greatly  elongated  and  assume  a  rod-like  form 
pointed  at  eadi  end.  The  upper  external  margin  oi  the  fin  is 
formed  of  a  series  of  laige,  sigmoidally-curved,  imbricating,  f ulcral. 
scales.  Those  attached  immediately  behind  the  pedicle  of  the  tail 
are  about  1*0  inch  in  length,  0*2  inch  in  thickness  in  the  middle  ; 
the  basal  and  distal  extremities  are  somewhat  spatulate  and  thin. 
Bucceeding  scales  become  more  attenuated,  and  midway  their  length 
has  increased  to  2*5  inches,  with  a  medium  thickness  of  0*1  inch ; 
thence  to  the  end  they  diminish  both  in  length  and  thickness. 
The  strong  basal  fulcral  scales  are  directly  supported  by  a  series  of 
short  but  thick  neurapophyses.  The  latter  do  not  appear  to  extend 
more  than  two  inches  beyond  the  base  of  the  tail.  The  lower  lobe 
of  the  tail  is  supported  by  hflamapophyses  of  larger  size  and  more 
solid  construction  than  the  neurapophyses ;  they  are  expanded  at 
the  base,  and  have  evidently  been  firmly  attached  to  a  powerful 
vertebral  axis.  The  latter  was  entirely  cartilaginous  and  has 
disappeared.  The  hsemapophyses  can  be  distinguished  a  distance 
of  six  inches  from  the  base  of  the  tail ;  they  gradually  diminish 
in  length,  but  become  broader  and  spatulate  as  they  approach  the 
termination  of  the  vertebral  column.  Attached  to  the  luemapo- 
physes  there  is  a  long  series  of  interhaemal  bones,  which  form  the 
base  of  attachment  for  the  rays  of  the  fin.  The  latter  are  strong 
and  jointed  from  the  base.  A  few  short  rudimentary  rays  are. 
followed  by  others  which  extend  to  the  extremity  of  the  lobe; 
they  are  divided  towards  the  extremity  of  each  ray,  the  divided 
portions  again  bifurcating  until  the  external  margin  of  the  fin  has 
assumed  a  more  or  less  filamentous  condition.  The  rays  decrease 
in  length  and  thickness  as  they  are  successively  attached  to  the  fin, 
extending  quite  io  the  extremity  of  the  upper  lobe.  From  the 
base  to  a  point  halfway  towards  the  termination  of  the  upper  lobe* 
72  rays  may  be  counted ;  beyond  this  point  there  are  many  others, 
but  the  actual  number  is  not  easy  to  determine. 

The  specimen  of  Chondrosteus  described  in  the  preceding  ])ages 
is  nearly  twice  the  length  of  those  described  by  Sir  Philip  Egerton 
(excluding  C.pachyurus^  which  is  only  mentioned  incidentally),  whilst 
the  depth  of  the  body,  taken  in  front  of  the  dorsal  fin,  is  6  inches, 
the  same  as  that  of  G,  aeipengeroides,  so  that  this  species  approaches 
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much  more  nearly  to  the  existing  types.  In  this  specinien  the 
length  of  the  body  from  the  base  of  the  pectoral  fin  to  the  pedicle 
of  the  caudal  fin  is  24  inches,  the  length  of  the  caudal  is  12  inches  :. 
in  Egerton's  specimens  the  proportions  are  as  15  inches  to  9  inches ; 
though  it  is  possible  that  as  the  caudal  fin  was  not  attached  to  the 
body  in  the  latter  instance,  the  estimation  of  the  proportionate 
lengths  of  the  body  and  tail  may  have  been  exaggerated  in  the  case 
of  the  latter.  The  ventral  and  dorsal  fins  are  described  as  being 
midway  between  the  base  of  the  pectoral  and  that  of  the  caudal ; 
in  this  specimen  the  distance  between  the  pectoral  and  ventral  is 
14  inches,  and  between  the  latter  and  the  caudal  10  inches.  The 
dorsal  fin  of  this  specimen  is  readily  distinguished  by  the  largo 
number  of  short  rudimentary  or  accessory  rays  forming  its  anterior 
portion;  and  the  pectoral  fin  is  possessed  of  a  strong  anterior 
spinous  ray  very  similar  to  that  of  some  recent  Sturgeons. 

Some  di£ferences  in  the  cranial  anatomy  have  been  already 
mentioned.  The  division  of  the  scapular  arch  into  three  parts — 
the  suprascapula,  the  scapula,  and  the  ooracoid — ^in  this  specimen 
appears  to  be  undoubted,  whilst  in  those  previously  described  the 
scapula  and  coracoid  are  said  to  be  united.  In  the  existing 
Sturgeons  the  two  latter  ossifications  of  the  shoulder-girdle  are 
separate*,  and  in  the  Ganoid  fishes  generally  this  is  also  the  case. 

The  mandibular  suspensorium,  in  the  examples  described  by 
Sir  P.  Egerton,  is  stated  to  consist  of  a  large  epitympanic  bone 
connected  with  the  tympanic  x>^cle ;  the  succeeding  cartilages, 
the  mesotympanic  and  hypotympanic,  which  are  represented  in  the 
recent  Sturgeon  by  two  cartilages,  are  united  to  form  one  bony  plate. 
This  united  bone  is  very  small  and  feeble  as  compared  with  the 
epitympanic,  and  is  considered  ill-adapted,  either  in  form  or  dimen- 
sions, to  afford  an  articulation  strong  enough  t^  support  the 
mandibular  and  maxillary  organs.  Dr.  Giinthert  states  that 
the  suspensorium  in  the  Sturgeon  is  movably  attached  to  the  side 
of  the  skull,  and  consiste  of  two  pieces,  a  hyomandibular  (epitym- 
panic) and  a  symplectic,  which  now  appears  for  the  first  time  as  a 
separate  piece,  and  to  which  the  hyoid  is  attached  ;  as  regards  the 
second  part  of  the  suspensorial  apparatus  the  Sturgeons  are  distinctly 
in  advance  of  the  palseoniscoid  Ganoids,  in  which  Dr.  Traquair  has 
seen  no  trace  of  symplectic  +> 

A  careful  comparison  of  the  numerous  specimens  of  the  genus 
Chondrosteus,  at  present  located  in  the  New  Natural  History 
department  of  the  British  Museum,  has  led  to  the  conclusion  that 
there  is  no  specific  difference  between  the  species  Chondrosteug 
dcipenseroides,  Agassiz,  and  C.  crasnor,  Egerton.  The  characters 
separating  the  two,  as  stated  by  Sir  Philip  Egerton,  are  slight,  con- 
sisting in  the  relative  thickness  of  the  cranial  bones  and  the  position 
of  the  anal  fin.  The  former  difference  can  scarcely  be  maintained, 
because  the  specimens  merge  gradually  the  one  into  the  other,  and 

*  Prof.  W.  K.  Parker.  "On  the  Shoulder-girdle  and  Sternum." 
■  t  '  Study  of  Fiehea;  1880,  p.  76. 
t  PalflBonifloidas  (Palfeontographical  Soe.,  vol.  zxzi.  1877,  p>  17) 
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the  thicker  ossification  appears  to  depend  more  on  the  age  of 
the  fish  than  anything  else.  The  evidence  of  the  anal  fin  is 
derived  from  very  fragmentary  specimens.  The  anal  fin  of  C. 
crasfior  is  described  as  more  massive  and  having  the  transverse 
articulations  at  shorter  intervals  than  the  anal  fin  of  O,  aeipen^ 
uroides — the  latter  being  represented  in  the  specimen  depicted  on 
plate  Ixvii.  (Phil.  Trans.),  and  the  former,  in  conjunction  with  the 
caudal  fin  regarded  by  the  author  as  belonging  to  the  speciea 
C  era$siar^  on  pi.  bcx.  It  was  unfortunate  that  no  specimen 
was  known  to  Sir  Philip  Egerton  having  the  body  sufficiently 
well  preserved  to  show  the  actual  relationship  of  the  caudal  fin 
with  the  remaining  constituents.  The  specimen  herein  described 
proves  that  there  is  no  difference  between  the  tail  described  as 
belonging  to  C,  cnusior  and  the  one  actually  attached  in  this 
specimen  to  the  body  of  C,  <icipen$eroides^  so  that  the  former  must 
be  united  with  the  latter  species.  It  is  very  probable  that  better 
preserved  specimens  will  exhibit  an  equal  similarity  in  the  anal  fins ; 
and  until  such  are  found  it  must  be  remembered  that  the  anal 
fin  on  which  Sir  Philip  Egerton  based  his  determination  is  the 
one  attached  to  the  caud£d  fin  mentioned  above,  and  which  ia 
undoubtedly  the  tail  of  C,  acipemeroidesy  Ag. 

EXPLANATION  OF  PLATE  XXHI. 
Speoimen  of  Chondrosteus  acipenseroides,  Ag.,  from  the  Iam  of  I^me  Begii^ . 
one-sixth  natural  axe.    op,  operculum  ;  p^  pubis  (?) ;  v,  yentral  fin. 

Discussioir. 

The  Pbksidsvt  observed  that  the  subject  was  one  to  which  the 
Author  had  devoted  much  labour,  and  that  the  comparison  of  such 
fossil  forms  with  existing  ones  was  of  the  greatest  importance. 

Mr.  Smith  Woodwabd  regretted  that  there  was  no  specimen  to 
verify  the  drawings,  which  seemed  to  show  the  bones  with  unusual 
clearness.  A  figure  of  so  instructive  a  fossil  would  be  especially 
valuable  ;  but  he  advocated  a  more  modem  nomenclature  than  that 
of  the  Author.  He  considered  the  absence  of  an  anal  fin  accidentaL 
These  Chondrostei  of  the  Lias  formed  the  connecting-link  between 
the  old  Palseoniscidffi  and  the  living  Sturgeons,  notably  Polyodon^ 
and  any  contribution  to  their  anatomy  was  thus  very  welcome  to 
ichthyologists. 

Mr.  Nkw!Con  remarked  on  the  fact  tliAt  the  tail  alone  waa  all  that 
Agassiz  had  to  work  upon.  In  1858  Egerton  gave  further  descrip- 
tions, including  parts  of  the  head,  but  his  specimens  were  crushed* 
Mr.  Davis's  apecimen  was  more  perfect,  and  for  the  most  part  the 
bones  of  the  head  appeared  to  be  in  the  position  they  ought  to 
occupy.  He  criticized  the  position  of  the  coracoid  with  reference 
to  the  scapula,  the  line  between  them  being,  aa  he  thought,  due 
to  a  break  in  the  atone.  The  appearance  of  the  mouth  might 
also  be  due  to  breakage.  He  referred  to  the  absence  of  the  anal  fin 
and  to  the  apparently  disjointed  condition  of  the  vertebral  column. 

The  SiiCBBTART  obscrved  that  the  A-uthor  expressly  noted  the 
absence  of  the  anal  fin. 
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42.  Notes  wpon  seme  Cabbonifebous  Sfeoies  0/ MvBCHisoimL  in  our 
FuBLio  MusETTics.  By  Miss  Jane  Bovald,  Carlisle.  (Bead 
May  25th,  1887.) 

[Oomxnunioatod  by  J.  G-.  Gh)ODCHiLD,  Esq.,  F.G.S.,  of  H.M.  Geological  Siurej.] 
[Plate  XXIV.] 

It  is  exceedingly  difficult  to  fix  the  limits  of  the  genera  of  many 
fossil  Gasteropoda  and  to  ascertain  their  affinities  with  those  of 
existing  forms.  As  the  soft  parts  of  the  animals  are  neyer  preserved, 
the  only  data  upon  which  we  can  rely  are  such  as  may  be  derived 
from  the  form  and  structure  of  the  shell.  The  most  characteristic 
feature  in  the  Murehisonia  is  the  slit  in  the  outer  lip,  the  successive 
filHng-up  of  which  gives  rise  to  the  formation  of  a  band  upon  the 
whorls  of  the  shell.  Now  this  slit  in  the  outer  lip  exists  in  several 
other  genera,  such  as  PUurotomaria,  HeuroUmuiy  some  species  of  Tur^ 
titdla^  SUiquaria^  Scissurella,  Emarginula^  Bellerophon,  and,  to  a 
greater  or  less  degree,  also  in  Haliotis,  lanthina^  Euomphaltu,  &c.  Of 
these  genera,  those  which  Murehisonia  most  resembles  are  FUuroto- 
maria  and  Turritella,  and  in  some  instances  it  is  very  difficult  to 
draw  the  line  between  the  genus  Murehisonia  and  the  genus  Pleuro^ 
Umtaria  ;  in  both  genera  the  slit  is  represented  on  the  whorls  by  a 
well-defined  band,  and  the  only  external  difference  between  the 
shells  is  the  form  of  the  spire,  that  of  Murehisonia  being  elongated, 
while  in  Pleurotomaria  it  is  short.  But  there  are  shells  of  every 
intermediate  length,  and  these  have  been  referred  sometimes  to  the 
one  genus,  and  sometimes  to  the  other.  G.  Lindstrom  ('  Silurian 
Gasteropoda  and  Fteropoda  of  Gotland,'  p.  92  ♦)  thinks  it  well  to 
limit  the  genus  Murehisonia  to  shells  which  have  a  long  slender 
spire  of  more  than  six  whorls. 

The  structure  of  the  shell  of  Pleurotomaria  seems  to  differ  from 
that  of  Murehisonia  in  the  interior  being  nacreous,  and  G.  Lindstrom 
states  that  many  of  the  Gotlandic  Pleurotomarioi  have  thb  inner 
pearly  layer  preserved,  but  he  has  not  observed  this  structure  in  any 
of  the  Murehisonia!  from  the  same  beds.  In  his  description  of 
M.  eompressa  (p.  130)  he  says  that "  the  nuclei  have  a  glossy  surface, 
and  look  as  if  the  interior  walls  of  the  shell  had  been  porcellanous." 
None  of  the  British  specimens  of  Murehisonia  that  I  have  examined 
have  shown  any  evidence  of  the  internal  character  of  the  shell. 
Indeed,  from  the  manner  in  which  most  of  these  are  preserved,  it  is 
difficult  even  to  ascertain  the  relative  thickness  of  the  shell ;  in  most 
instances  it  is  thin,  but  in  others  it  appears  decidedly  thick,  com- 
pared with  the  size  of  the  shell.  This  thickness  may  not  have 
existed  in  the  original  shell,  for  Mr.  Etheridge  informs  me  that  a 
thickening  sometimes  takes  place  when  the  test  is  replaced  by 
some  mineral  substance,  as  is  frequently  the  case  in  the  Palaeozoic 
Gkuiteropoda. 

Struck  by  the  external  resemblance  of  the  Murehisonia  to  the 
*  Kongl.  S?enBka  Vet-Akad.  Handl.  Bd.  zix.  (1881),  no.  vi. 
Q.J.G.S.  No.  172.  2v 
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TurriUllcB^  some  of  the  earlier  paUeontologists  referred  them  ix>  that 
genus.  Bnt  in  1841*,  A.  d'Archiac  and  E.  de  Vemeuil  classed  them 
together  in  a  new  genus  called  Murchisonia,  the  possession  of  the 
sinus  in  the  outer  lip  heing  considered  to  distinguish  them  from  the 
genus  Turritdla  and  from  other  genera  of  elongated  shells  to  which 
they  had  been  referred.  In  1869,  J.  W.  Salter  (Geol.  Surv. 
Canada,  dec.  i.  p.  18)  separated  from  the  typical  Murckisonuje 
elongated  shells  composed  of  rounded,  bead-like  whorls,  and  whose 
mouth  is  round,  instead  of  being  ovate  and  slightly  channelled.  To 
this  group  he  gave  the  name  of  Hcrmotoma,  and  took  M,  graaUs^ 
Hall,  as  the  type. 

Whitfield  (Bull.  Amer.  Mus.  Nat.  Hist.  vol.  i.  no.  8, 1886,  p.  311) 
considers  it  advisable  to  form  a  distinct  genus  for  some  other  shells 
which  have  hitherto  been  classed  as  Murchisonia,  He  calls  this 
new  genus  Lophospira,  and  defines  it  thus  : — "  SheUs  univalve,  with 
elongated  spires,  and  strongly  carinated  or  keeled  volutions ;  whorls 
closely  coiled  in  the  upper  part,  but  often  becoming  disconnected 
below  from  a  too  rapid  descent  of  the  coil.  Central  keel  marking 
the  position  of  a  sinus  or  notch  in  the  outer  lip  of  the  aperture. 
Axis  usually  minutely  perforate  when  the  whorls  are  not  discon- 
nected. Types  M,  hicincta=iM.  MiUeri,  Hall,  and  M,  heUcteres^ 
Salter." 

The  exact  value  of  these  subdivisions  can  hardly  be  determined 
at  present,  but  possibly  the  discovery  of  better-preserved  specimens, 
and  the  detailed  examination  of  the  whole  series  of  the  Palaeozoic 
forms  possessing  a  slit  in  the  outer  lip,  may  eventually  lead  to  the 
establishment  of  several  well-defined  subgenera. 

It  is  a  question,  however,  whether  the  Murchisonice  may  not  be 
more  nearly  allied  to  some  species  of  Turritella  than  was  thought 
at  one  time ;  for  recent  investigations  have  brought  to  our  knowledge 
the  fact  of  some  species  of  Turritella  possessing  a  sinus  in  the  outer 
lip.  In  January  1881,  Mr.  Marrat,  of  Liverpool,  first  pointed  this 
out  to  me,  and  showed  me  some  shells  in  the  Liverpool  Museum 
with  a  deep,  narrow  slit  in  the  outer  lip,  similar  to  that  of  Mur- 
chisonia.  These  shells  were  collected  in  Bass's  Straits,  by  Capt.  W. 
H.  Cawne-Warren  (ship  '  Bedfordshire '),  Associate  of  the  lit.  and 
Phil.  Soc.  of  Liverpool,  who  presented  them  to  the  Museum ;  and 
Mr.  Moore,  the  Curator,  kindly  enabled  me  to  obtain  two  specimens 
in  exchange  for  some  fossil  Gasteropoda.  Mr.  Marrat  named  this 
species  T.Jissurata  (in  lit.).  In  the  Joum.  Linn.  Soc.  Zoology,  vol. 
XV.  pp.  217-230,  1881,  the  Eev.  Boog  Watson  described  some 
species  of  Turritella  with  a  sinus  in  the  outer  lip,  obtained  in  the 
dredgings  of  H.M.S.  *  Challenger.'  These  have  since  been  more  fully 
described  and  figured  by  him  in  '  The  Voyage  of  H.M.S.  Challenger^ 
Report  on  the  Gasteropoda,  Zoology,'  vol.  xv.  1886,  p.  466.  The 
depth  of  the  sinus  in  Turritella  seems  to  vary  from  a  mere  curve  to 
a  deep,  Y-shaped  slit,  as  in  the  Liverpool  shell,  and  also  in  T. 
TUYkcmaUiy  Watson,  and  T.  accisa^  Watson.    This  sinus  is  indicated 

*  Bulletin  de  la  Soc.  Q6ol.  de  France,  t  zii.  p.  154. 
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on  the  whorls  by  the  strong  arching  of  the  lines  of  growth,  both  in 
TurriUUla  and  Murehisonia.  Bat  there  is  this  difference  between 
TurrvUUa  and  Murehisonia,  that,  whereas  the  snccessive  filling- 
up  of  the  sinus  in  Murehisonia  forms  a  distinct  band,  which  is 
limited  on  each  side  by  keels  or  by  grooves,  it  never  seems  to 
form  a  distinct  band  on  all  the  whorls  of  TurriUlla,  In  T,  run- 
cifiata  and  T,  accisa^  however,  the  sinus  lies  between  two  carinjB ; 
and,  on  the  other  hand,  G.  Lindstrom  says  that  in  Murehisonia 
attenuatay  His.,  "  near  the  aperture  in  large  specimens,  the  trans- 
verse ornamental  strisB  above  and  heneath  are  confluent  with  the 
band,  without  any  separating  or  bordering  lines,  and  it  continues 
only  as  an  elevated  ridge,  sometimes  not  clearly  distinct  horn  the 
surface  ^  ('  Silurian  Gasteropoda  and  Fteropoda  of  Gotland,'  p.  130). 
The  month  of  Murehisonia  is  different  in  form  from  that  of  2W- 
riteUay  being  longer  and  slightly  channelled  below,  while  that  of 
TurriteUa  is,  as  a  rule,  rounded  or  subquadrangular,  though  some 
species,  such  as  T.  admirahilis^  Watson,  and  T,  lameUosa,  Watson, 
are  slightly  channelled  at  the  base  of  the  pillar.  In  the  group 
Hormotoma^  Salter  says  that  the  mouth  is  rounded ;  but  I  have  not 
seen  any  sufficiently  well-preserved  specimens  to  show  this ;  the 
specimen  from  which  his  type  is  taken  is  evidently  broken  at  the 
base  of  the  mouth. 

Mr.  Boog  Watson  .also  points  out  two  remarkable  features  in 
TurriteUa^  viz.,  the  possession  of  a  system  of  microscopic  spirals, 
which  covers  the  entire  shell,  and  abo  the  existence  of  an  epidermis. 
If  this  latter  had  existed  in  Murehisonia,  we  could  hardly  expect 
any  trace  of  it  to  be  preserved  in  shells  of  so  great  an  age,  unless 
under  exceptional  circumstances ;  and  I  have  not  come  across  any 
sx>ecies  of  Murehisonia  sufficiently  well  preserved  to  show  whether 
they  possessed  the  microscopic  spirals  or  not.  Another  point  to  be 
noticed  is  that  Turritdla  possesses  an  operculum,  and  I  am  not 
aware  of  any  opercula  being  found  which  can  with  certainty  be 
referred  to  Murehisonia.  There  is  also  a  greater  variation  in  the 
spiral  angle  in  Murehisonia  than  in  Turritella,  some  of  the  shells 
being  almost  buccinoid  in  form. 

No  observations  seem  to  have  been  made  upon  the  animals  of  the 
shells  with  a  deep  sinus  in  the  outer  lip,  and  it  would  be  interesting 
to  know  if  there  is  any  difference  becween  their  form  and  that  of 
the  animals  belonging  to  the  shells  which  have  the  outer  lip  merely 
sinuated.  Thus  some  idea  might  be  formed  of  the  relative  value  of 
the  sinus,  with  regard  to  making  generic  distinctions. 

The  researches  of  Dall  upon  the  animals  of  the  recent  species  of 
Pleurotamaria  have  led  to  their  being  separated  from  the  Haliotidss, 
and  being  assigned  to  a  distinct  place  in  a  family  of  their  own.  G. 
Lindstrom  refers  the  genus  Murehisonia  to  the  family  Pleuroto- 
mariadsD,  which  position  it  may  be  well  for  it  to  retain,  until  further 
research  throws  more  light  upon  its  affinities. 

At  present  the  synonymy  of  this  genus  stands  as  foUows : — 

Muricites  (pars),  E.  F.  von  Sohlotheim,  1820, « Petrefactenkunde,' 
p.  145. 

2u2 
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TurriteUa  (pare),  J.  Sowerby,  1829, '  Min.  Conch.'  vol.  vL  p.  125. 

Bticcmvm  (pars),  J.  Sowerby,  1829, '  Min.  Conch.'  vol.  vi.  p.  128. 

TurriteUa,  W.  Hiainger,  1829, '  Eaquiflse  d'tin  Tableau  des  Petrifi- 
cations de  la  Svede,'  i.  ii, 

Melanopsis,  E.  W.  Honinghans,  1830, '  Jahrbuch  fiir  Geologie  nnd 
Petrefaktenkunde,  von  Dr.  K.  C.  von  Leonhardt  nnd  Dr.  H.  G. 
Bronn,'  p.  231. 

Cerithium,  J.  Steininger,  1831, '  Bemerknngen  iiber  die  Versteiner- 
nngen  welche  im  XJebergangs-Gebirge  der  Eifel  gefanden  werden.' 

BosteUaria,  J.  Phillips,  1836,  *  Geol.  Yorks.'  vol.  ii.  p.  230. 

PUuroiomaria  (pare),  J.  Phillips,  1836,  ib.  p.  227. 

Pleurotoma,  J.  Bowerby,  1839,  *Sil.  Syst.'  p.  612. 

Schizostoma  (pan),  G.  von  Miinster,  1840,  *  Beitrage  zur  Petrefak- 
tenkunde,' vol.  iii.  p.  87. 

Murchisonia^  A.  d'Archiac  et  E.  de  Vemeuil,  1841,  'Bull,  de  la 
Soc.  G^ol.  de  France,'  vol.  xii.  p.  154. 

Tereiyra  ?,  J.  Phillips,  1848,  'Geol.  Surv.  Malvern  Hills,'  vol.  ii.  pt  i. 
p.  357,  pi.  xiv.  fig.  2,  non  Sow. '  Sil.  Syst.'  p.  619,  pi.  viii.  ^g.  15, 
nee  Phil.  '  Pal.  Foes.'  p.  99,  pi.  xxxviii.  fig.  182. 

Pleurotomaria  (pare),  G.  &  F.  Sandberger,  1850-55,  *  Verateiner- 
ungen  des  Rheinischen  Schichtensystems  in  Nassau.' 

Pleurotomaria  (para),  E.  d'Eichwald,  1860, '  LethsBa  Eossica,'  vol. 
i.  p.  1166. 

The  charactere  of  the  genus  may  be  thus  defined : — Shell  elongated, 
turreted,  of  numerous,  graduaUy  increasing  whorls.  Aperture 
longer  than  wide,  with  a  short  or  truncated  canal  at  its  base ;  the 
columella  is  arcuated.  In  some  species  there  is  an  umbilicus,  and 
in  othere  it  is  absent.  In  the  outer  lip  there  is  a  narrow  and  more 
or  less  deep  slit,  with  parallel  edges,  the  successive  filling-up  of 
which  produces  a  continuous  band  throughout  the  whole  length  of 
the  spire.  This  band  is  sometimes  formed  by  a  single  elevated  keel, 
or  it  may  be  fiat  and  bounded  on  each  side  by  keels  or  grooves. 
The  lines  of  growth  on  the  band  are  more  or  less  strongly  arched. 
On  the  upper  part  of  the  whorl  they  curve  backwards  to  the  band, 
and  below  they  curve  forwards  again,  and  they  indicate  the  succes- 
sive positions  of  the  edge  of  the  outer  lip.  The  Murehisonia  are 
frequently  ornamented  with  keels  or  tubercles,  but  they  are  some- 
times smooth,  with  the  exception  of  the  band.  G.  lindstrom 
(*  Silurian  Gasteropoda  and  Pteropoda  of  Gotland,'  p.  125)  states 
that  the  "  oldest  whorls  are  filled  with  organic  deposit  of  calcareous 
matter."  On  p.  135  he  also  describes  a  great  peculiarity  in  the 
structure  of  M.  deflexa,  viz.,  the  possession  of  two  internal,  longi- 
tudinal keels,  continuing  throughout  the  length  of  the  shell,  and 
resembling  the  interior  ridges  of  the  NerinoKB, 

The  size  of  the  Murckisonice  varies  greatly,  some  being  less  than 
one  fifth  of  an  inch  in  length,  while  othere  attain  a  length  of  three 
or  four  inches. 

The  genus  Murchismia  is  mainly  confined  to  rocks  of  Pal8M>zoic 
age.  The  exact  number  of  species  cannot,  in  the  present  state  of 
our  knowledge,  be  accurately  determined. 
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Mtjbohisonia  angulata,  Phill.?    (PI.  XXIV.  figs.  1,  2.) 

EosUUaria  angvtlata,  ?  J.  Phillips,  1836, « Geol.Yorks.'  vol.  ii.  p.  230, 
pi.  xvi.  fig.  16  (dextra). 

Non  Murchisoma  anguJata,  J.  Phillips,  1841,  *  Pal.  Foss.  of  Devon,' 
p.  101,  pi.  xxxix.  fig.  189. 

Non  Murchisonia  angulata,  A.  d'Archiac  and  E.  de  Verneuil, 
1842,  *  Trans.  Geol.  Soc'  2nd  ser.  vol.  vi.  p.  356,  pL  xxxii.  figs.  6,  7. 

Non  Murchisonia  angulata,  A.  Goldfuss,  1841-44,  '  Petr.  Germ.' 
vol.  iii.  p.  25,  pi.  dxxii.  fig.  5,  a,  6,  c. 

Non  Murchisonia  angulata,  J.  E.  Portlock,  1843, '  Geol.  Rep. 
Londonderry,'  p.  418,  pi.  xxxi.  fig.  5. 

Murchisonia  angulata^  H.  G.  Bronn,  1848,  'Index  PalsBontol.' 
p.  747. 

Murchisonia  angulata^  A.  d'Orbigny,  1850,  '  Prodr.  de  Paleont. 
stratigr.'  vol.  i.  p.  122. 

Murchisonia  angulata,  J.  Morris,  1854,  *  Cat.  Brit.  Foss.'  p.  258. 

Murchisoma  angulata,  ?  A.  Sedgwick  and  F.  M'Coy,  1855, '  Brit. 
Pal.  Rocks,'  p.  631. 

Non  Pleurotomaria  angulata,  E.  d'Eichwald,  1860,  'Lethssa 
Rossica,'  vol.  i.  sect.  ii.  p.  1180. 

Non  Murchisonia  angulata,  J.  Armstrong,  J.  Young,  and  D. 
Robertson,  1876,  *  Cat.  of  the  West.  Scot.  Foss.'  p.  56. 

Murchisonia  angulata,  J.  J.  Bigsby,  1878, '  Thes.  Devonico-Car- 
boniferus,'  p.  325. 

Non  Murchisonia  angulata,  L.  G.  de  Koninck,  1883, '  Faune  du 
Calc.  Carb.  de  la  Belgique,'  vel.  viii.  pt.  4,  p.  18,  pi.  xxxiv.  fig.  4. 

As  will  be  seen  firom  the  above  synonymy,  considerable  confusion 
has  arisen  with  regard  to  the  identification  of  the  Murchisonia 
angulata  of  Phillips,  owing  to  his  having  described  three  distinct 
species  under  this  name.  In  1836,  in  the  '  Geol.  Yorks.'  vol.  ii. 
p.  230,  pi.  xvi.  fig.  16,  Phillips  figures  and  describes  two  different 
Carboniferous  shells  as  Bostdlaria  angulata;  and  in  1841,  in  the 
*  Pal.  Foss.  of  Devon,'  p.  101,  pi.  xxxix.  fig.  189,  he  figures  and 
describee  a  Devonian  shell  as  Murchisonia  angulata,  identifying  it 
with  the  shells  previously  described  as  Bostellaria  angulata,  and 
referring  them  all  to  the  genus  Murchisonia,  d'Arch.  &  de  Vem. 
This  last  shell  is  evidently  quite  distinct  from  those  first  described, 
being  much  smaller  and  the  keels  being  differently  disposed ;  the 
only  point  of  resemblance  being  that  both  it  and  the  shell  figured 
on  the  right  hand  of  pi.  xii.  fig.  16,  in  the  ^  Geol.  Yorks.,'  are  tricari- 
nate.  With  regard  to  the  first  two,  it  is  somewhat  difficult  to 
decide  which  should  be  taken  as  the  type  of  the  species,  only  one  of 
the  original  specimens  being  in  existence,  and  that  in  a  very  imper- 
fect state  of  preservation.  The  Gilbertson  Collection  in  the  Natural 
History  Museum  contains  a  large  number  of  the  fossils  described  by 
Phillips  in  the  'Geol.  Yorks.,'  and  the  other  specimens,  I  am  told, have 
been  lost  There  is  one  shell  in  this  collection  which  agrees  with 
the  left-hand  figure  of  pi.  xvi.  fig.  16,  and  which  is  distinguished 
in  the  taray  as  the  M,  angulata  figured  by  Phillips.    It  is  much  worn, 
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but  ifc  is  clearly  identical  with  the  shell  since  described  by  M'Ooj  as 
3f.  Vemeuiliana,  var.  Jcendalentis,  of  which-  there  are  some  sped- 
mens  in  the  Museum  from  Eendal.  Phillips  thus  describes  the 
shell :  "  Whorls  angular,  the  upper  ones  tricarinate."  I  have 
examined  a  great  many  specimens  of  this  shell,  and  it  is  never 
tricarinate.  It  has  a  broad,  flattish  band,  about  the  centre  of 
each  whorl,  which  is  solid  on  the  body-whorl,  but  on  some 
of  the  upper  whorls  it  is  frequently  hollowed  in  the  centre,  which 
causes  it  to  be  formed  of  two  small  keels  with  a  groove  between  them. 
This  band  represents  the  sinus,  and  is  shown  on  the  specimen  in 
the  Gilbertson  Collection,  where  it  is  solid,  and  not  grooved. 
In  some  specimens  below  this  band  there  is  occasionally  a 
strong  angle  on  the  body-whorl,  which  either  appears  just  above 
the  suture  on  the  upper  whorls,  or  else  is  hidden  by  the  whorl  below ; 
there  is  never  any  indication  of  a  keel  on  the  angle  in  any  of  the 
specimens  I  have  examined,  and  in  many,  especially  in  older  speci- 
mens, the  angle  is  scarcely  visible,  the  base  being  rounded,  and  thifl 
is  the  case  with  the  specimen  in  the  Gilbertson  Collection. 

With  this  shell  is  another,  also  from  BoUand,  but  which  is  clearly 
distinct  from  it.  It  strongly  resembles  the  right-hand  specimen  of 
pi.  xvi.  fig.  16,  but  is  evidently  not  the  original  from  which  the 
drawing  was  made,  as  it  is  larger  and  appears  to  increase  more 
slowly  ;  but  the  exact  spiral  angle  of  the  figure  could  hardly  be 
accurately  determined,  as  the  specimen  is  so  imperfect.  This  shell, 
however,  agrees  better  with  Phillips's  brief  description,  being 
angular,  and  the  upper  whorls,  which  alone  are  preserved,  are 
tricarinate.  Since  the  shell  represented  by  the  left-hand  figure  is 
never  tricarinate,  and  it  has  also  been  well  described  and  figured  by 
M'Coy,  in  the  'Brit.  Pal.  Foss.'  1855,  p.  532,  pi.  3  h.  figs.  11  and  12, 
it  would,  I  think,  be  convenient  to  take  the  other  shell  which  is 
tricarinate,  and  which  has  not  been  elsewhere  described,  as  the  type  of 
M.  anguluta,  I  have  examined  all  the  Carboniferous  Gasteropoda  in 
the  Natural  History  Museum  and  in  the  Oxford  Museum,  and  have 
also  made  numerous  inquiries,  but  have  not  been  able  to  obtain  any 
more  information  concerning  this  species,  neither  do  I  know  of  any 
other  tricarinate  shell  bearing  a  greater  resemblance  to  Phillips's 
figure. 

Many  different  shells  have  been  referred  by  succeeding  pals&onto- 
logists  to  this  species,  which  are  not  identical  with  either  of  the 
shells.  J.  E.  Portlock  *  has  erroneously  identified  a  shell  as  M, 
angulata,  but  it  differs  from  both  of  Phillips's  figures  by  its  greater 
spiral  angle,  the  form  of  the  band,  and  its  ornamentation.  A. 
Sedgwick  and  P.  M*Coy  t  mention  a  shell  which  seems  te  me  dis- 
tinct, but  it  is  80  much  imbedded  in  the  matrix  that  it  is  difficult  to 
make  anything  of  it.  The  shell  referred  to  as  M,  angulata  in  the 
*  Cat.  of  West.  Scot.  Foss.'  p.  5G,  is  of  much  smaller  proportions, 
and  is  differently  ornamented.     A.  d'Archiac  and  E.  de  Vemeuil  J 

*  Geol.  Bep.  Londonderry,  p.  418,  pi.  xxxi.  fig.  5. 

t  Brit.  Pal.  Rocks,  p.  531. 

\  Trans.  G^ol,  Soc.  2nd  ser.  toI.  vi.  p.  356,  pL  zxzii.  figs,  fi,  7. 
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and  Qoldfuss  *  have  referred  Deyonian  shells  to  this  species.  That 
of  the  former  differs  from  both  of  Phillips's  figures;  the  more  rapid 
increase  of  the  whorls,  and  the  absence  of  the  keels  below  the  band, 
distinguish  it  from  the  right-'hand  figure,  while  the  whorls  are  more 
ezcayated  than  those  of  the  left-hand  figure.  The  shell  described 
by  Ooldfiiss,  which  I  have  examined  in  the  Bonn  Museum,  in- 
creases more  rapidly,  the  band  is  formed  of  two  keels  placed  close 
together,  and  the  whorls  are  more  excavated.  The  Pleurotomaria 
anguUUa  of  E.  d'Eichwald  f  is  evidently  different,  from  its  having 
keels  above  as  well  as  below  the  band,  and  it  is  also  very  much 
smaller.  Of  all  the  forms  referred  to  this  species,  that  described  by 
L.  6.  de  Koninck  X  most  resembles  it.  He  considers  his  shell  iden- 
tical with  the  right-hand  figure  of  Phillips ;  but  I  have  seen  his  type 
in  the  Brussels  Museum,  and  I  do  not  think  it  is  the  same,  as  it 
increases  more  rapidly,  the  sutures  are  more  oblique,  the  sinal  band 
is  formed  of  two  keels,  and  the  keels  below  the  band  are  more 
numerous.  There  is,  however,  a  fragment  of  a  shell  on  the  same 
tablet,  which  strongly  r&sembles  the  tricarinate  shell  in  the  Gilbert- 
son  Collection,  and  may  possibly  be  identical  with  it 

It  would  be  a  great  advantage  to  have,  as  the  type  of  the  species, 
a  well-defined  shell  such  as  that  in  the  Gilbertson  Collection,  as  its 
marked  characteristics  readily  distinguish  it  from  any  other  of  the 
genus.  I  therefore  append  a  fuller  description.  Shell  elongated, 
turriculated,  composed  of  numerous  angular  whorls.  Only  fragments 
are  preserved,  but  a  perfect  specimen  would  probably  consist  of  ten 
or  more  whorls.  The  sutures  are  deep,  and  the  whorls  increase 
gradually.  Bather  below  the  centre  of  each  whorl  there  is  a  pro- 
minent keel,  on  each  side  of  which  is  a  narrow  groove,  limited  by  a 
fixxQ  line ;  below  this  prominent  keel  there  are  two  smaller  keels, 
one  of  which  is  about  halfway  between  it  and  the  suture,  and  the 
other  appears  just  above  the  suture.  The  prominent  keel  evidently 
represents  the  sinus  in  the  outer  lip;  though  the  lines  of  growth  are 
not  preserved  on  it,  they  are  on  the  surface  of  the  whorl,  and  curve 
back  to  it  above,  and  forwards  below.  Above  the  band,  the  surface 
of  the  whorl  is  slightiy  concave ;  below  it  is  almost  vertical,  sloping 
but  littie  towards  the  suture.    Mouth  unknown. 

(PL  XXIV.  fig.  1.)  A  fragment  consisting  of  two  entire  whorls, 
and  portions  of  two  others  from  Bolland,is  in  the  Gilbertson  Collection 
in  the  Natural  History  Museum. 

Length  33  millim.,  width  of  lower  whorl  21  millim.,  height  11 
miUim. 

In  the  Burrows  Collection  in  the  Woodwardian  Museum  there 
are  four  specimens  of  this  shell  from  Settle,  and  there  is  also  a  large 
cast  £rom  the  same  locality,  which  is  probably  this  species.  All  the 
specimens  are  more  or  less  imperfect  and  imbedded  in  the  matrix. 
Part  of  the  base  of  one  specimen  is  preserved,  and  on  it  there  are 
three  or  four  additional  keels.     The  specimen  figured  (PI.  XXIV. 

•  Petr.  Germ.  vol.  iii.  p.  25,  pi.  clxxii.  flg.  6,  a,  5,  c. 

t  Lethiea  Boasica,  vol.  l  sect  ii.  p.  1180. 

X  Faune  du  Calc.  Garb,  de  la  Belgiqae,  toI.  yiii.  pt  4,  p.  18,  pi.  nziy.  fig.  4. 


Digitized  by  LjOOQ IC 


624  VI88  JAKE  DOFALD  OV  CABBOKIFEKOUB 

fig.  2)  is  the  upper  part  of  a  shell,  of  which  five  entire  whorls  are 
preserved,  and  a  portion  of  another. 

Length  23  millim.,  height  of  lower  whorl  ahout  5||  millim. 

Formation.  Carhoniferous  limestone. 

MUBGHISONIA  ICEITDALEKSIS,  M'Goy.      (PI.  XXIY.  figS.  S-5.) 

Bostellaria  angulata,  J.  Phillips,  1836, '  Geol.Yorks.'  vol.  ii.  p.  230, 
pi.  xvi.  fig.  16  (sinistra). 

Non  Murchisonia  Verneuiliana,  L.  G.  de  Koninck,  1843, '  Prdcis 
dement,  de  G^ologie,  par.  J.  J.  d'Omalius  d'Halloy,'  p.  516. 

Non  Murchisonia  Vemeuiliana,  L.  G.  de  Koninck,  1843,  *  Descr. 
des  Anim.  Foss.  du  Terr.  Carh.  de  la  Belgique,'  p.  414,  pi.  xxxviii. 

fig.  6. 

Murchisonia    VemeuUiana,   var.   JcenddUnsis,   F.   M*Coy,   1855, 

•  Brit.  Pal.  Rooks,'  p.  532,  pi.  3  h.  figs.  11  and  12. 

Murchisonia  Vemeuiliana,  var.  Jcendalensis,  J.  J.  Bigshy,  1878, 

*  Thes.  Devonico-Carboniferus,'  p.  327. 

Non  Murchisonia  Vemeuiliana,  L.  G.  de  Koninck,  1883,  *  Faune 
du  Calc.  Garb,  de  la  Belgique,'  p.  25,  pi.  xxxiv.  figs.  35,  36,  37. 

Shell  elongated,  conical,  composed  of  from  eleven  to  seventeen 
gradually  increasing  whorls.  A  little  below  the  middle  of  each 
whorl  is  a  broad,  fiat  band,  which  represents  the  sinus  in  the  outer 
lip.  It  is  solid,  and  bounded  by  two  fine  grooves  on  the  lower 
whorls,  but  on  the  upper  whorls  it  is  frequently  hollowed  out  in  the 
centre,  forming  two  keels,  separated  by  a  groove.  Above  the  band 
the  whorl  is  almost  flat,  while  below  it  is  slightly  convex.  The 
surface  of  the  whorls  is  smooth,  with  the  exception  of  the  lines  of 
growth,  which  are  strong  and  irregular ;  they  curve  back  to  the  band 
above  and  forwards  below;  on  the  band  they  are  strongly  arched 
(fig.  3  a).  On  some  specimens  there  is  a  strong  angle  on  the  body- 
whorl  below  the  band,  which  is  visible  just  above  the  sutures  on  the 
upper  whorls.  On  many  specimens,  however,  the  base  is  rounded, 
and  the  angle  is  scarcely  visible.  There  is  a  small  umbilicus.  The 
sutures  are  deep.  The  mouth  is  longer  than  wide,  but  it  is  not  well 
preserved  in  any  of  the  specimens  I  have  seen. 

M'Coy  thought  this  shell  might  be  a  variety  of  M,  VemeuHiana^ 
de  Eon. ;  but  de  Koninck  doubts  its  being  identical  with  his  species, 
and,  after  the  examination  of  his  specimens  at  Brussels,  I  certainly 
think  the  difierences  are  sufficiently  marked  for  it  to  constitute  a 
distinct  species.  It  is  a  much  more  solid-looking  shell  than  M, 
Vemeuilianay  de  Kon.,  the  spiral  angle  is  less,  the  whorls  more 
numerous,  and  the  form  of  the  band  is  usually  difierent ;  it  also 
possesses  an  umbilicus. 

Should  it  be  deemed  advisable  to  take  the  tricarinate  shell  as  the 
type  of  M.  angulata,  PhilL,  this  shell  must  be  called  M,  kendalensisj 
M'Coy.  Othervrise,  of  course,  the  name  Jcendalensis  must  be 
dropped,  and  this  must  be  termed  M,  angvlata^  Phill.,  while  the 
tricarinate  shell  must  have  a  new  name. 

M'Coy  identifies  this  shell  with  the  Devonian  species  M,  angulata^ 
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d'Arch.  Ade  Vem,  (*Geol.  Trans,'  2nd  ser,  vol.  ii.  p.  366,  pi.  zxzii. 
%.  6),  which  is,  I  think,  distinct,  the  whorls  being  much  more  exca- 
vated, and  in  the  type  the  band  is  grooved  on  all  the  whorls,  while 
on  the  variety  a  it  is  much  narrower. 

There  are  about  twenty-two  specimens  of  this  shell  in  the  Wood- 
wardian  Museum ;  the  largest  is  one  figured  by  M'Coy  (pL  3  h.  ^.  11). 
Its  length  is  58  miUim.,  width  of  penultimate  whorl  27  ndllim., 
height  12  millim.  The  shell  is  imbedded  in  the  matrix ;  it  consists 
of  seven  whorls,  and  the  apex  is  broken.  The  base  is  rounded,  and 
the  angle  shows  but  slightly  on  the  upper  whorls,  just  above  the 
sutures. 

A  smaller  specimen  in  this  museum  has  the  angle  well  marked  on 
all  the  whorls.  Only  five  whorls  of  it  are  preserved.  A  nearly  per- 
fect specimen  consists  of  eleven  whorls,  and  would,  probably,  have 
one  or  two  more  if  the  apex  were  entire ;  it  is  45  millim.  in  length, 
but  the  surface  is  badly  preserved.  None  of  these  specimens  have 
the  band  much  hollowed  out  in  the  centre  on  the  upper  whorls,  it 
being  more  or  less  solid  on  all  the  whorls. 

The  specimen  (PI.  XXTV.  fig.  5)  in  the  Gilbertson  Collection,  figured 
by  Prof.  Phillips  ('  Geol.  Yorks.'  vol.  ii.  pi.  xvi.  fig.  16,  sinistra)  is 
merely  a  cast  consisting  of  two  whorls,  but  it  shows  the  strongly 
marked  characteristics  of  this  species.  The  band  is  broad  and  flat, 
and  the  slit  in  the  outer  lip  is  shown. 

There  are  four  specimens  in  Prof.  Phillips's  collection  in  the 
Oxford  Museum,  but^none  of  them  are  well  preserved.  One,  which 
is  much  imbedded  in  the  matrix,  consists  of  about  seventeen  whorls, 
and  it  has  the  strong  angle  below  the  band. 

Its  length  is  about  36  millim. 

There  are  specimens  of  this  shell  in  the  Geological  Society's  Museum, 
the  Museum  of  Practical  Geology,  and  the  Eendal  Museum;  and  there 
are  also  one  or  two  others  in  tiie  Natural  History  Museum,  besides 
that  figured  by  Phillips. 

Locality.  All  the  above-mentioned  fossils  are  from  Kendal,  with 
the  exception  of  the  specimen  figured  by  Phillips,  which  is  from 
BoUand. 

Formation,  Mountain  Limestone. 

Mr.  Morton,  Liverpool,  has  specimens  in  his  collection  firom 
Porth-y-Yaen,  near  Oswestry,  Llangollen,  and  Mold.  He  divides 
the  Carboniferous  Limestone  of  that  district  into  the  following 
Uthological  divisions,  in  descending  order : — Upper  Black  lime- 
stone, Upper  Grey  Limestone,  Upper  White  Limestone,  Lower 
White  Limestone,  Lower  Brown  Limestone.  He  finds  that  M, 
kendaUmis,  M'Coy,  ranges  throughout  the  series  with  the  exception 
of  the  Upper  Black  Limestone.  It  occurs  in  the  Lower  Brown  and 
Upper  Grey  at  Llangollen,  in  the  Upper  White  near  Oswestry,  and 
in  the  Upper  Grey  near  Mold. 

In  the  Wood  Collection  in  the  York  Museum  there  is  also  a 
specimen  from  Oswestry  (PL  XXIY.  fig.  4).  It  consists  of  about  eight 
whorls,  and  the  apex  is  broken.  The  band  on  the  lower  whorls  is 
solid,  but  on  the  upper  it  is  grooved  and  composed  of  two  keeb. 
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It  exhibits  a  slight  variation,  there  being  two  fine  lines  on  the  part 
of  the  whorl  above  the  band.     The  angle  is  well  developed  on  the 
lower  part  of  the  whorl.      (Jmbilious  distinct.      Month  broken. 
Length  36  miUim.,  width  of  body-whorl  19^  millim. 
Formation,  Mountain  Limestone. 

MuEOHisoiriA  Vebneuiliana,  de  Kon.    (PI.  XXIV.  figs.  6-8.) 

Murchisonia  Vemeuiliana,  L.  G.  de  Koninck,  1 843,  *  Precis 
Aem.  de  G^logie,  par  J.  J.  d'Omalins  d'Halloy,'  p.  616. 

Murchisonia  Vemeuiliana,  L.  G.  de  Koninck,  1843,  •  Descr.  des 
Anim.  Foss.  du  Terr.  Garb,  de  la  Belgique,'  p.  414,  pi.  xxxviii. 
fig.  6. 

Murchisonia  Verneuiliaiui,  H.  G.  Bronri,  1848,  '  Index  PaljBontol.' 
p.  748. 

Non  Murchisonia  Vemeuiliana,  var.  hendalensis,  F.  M'Coy,  1855, 
« Brit.  Pal.  Rocks  and  Foss.'  p.  532,  pi.  3  h.  figs.  11  and  12. 

Murchisonia  VemeuUiana^  L.  G.  de  Koninck,  1877,  '  Recherches 
sur  les  Foss.  Pal.  de  la  Nouvelle-Galles  du  Sud,'  p.  119,  pi.  xxiii. 
fig.  15. 

Murchisonia  VemeuUiana,  J.  J.Bigsby,  1878,  'Thesaurus Devonico- 
Carboniferus,'  p.  327. 

Murchisonia  VemeuUiana^  De  Kon.,  1883,  '  Faune  du  Calc.  Garb, 
de  la  Belgique,'  p.  25,  pi.  xxxiv.  figs.  35,  36,  37. 

Shell  conical,  composed  of  from  eight  to  ten  angular  whorls.  A 
little  below  the  centre  of  each  whorl  there  are  two  strong  keels, 
between  which  lies  the  sinual  band ;  the  band  is  wide  and  sunk 
between  the  two  keels.  The  lines  of  growth  are  distinct,  curving 
back  to  the  band  above  and  coming  forward  again  below ;  on  the 
band  they  are  arched,  but  not  so  strongly  as  in  2f .  kendaUnsis^ 
M'Goy.  The  surface  of  the  whorls  is  almost  fiat,  being  but  slightly 
convex.  The  base  of  the  last  whorl  is  convex ;  it  has  a  slight 
angularity  a  little  below  the  band,  which  is  hidden  by  the  suture 
on  the  upper  whorls.  Prof,  de  Koninck  says  that  the  last  whorl 
has  a  tendency  to  become  detached  from  the  preceding  whorls. 
The  sutures  are  deep.  The  mouth  is  a  little  longer  than 
wide.  The  columella  is  simple,  and  there  is  no  umbilicus. 
The  surface  of  the  whorls  is  generaUy  ornamented  with  fine  spiral 
strice.  The  largest  of  the  specimens  in  the  Woodwardian  Museum 
has  these  spiral  lines  well  preserved.  Another  only  shows  two 
of  the  strongest  lines  above  the  band  and  two  below ;  the  keels 
bounding  the  band  of  this  specimen  also  appear  to  be  slightly 
undulating,  but  this  may  arise  from  wear,  as  the  surface  of  the  shell 
is  much  worn.  The  specimen  figured  by  de  Koninck  has  only  the 
spiral  lines  below  the  band. 

De  Koninck  says  that  this  shell  differs  from  M,  plicata,  Goldf., 
by  the  depth  of  its  suture  and  also  by  the  absence  of  the  keel  on 
the  base.  In  the  type  of  M,  plicata,  Goldf.,  which  I  have  examined 
in  the  Bonn  Museum,  there  is  a  still  greater  difference,  for  the  upper 
margin  of  the  whorl  is  nodulose  at  the  suture,  the  keel  below  the 
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band  on  the  body-whorl  is  also  nodulose,  the  surface  of  the  shell  is 
plicated,  and  the  keels  bounding  the  sinual  band  are  somewhat 
undulating,  as  in  ilf.  Humboldtiana,  In  1843,  de  Eoninck  ('  Descr. 
des  Anim.  Eoss.  du  Terr.  CSarb.  de  la  Belgique,'  p.  414)  considered 
this  shell  identical  with  a  Devonian  one  figured  and  described  by 
A.  d'Archiac  and  E.  de  Vemeuil  as  M.  angulata  ('  Trans.  Geol.  Soc' 
2nd  ser.  vol.  ii.  p.  356,  pi.  xxxii.  fig.  6) ;  but  in  1883,  *  Faune 
du  Gale.  Garb,  de  la  Belgique,'  p.  25,  he  says  he  considers  them 
to  be  distinct  species. 

This  shell  bears  a  strong  resemblance  to  the  Devonian  Phuroto- 
maria  angulata  of  Sandberger  (*  Die  Versteinerungen  des  Bheinis- 
chen  Schichtensystems  in  Nassau,'  p.  204,  pi.  xxiv.  ^,  19). 

1  am  not  aware  of  its  having  been  described  as  British  before. 

There  are  four  specimens  of  this  species  in  the  Woodwardian 
Museum.  The  length  of  one  (PL  XXIV.  fig.  6),  consisting  of  eight 
whorls,  is  21  miUun.,  width  of  body-whorl  13  millim.,  height  of 
body-whorl  9  millim.  A  portion  of  a  larger  shell  (PL  XXIV.  fig.  7), 
consisting  of  three  whorls,  has  a  length  of  21  millim. ;  the  width 
of  the  body-whorl  is  14  millim. ;  height  of  body-whorl  15  millim. 
The  other  two  specimens  are  much  smaller. 

Locality.  Settle. 

Formation,  Mountain  Limestone. 

In  the  Museum  of  Practical  Geology  there  are  three  very  small 
specimens,  which  are  of  about  the  same  size  as  the  smallest  I  saw 
in  the  Brussels  Museum.  The  length  of  that  figured  on  PI.  XXIV. 
fig.  8  is  7  millim.,  width  of  body-whorl  nearly  4  millim.  It  is  on 
the  same  piece  of  rock  as  Pleurotomaria  Grriffithii,  de  Kon, 

Locality.  Abergele. 

Fotination,  Mountain  Limestone. 

The  other  two  specimens  in  this  Museum  are  from  the  Mountain 
Limestone  of  Narrowdale  and  the  Great  Ormes  Head. 

MuBCHisoNiA  FZRAianATA,  sp.  nov.    (PI.  XXIV.  fig.  9.) 

Shell  elongated,  whorls  angular,  gradually  increasing.  Only  four 
whorls  and  a  portion  of  a  fifth  are  preserved ;  there  would  probably 
be  ten  or  twelve  if  the  shell  were  entire.  There  is  a  prominent 
rounded  keel  situated  about  two  thirds  down  each  whorl,  which 
evidently  represents  the  sinual  band,  though  no  lines  of  growth  are 
preserved  on  it.  These  lines  curve  backwards  to  it  above  and  slightly 
forward  again  below ;  they  are  fine  and  faint.  The  surface  of  the 
whorls  both  above  and  below  the  band  is  slightly  concave,  and  the 
base  is  convex.  The  form  of  the  mouth  and  columella  is  unknown, 
as  the  base  is  broken.  The  lower  part  of  the  whorl  is  covered  with 
fine  spiral  threads,  thus  disposed: — immediately  below  the  band  is  a 
deep  groove,  then  a  strong  thread,  three  or  four  finer  ones,  another 
strong  thread  which  is  about  midway  between  the  band  and  the 
suture,  below  this  there  are  two  or  three  fine  ones  on  the  upper 
whorls,  but  they  are  more  numerous  on  the  base,  which  is  covered 
with  them.  These  spiral  lines  are  slightly  beaded;  they  are 
probably  rendered  so  by  the  crossing  of  the  lines  of  growth.  Above 
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the  band  there  is  a  spiral  thread  about  two  thirds  below  the  satore, 
and  immediately  below  the  suture  there  is  another  fine  thread  on 
the  body-whorl,  but  it  is  not  preserved  on  the  other  whorls. 

There  is  only  one  specimen  of  this  shell  in  the  Gtilbertson 
Collection  in  the  Natural  History  Museum  (no.  G.  234).  The 
length  of  the  four  and  a  half  whorls  is  20  millim.,  width  12  millim. 

The  shell  has  a  slight  resemblance  to  if.  Archiaciana,  de  Kon.,  but 
the  whorls  are  not  so  convex,  the  band  is  narrower  and  more 
prominent,  and  the  spiral  lines  below  the  band  are  beaded  and 
more  numerous.  Perhaps  the  general  form  most  nearly  approaches 
that  of  M.  spirata,  Goldf.,  the  type  of  which  I  have  seen  at  Bonn ; 
but  the  band  of  this  species  is  formed  of  two  keels,  separated  by  a 
small  groove,  and  there  are  only  two  spiral  lines  below  it,  instead  of 
the  numerous  lines  of  M,  pyramidata. 

Locality,  Bolland. 

Formation,  Carboniferous  Limestone. 

MVBCHISOKIA  ZOKATA,  Sp.  UOV.      (Woodcuts,  figS.  1,  2.) 

Shell  conical ;  whorls  convex,  separated  by  deep  sutures.  There 
are  only  two  specimens  of  this  shell,  and  neither  of  them  is  entire, 
but  three  whorls  being  preserved  of  each,  and  one  specimen  is  a 

Fig.  1. — Murchisonia  zonata.       Fig.  2. — Cast  of  Murchiionia 
Donald.     Nat.  size.  zonatay  Donald. 


From  the  Mountain  Limestone  of  Narrowdale. 

mere  cast.  The  sinual  band  is  situated  about  the  middle  of  each 
whorl ;  it  is  broad  and  flat,  and  is  not  raised  above  the  surface  of 
the  whorl ;  it  is  bounded  by  two  grooves.  Below  the  sinual  band 
there  are  two  narrower  and  slightly  convex  bands,  separated  by 
grooves,  and  on  the  body-whorl  there  are  two  or  three  additional 
bands  and  grooves.  On  the  upper  part  of  the  whorl  there  are  two 
very  shallow  grooves,  one  of  which  is  about  midway  between  the 
suture  and  the  sinual  band,  and  the  other  is  just  below  the  suture. 
The  lines  of  growth  are  only  preserved  on  the  upper  part  of  the 
body-whorl,  where  they  are  distinct  and  curve  backwards  to  the 
sinual  band.    The  mouth  is  imbedded  in  the  matrix. 
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Length  of  the  more  perfect  specimen  8  millim.,  width  5|  millim. 
Length  of  the  cast  10  millim.  These  two  shells  are  in  the  Carr 
Collection  in  the  Mnseum  of  Practical  Geology. 

This  species  bears  some  resemblance  to  M,  Sedgwickuma^  de  Kon., 
bnt  it  is  more  elongated,  the  bands  and  grooves  are  not  so  evenly 
disposed,  and  it  is  also  much  smaller.  Erom  M,  svhsulcata,  de 
Eon.,  it  is  distinguished  by  the  greater  number  of  grooves  possessed 
by  that  species.  The  American  form,  M.  terehriformis^  Hall, 
most  nearly  approaches  it ;  but  it  is  ornamented  with  elevated  spiral 
striae  below  the  band  instead  of  with  flat  bands. 

Locality,  Narrowdale. 

Formation,  Mountain  Limestone. 

MVBCHISOinA  SFH^EBTTLAIA,  Sp.  UOV.      (PI.  XXIV.  flg.  10.) 

Shell  elongated,  conical,  composed  of  numerous  convex  whorls. 
The  whorls  are  rendered  slightly  angular  in  the  middle  by  the  sinual 
band.  The  band  is  broad  and  flat,  and  bounded  by  two  narrow 
grooves  ;  there  is  a  wider  and  shallower  groove  in  the  centre  of  it. 
Below  the  band  there  are  five  or  six  spiral  lines ;  they  are  some- 
what indistinct,  and  are  slightly  reticulated  with  the  lines  of 
growth.  The  lines  of  growth  are  strong,  and  curve  backwards  to 
^e  band  above,  and  forwards  below;  they  are  arched  on  the 
band.  The  upper  part  of  the  whorl  is  smooth.  The  mouth  is 
longer  than  wide. 

There  is  but  one  specimen  of  this  species  in  the  Museum  of 
Practical  Geology,  and  it  has  only  four  whorls  preserved. 

Length  17  nullim.,  width  of  body-whorl  8  millim.,  width  of 
penultimate  whorl  7  millim. 

This  shell  is  more  elongated  than  M,  zonata,  and  it  is  orna- 
mented with  fine  spiral  lines  instead  of  with  flat  bands.  It  is 
larger  than  M,  terebriformis,  HaU,  the  whorls  increase  more  slowly, 
and  the  lines  below  the  band  are  very  fine  and  more  numerous, 
instead  of  being  raised  spiral  threads. 

Locality,  James's  Cleugh,  Xing  Water,  Cumberland. 

Formation,  Lower  Carboniferous. 

MiTBCHisoiriA  TBKUissncA,  sp.  nov.     (PI.  XXIV.  ^.  11.) 

Shell  very  elongated,  turriculated.  A  perfect  specimen  would 
possess  from  ten  to  twelve  whorls.  Whorls  angular,  and  each 
ornamented  with  six  spiral  keels.  Three  of  these  keels  are  placed 
rather  dose  together  about  the  middle  of  the  whorl  and  form  the 
sinual  band;  the  central  keel  is  a  little  finer  than  the  others. 
Above  the  band  a  fine  keel  lies  just  below  the  suture,  and  below 
the  band  there  are  two  keels,  the  lowest  of  which  appears  just 
above  the  suture  on  the  upper  whorls.  On  the  body-whorl  there  is 
also  a  very  fine  thread  between  the  band  and  the  uppermost  keel. 
The  lines  of  growth  are  strong  and  very  distinct ;  they  curve  back  to 
the  band  above,  and  forward  below ;  they  are  arched  on  the  band. 
The  specimen  is  imbedded  in  the  matrix,  and  the  body-whorl  is 
broken  away  £rom  the  rest  of  the  shell. 
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There  is  only  one  specimen  in  the  Moseiun  of  Practical  Geology ; 
its  length  is  10  millim. 

The  only  shell  which  this  resembles  is  Turriidlat  suldfera^  Portl., 
from  which  it  differs  by  the  form  of  the  band,  which  is  formed  of 
only  two  keels  in  T,  suldfera^  and  the  space  above  the  band  is 
greater  and  slopes  more  gradually  than  in  that  species. 

Locality,  Wark,  Northumberland. 

Formation.  In  beds  on  about  the  same  horizon  as  the  top  of  the 
Mountain  Limestone  and  the  base  of  the  Toredales. 

TiTRRITBLLA?  SULCIFEEA,  Portl.      (PI.  XXIV.  fig.  12.) 

Turritdla?  wldfera,  J.  E.  Portlock,  1843,  'Geol.  Rep.  London- 
derry,' p.  420,  pi.  xzxi.  ^.  1 1. 

A  minute  shell  in  the  Museum  of  Practical  Geology  is  considered, 
but  not  without  doubt,  to  be  the  specimen  figured  and  described  by 
Gen.  Portlock.  He  describes  it  as  a  '*  minute  shell,  having  ten 
whorls  in  less  than  one  third  of  an  inch;  it  is  narrow  and 
elongated,  and  has  its  whorls  marked  by  spiral  sulci,  bounded  by 
strong  spiral  ridges,  of  which  there  are  four  on  each  whorl."  His 
figure  is  too  imperfect  to  be  of  any  assistance  in  the  way  of 
identification ;  but  the  specimen  in  the  Museum  agrees  with  the 
description,  with  the  exception  that  there  is  a  fifidi  keel  on  the 
lower  whorls,  where  it  appears  just  above  the  suture,  and  on  the 
uppermost  whorls  it  is  hidden  below  the  suture.  The  apex  is 
broken,  but  this  may  have  been  done  since  Gen.  Portlock's 
description  was  written.  Thus  only  seven  whorls  remain.  Of  the 
five  keels  with  which  the  whorls  are  ornamented  the  central  and 
that  next  above  are  the  strongest,  the  uppermost  is  the  slightest, 
and  the  space  below  the  uppermost  keel  is  the  widest.  This  shell 
bears  a  strong  resemblance  in  its  characteristics  to  species  of  the 
genus  Murchisonia^  but  as  neither  the  mouth  nor  the  lines  of 
growth  are  preserved,  it  cannot  with  certainty  be  referred  to  this 
genus.  Should  it  be  a  Murchitonia^  the  sinus  probably  lies  between 
the  strongest  keels.  I  have  seen  no  shell  resembling  this  species  in 
the  Irish  collections  in  Dublin;  and  this  is  the  only  specimen  I 
know  of  that  comes  near  to  Gen.  Portlock's  description.  Length  of 
the  seven  whorls  5  millim.,  width  of  the  penultimate  whorl 
under  2  millim. 

Locality.  CuUion,  co.  Deny. 

Formation.  Shales  in  the  Lower  Limestone.  This  is  probably 
about  the  same  horizon  as  the  lower  part  of  the  Mountain 
Limestone. 

Note. — In  concluding  this  paper  I  must  acknowledge  how  greatly 
I  am  indebted  to  Prof.  Hughes,  Prof.  Prestwich,  Mr.  Etheridge, 
Mr.  E.  T.  Newton,  Prof.  Schliiter,  Dr.  Purves,  and  others,  for  afford- 
ing me  every  facility  in  studying  the  collections  in  the  different 
museums  with  which  they  are  connected.  The  Bev.  G.  Orewdson 
has  also  kindly  lent  me  specimens  from  the  Kendal  Museum* 
I  am  also  under  great  obligations  to  Mr.  Goodchild  for  revising 
these  notes  and  assisting  me  in  many  ways. 
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BXPLAKATION  OP  PLATE  XXIV. 

Figs.  1,1a.  Murchisonia  anffulata,  Phill.?     Bolland.     Nat.  size,     la,  band 
enlarged. 

2. .    Settle.     x2. 

3,  do.  kendcLienriSf  M'Coj.    Kendal.    Nat.  size.    3a,  band  enlarged. 

4,4  a. .    Oswestry.    Nat  size.    4  a,  fourth  whorl,  X  3. 

5. .    Bolland.    Nat  size. 

6,  7. Vemettiliana,  de  Kon.    Settle.     X2. 

8. .    Abergele.     x6. 

9.  pyramidatat  sp.  n.    Bolland.     x2. 

10. 8pharulata,  sp.  n.    James's  Oleiigh,  King  Water,  Cumberland. 

X8. 

11.  tenuissima,  sp.  n.    Wark.     x6. 

12.  TwrriteUa  ?  suleifera,  Portl.  ?    Oullion.     X 10. 


DiBCUSBION. 

The  Pbxsident  remarked  that  while  there  was  little  in  such  a 
paper  as  that  before  the  Meeting  which  could  have  interested  the 
Fellows  had  it  been  read  in  full,  the  paper  was  nevertheless  of 
great  value  as  containing  many  most  useful  observations  upon  a 
very  important  group  of  Palaeozoic  fossils. 

Mr.  GooDCHiLD  stated  that  Miss  Donald  had  not  only  studied  most 
carefolly  the  fossils  of  the  northern  district  in  which  she  resides,  but 
she  had  also  pursued  her  researches  during  visits  to  many  museums 
in  this  country  and  also  on  the  continent  of  Europe. 
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43.  NoTBB  on  9ome  Poltzoa  /rom  t^  Lias. 
By  Edwik  a.  Walpobd,  Esq.,  F.G.8.    (Read  June  23, 1887.) 

[Plati  XXV.] 

The  Polyzoa  of  the  lias  at  present  known  seem  to  be  restricted  to 
the  genera  SUrniatopora^  Prohoscina,  Spiropora,  Heuropora,  Licheno- 
pora,  SemimuUiclatigay  Dicutopora  {Berenicea  being  by  later  syste- 
matists  classed  with  the  Diastoporce)^  and  the  genus  it  is  now 
proposed  to  add,  viz.  IhibuUpara. 

Hjbtobt. 

In  ^Morris's  Catalogue  of  British  Fossils,'  published  in  1854,  there 
is  no  record  of  Polyzoa  from  the  Lias ;  but  the  steadily  accumulating 
records  of  paleeontological  work  enabled  Mr.  K.  Etheridge,  E.R.S., 
in  1882,  in  his  Presidential  Address  to  the  Geological  Society  *  to 
tabulate  three  genera  and  six  species.  Yinef  in  the  British 
Association  Beport  for*  the  same  year  reviews  but  three  genera  and 
four  species.  French  and  German  authors  have,  however,  increased 
the  number.  Although  Deslongchamps  $,  having  turned  over  his 
Neurapora  to  the  Spongidae,  mentions  but  two  genera,  representing  as 
many  species,  Haime  §  can  add  but  one  species  more,  saying,  at  the 
end  of  his  admirable  monograph,  "on  ne  connait  encore  aucun 
bryozoaire  dans  le  lias  moyen  ni  dans  le  lias  sup^rieur."  Terquem 
and  Pietto  ||  in  1865  recognize,  in  addition  to  some  forms  previously 
described  by  Fromentel  ^,  three  genera  new  to  the  Lower  Lias,  and 
add  also  six  new  species :  a  few  years  later  Dumortier  *•  catalogues 
in  his  list  of  fossils  from  the  several  divisions  of  the  Lias  of  the 
Rhone  basin  seven  species,  of  which  four  are  new.  Their  occurrence 
in  the  Lias  of  Germany  appears  to  be  very  rare,  for  Quenstedt  and 
Oppel  mention  but  one  species. 

The  rarity  of  Polyzoa  in  the  Lias  of  England  has  been  pointed  out 
by  Prof.  Tate  tt  when  describing  a  new  species  of  Spiropora  from 
the  Upper  Lias  (Leptsena-beds)  of  May,  Normandy.  To  that  species 
(^Spiropora  liassica)  he  refers  other  Polyzoa  from  the  Middle  Lias 
of  King's  Sutton,  Northamptonshire,  in  Mr.  Beealey's  collection. 

*  *•  On  the  Analysis  &  Distrib.  of  Brit  Jurass.  Foes.,"  by  B.  Etheridge, 
F.B.S.,  &o.,  Quart.  Journ.  Qeol.  Soc.  vol.  xxxviii.  Proo.  p.  162  (1882). 

t  Third  Report  on  Fobs.  Polyzoa  (Jurass.  sp.,  Brit,  area  only)  by  Dr.  H.  C. 
Sorby,  F.R.S.,  and  G.  B.  Vine,  Brit.  Assoc.  1882. 

I  *  Etades  Jurass.  Inf.  de  La  Normandie/  par  M  £.  Eudes-Dealongchanips, 
Paris  and  Caen,  1864. 

§  "Descr.  des  Bryozoaires  Fobs,  par  Jules  Haime,**  M^m.  Soc.  GtM.  de 
France,  2«  s^rie,  t  v.  (1854). 

II  Terquem  k  Pietto,  "  Lias  in£.  de  Test  de  la  France,**  M^.  Soc  QM,  de 
France,  2*  afirie,  L  viii.  p.  124. 

^  Fromentel,  E.,  "PaL  de  la  Cdte-d'Qr,**  M^m.  Soc.  G^l.  de  France,  2*  s^rie,  t 
Tu.  p.  91. 

**  Dumortier,  E.,"  Etudes  PaL  sur  les  D4p.  Jurass.  du  Baasin  dn  Bhdne," 
Paris,  1864-1874. 

tt  Tate,  B.,  "On  some  New  Liassic  Fossils,"  Geol.  Mag.  deo.  2,  vol.  n.  p.  205. 
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Amongst  some  specimens  from  the  latter  locality  in  my  own  cabinet 
are  numerous  examples  which  both  Mr.  Vine  and  myself  consider 
to  be  distinct  from  Tate's  type ;  and  to  the  consideration  of  them  and 
associated  forms  these  notes  are  directed. 

Inasmuch  as,  with  the  Gyclostomatous  Polyzoa,  the  simple  cell- 
structure  makes  it  necessary  for  the  student  to  adopt  in  great  degree 
zoarial  growth  as  a  means  of  classification,  there  occasionally  occur 
forms,  as  in  the  species  under  notice,  which  find  no  secure  resting- 
place  under  any  family  roof.  In  other  examples^  from  the  Inferior 
Oolite,  this  difficulty  is  equally  apparent. 

Tfbulipoba  iwconstans,  sp.  noT.    (PI.  XXV.  figs.  1-9  &  12.) 

Barely  does  a  form  present  more  varying  and  erratic  modes  of 
growth  than  the  species  before  us.  Whilst  some  colonies  have  a 
foliaceous  habit  (%.  1),  others  are  cylindrical  (^g,  5),  after  the 
fashion  of  Diastopora  Lamaurotiod,  M.-Edw.,  though  the  predomi- 
nant form  of  growth  is  erect,  ramose,  and  cylindrical  (figs.  4  and  7). 
In  some  instances  from  the  flattened  lobes  spring  branches  cylindri- 
cal or  but  slightly  flattened  (fig.  8),  and  occasionally  the  colony  is 
adnate. 

The  zocecia  are  long,  with  proximal  extremities  free  for  as  much 
as  ^  or  4  of  their  whole  length  (fig.  7),  or  else  have  but  a  slight 
degree  of  projection  from  the  stem.  The  peristomes  are  circular 
(fig.  2),  opening  irregularly  over  the  zoarium,  and  are  about  two 
thirds  of  the  diameter  of  the  zocecia.  Bright  and  distinct  purple 
lines  separate  the  cells  in  marked  contrast  to  the  fawn-colour  of  the 
cells  themselves.  Covering  the  whole  surface  are  tubular  papillae 
or  minute  projecting  tubes  (surface-pores),  arranged  occasioualiy 
in  transverse  or  subspiral  lines.  The  pores  st^m  tu  communicate 
with  the  interior  of  the  cell  and  are  apparently  connected  with 
each  other  by  delicate  tubes  (fig.  3),  which  traverse  the  outer  wall 
mainly  in  the  direction  of  the  length  of  the  cell.  These  surface- 
pores,  common  to  many  families  of  the  Polyzoa,  are  almost  iden- 
tical with  the  markings  upon  some  Italian  Proboscina, 

The  zocecia  of  botib  foliaceous  and  cylindrical  forms  bear  just 
ivithin  the  peristome  solid  circular  closures  (fig.  2).  Though  there 
appear  to  be  no  absolutely  terminal  closed  cells,  yet,  immediately 
below  the  extremity  of  the  newest  branch,  cells  are  often  provided 
with  the  closures — a  point  rather  against  the  theory  of  their 
development  being  only  on  old  and  worn-out  cells.  The  position  of 
tbis  calcareous  cover  below  the  orifice  tells  also  somewhat  against 
its  being  considered  a  movable  operculum.  In  its  centre  is  a 
funnel-shaped  perforation  measuring  about  one  third  of  the  width 
of  the  whole,  and  there  are  also  a  few  scattered  minor  perforations. 
Frequently  a  slight  constriction  of  the  zooecial  tube  may  be  noted 
below  the  position  of  the  closure. 

Prof.  Busk  *  figures  species  of  Pustulopora  and  Patinella  with  the 
zooecial  tubes  closed  with  calcareous  lids,  which  are  placed  quite 

*  *The  Polyzoa  of  the  Orag,'  by  G.  Busk,  pi.  xyiii.  fig.  2,  pL  six.  ^,  1,  Mem. 
FaLSoo. 
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close  to,  though  within,  the  orifice.  In  an  able  critique  by  Mr.  F. 
D.  Longe  *,  examples  of  Jurassic  DiaHoporcB  are  shown  with  the 
dosures  in  a  terminal  position,  and  hence  the  author  infers  that 
there  is  no  substantial  difference  between  them  and  the  opercula  of 
the  Chilostomata. 

Prof.  D.  Brauns  f  boldly  advocates  the  establishment  of  an 
operculate  division  in  the  order  Cyclostomata,  aud  places  under  that 
head  the  genus  Elea^  with  Mea  foliacea  as  his  type. 

Mr.  Waters  $,  working  upon  Becent  and  Tertiary  material,  points 
out  that  '^  The  most  usual  position  for  the  calcareous  plate  whidi 
closes  the  tube  would  seem  to  be  about  the  point  where  the  zooedal 
tube  rises  free  from  the  zoarium."  In  the  genera  Homera^  Entalo- 
phora,  and  Beiiculijpora,  figured  by  him,  the  closures  are  shown  to 
be  so  far  within  the  tube  as  to  almost  negative  the  question  of  their 
identity  with  movable  opercula.  A  section  of  Neuropora  damtcomig 
(Lamz.)  in  my  collection  shows  each  zocecial  tube  with  numerous 
closures  or  septa,  none  of  which^  however,  are  near  the  mouth. 

The  zocecial  surface  is  not  only  transversely  wrinkled,  but  also 
shows  some  traces  of  what  may  possibly  be  spines.  This  feature  is, 
however,  very  obscure,  for  the  surface  of  well-preserved  specimens 
is  often  covered  with  a  dose  and  exceedingly  delicate  calcareous 
network  (fig.  6),  partly  hiding  even  the  dark  lines  of  the  zooBcial 
walls.  A  similar  network  of  fine  threads  occurs  upon  small  shells 
found  in  the  same  beds. 

The  ooecia  are  rare  and  consist  of  irregular  inflations  of  one  or 
two  cells  (fig.  4).  In  one  instance  the  ocecium,  apparently  an 
enlarged  simple  cell,  ia  provided  with  a  smaller  opening  in  addition 
to  the  ordinarily  large  mouth.  Other  forms  of  ooecia  are  external 
semiglobose  chambers  enveloping  the  free  parts  of  one  or  two  cells 
(fig.  9).  The  study  of  this  species  brings  home  the  fact,  so 
frequently  acknowledged  by  specialists,  of  the  unsatisfactory  nature 
of  the  classification  of  the  Cydostomatous  Polyzoa ;  aud  one  cannot 
put  aside  the  thought  that  had  a  few  fragments  only  of  it  been 
found,  one  portion  might  have  done  duty  as  a  foliaceous  Duuicpora, 
another  as  an  JEntalophora,  whilst  a  third  would  possibly  have  been 
referred  to  TubuUpora.  Notwithstanding  some  superfidal  resem- 
blance to  Diastopora  cervicomis  and  D,  Lamowrouociy  M.-Edw.,  the 
exceptional  length  of  the  zooecia  and  their  partial  freedom  sufficiently 
remove  the  Eing's-Sutton  species  from  the  IHastoporce,  irrespective 
of  its  Tuhutipora-like  habit  of  growth.  To  the  Spiropara  the 
foliaceous  and  adherent  forms  present  an  insuperable  barrier 
(though  it  must  not  be  overlooked  that  Criccpara  ahbreviata^  Mich., 
IS  figured  with  a  flattened  base  from  which  the  branches  spring). 
The  cell-dosures  do  not,  as  yet,  seem  to  have  been  discovered  either 

*  LoDse,  F.  D.,  "  On  the  BelaUon  of  the  Eecharoid  Forms  of  Oolitic 
Polytoa,   &c.,  G«oI.  Mag.  dee.  ii.  toL  viii.  p.  23. 

t  *'  Die  Bryosoen  des  mittleren  Jura  der  Qegesd  von  Metz,**  tod  D.  Braana,  in 
Ualle.    ZeitBchr.  d.  deutachen  geolog.  Gesellflchaft,  Jahrs.  1879. 

I  Waters,  A.  W.,  "  Closure  of  the  Cydostomatous  Bryozoa,"  TAnry^  Soo. 
Joum.  ToL  xrii.  p.  400. 
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in  the  Spiroporce  *  or  the  TuImliporcB  ;  yet,  notwithstanding  this, 
I  think  the  species  finds  best,  though  insecure,  place  with  the  latter 
group.  It  has  the  long  and  partly  free  zooecia  of  Tuhulipara,  and 
an  inconstant  habit  of  growth  common  to  the  genus.  As  a 
provisional  name  therefore  seems  to  be  necessary,  I  would  suggest 
that  of  Tubulipara  iiiconstans.  The  transverse  line  or  septum 
formed  by  the  two  layers  of  cells  when  back  to  back,  as  in  the 
foliaceous  forms  (fig.  12),  has  somewhat  of  a  Diastoporoid  look. 

Through  the  courtesy  of  Mr.  Newton  I  have  been  enabled  to 
examine  the  type  specimens  of  Tate's  Spiropora  liaesica  at  the 
Jermyn-Street  Museum,  and  it  appears  to  me  that  the  Spiropora-^ 
like  branches  of  Tuhulipora  inconstans  are  not  only  provided  with  a 
smaller  number  of  zooecia  to  form  an  average-sized  zoarium,  but  the 
zooBcia  are  also  much  longer  and  somewhat  broader.  Their  dispo- 
sition is  irregular,  whereas  S.  liassica  has  a  regular  arrangement  of 
the  peristomes  in  each  annulation  and,  moreover,  the  ordinary 
erect  colonial  growth  of  the  Spiroporas. 

Horizon  and  Locality,  From  the  Marlstone  Bock-bed,  zone  of 
Ammonites  spinatuSj  of  the  Middle  Lias,  King's  Sutton,  Northampton- 
shire, also  from  the  Transition  bed  between  the  Middle  and  Upper 
lias  at  Appletree,  near  Banbury,  and  at  Badby,  near  Daventry. 


Associated  with  the  species  above  described  are  two  others  in  which, 
though  the  colonial  and  zooecial  forms  are  essentially  difierent  from 
it,  the  structural  details  are  so  closely  mimicked  as  to  make  their 
reference  to  other  genera  a  matter  of  doubt.  I  have  therefore 
described  and  figured  them,  but  have  left  the  nomenclature  until 
further  evidence  shall  show  their  precise  relationship. 

Zoarium  erect,  uniserial,  commencing  as  a  straight  or  slightly 
undulating  and  often  flattened  simple  tube,  then  dilating  and 
throwing  off  a  branch  right  and  left,  without,  however,  any  cell- 
opening  at  the  node,  though  a  famt  line  of  fusion  is  visible  in  the 
primary  stem.  The  secondary  branches  or  zooecia  dilate  also  at 
each  succeeding  node  where  the  single  cell  opens  and  a  fresh  zocecium 
begins.  The  branches  diverge  at  an  angle  of  from  45°  to  50^,  and 
the  cell  opens  at  a  little  distance  above  the  point  whence  the  new 
one  has  sprung.  Peristomes  circular,  in  diameter  of  the  normal 
width  of  the  zocecium.  The  surface  pores  and  subsidiary  tubes  are  of 
the  same  character  as  in  Tufmlipora  inconstans,  (PI.  XXY.  %.  11.) 

Though  out  of  the  few  examples  collected  some  are  erect,  others, 
on  the  contrary,  show  some  portion  of  the  zooecium  to  be  flattened 
as  if  the  colony  was  partially  adherent,  and  between  this  and  the 
next  group  there  seem  to  be  connecting  links. 

Horizon  and  Locality,  From  the  Middle  lias,  zone  of  Am^ 
monites  spinattts,  King's  Sutton. 

Similar  forms  occur  in  the  Inferior  Oolite  of  Dorsetshire. 

*  Mr.  Waters  (QoArt  Joam.  Geol.  Soo.  toI.  zliii.  p.  340,  1887)  desoribM 
and  figures  Ental^^iora  foan^anuiensis  with  olotores,  axid  I  have  now  Inferior 
Oolite  specieB  nmilarly  provided. 

2x2 
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Stomatopoba*  sp.    (PL  XXV.  fig.  10.) 

Zoarium  adnate,  dilated  at  point  of  attachment,  flattened  or  very 
convex.  Zooecia  uniserial,  large  and  frequently  of  extraordinary 
length  (2  millim.),  the  free  part  then  oomprising  two  thirds  of  the 
length  of  a  single  zooecium  and  springing  from  the  point  of  adherence 
at  an  angle  of  45",  or,  in  some  cases,  almost  vertically.  The  unat- 
tached portion  of  the  cell  is  also  sinuous  and  coarsely  wrinkled,  and 
though  the  surface-pores  are  throughout  of  the  same  t^'pe  as  in  the 
species  already  descrihed,  they  are  apparently  fewer  in  number  than 
upon  the  adherent  part. 

This  form,  so  like  a  Stamatopora,  is  distinguished  from  any  de- 
scribed species  of  that  genus  by  the  greater  length  of  the  free  parts 
of  the  zooecia,  and  also  by  their  size  and  the  distance  from  peristome 
to  peristome. 

Horizon  and  Locality,  From  the  Middle  Lias,  zone  of  Am- 
monites spinatus^  King's  Sutton. 

Addehdum  [September  16, 1887]. 
The  quarry  from  which  these  Polyzoa  have  been  collected  is 
noted  as  having  yielded  many  beautiful  specimens  of  both  Mollusca 
and  Ck>rals,  and  amongst  the  rarer  forms  mention  may  be  made  of 
Spirifcrina  oarygona,  E.  DesL,  Pecten  textoriuSy  Schl.,  MytUits  avio- 
thensis,  Buv.,  Perna  lugdunensis,  Dumort.,  Pleurotomaria  mirabiliSy 
E.  Desl.,  Thamna^trosa  Etheridgiiy  Tomes,  and  Astroccenia,  sp. 
The  Eoraminifera  are  well  represented,  the  examples  of  Dentalina^ 
Nodosaria,  Margintdina,  Vagintdina,  and  CriaUllaria  being  excep- 
tionally large,  whilst  species  of  Frondiculariaj  Olandulina,  and  other 
genera  occur  also.  An  interesting  addition  to  our  fossil  fauna  is 
made  by  the  discovery  of  small  forms  of  Calcispongiae,  which  I  have 
submitted  to  so  eminent  a  specialist  as  Dr.  Hinde.  He  writes  not 
only  that  their  condition  is  simply  marvellous,  but  that  they  belong 
probably  to  the  existing  group  of  the  Leuoonidse,  examples  of  which 
do  not  seem  to  have  been  found  previously  in  a  fossil  condition.  He 
reserves  their  description  for  his  forthcoming  monograph. 

EXPLANATION  OF  PLATE  XXV. 
Fig.  1.   Tubidipora  inconstans,  sp.  n.,  foliaceous  form.     X 12. 

2.  The  same,  sooecium  with  closure.     x40. 

3.  The  same,  worn  zoceoia  showing  surfaoe-pores  and   subsidiaiy  tubes. 

X45. 

4.  The  same,  erect,  Spiropora-like  form,  showing  ooBcia.     x20. 

5.  The  same,  cvlindrical  form.     x25. 

6.  The  same,  showing  fine  threads  upon  the  surface  of  the  cells.     X  25. 

7.  The  same,  erect  form,  showing  free  proximal  ends  of  zooecia.     X 13. 

8.  The  same,  flattened  form  of  irregular  growth,  throwing  off  cylindrical 

branches,     x  14. 

9.  The  same,  showing  ocecia.     X30. 

10.  Stomatapora,  sp.     X  25. 

11.  Species  not  determinable.     X25. 

12.  TubtUipora  inoonstams,  end  of  flattened  lobe.     XSO. 

*  I  have  since  found  the  same  species  in  the  Liferior  Oolite  of  Dorset  Its 
well-marked  distinction  from  other  forms  wiU  induce  vat^  to  nam^  it  Stomato- 
pora  elongaia. 
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44.  On  the  Supebfioial  Gbologt  of  the  Souihebit  Pobhoit  of  the 
Wbalden  Abea.  By  J.  YiircENT  Eisdest,  Esq.,  B.8c.  Lond., 
P.CS.    (Bead  June  23, 1887.) 

[Gommiinioated  by  the  President.] 
IlTEBODUCTOBT. 

MoBE  than  thirty  years  have  elapsed  since  Sir  Boderick  Murchison 
published  his  well-known  paper  '*  On  the  Distribution  of  the  Flint 
Drift  of  the  S.£.  of  England  on  the  Flanks  of  the  Weald  and  over 
the  Surface  of  the  North  and  South  Downs "  *.  The  observations 
uontained  in  that  paper  are  stated  by  the  author  to  be  iar  from  com- 
plete, and  offered  chiefly  to  elicit  further  inquiry  and  discussion. 
Since  that  time  the  6-inch  Ordnance  maps  of  this  area  have  been 
completed,  and  the  superficial  deposits  of  a  considerable  portion  of 
the  district  mapped  by  the  Geological  Survey.  No  detailed  descrip- 
tion, however,  of  the  nature  and  extent  of  the  various  drifb-gravela 
of  the  southern  portion  of  the  Wealden  area  has  been  published 
since  the  completion  of  the  accurately  contoured  maps  of  the 
Ordnance  Survey.  Apart  from  the  importance  attaching  to  any 
new  investigations  relating  to  the  question  of  WeaJden  denudation, 
the  superficial  deposits  of  the  area  under  consideration  are  of 
interest  on  account  of  their  extremely  scanty  occurrence,  many  of 
the  drift-beds  to  be  hereafter  described  consisting  of  nothing  more 
than  a  thin  coating  of  flinty  loam,  or  of  the  mere  fragmentary 
remains  of  old  beds  of  gravel.  But  in  all  cases  the  limits  of  these 
beds  are  sharply  defined,  and  their  relation  to  the  present  contours 
easily  established.  The  following  observations  are  offered  as  the 
result  of  a  somewhat  detailed  examination  of  a  considerable  part  of 
this  aarea  during  the  year  1886,  but  the  investigation  has  of  neces- 
sity been  limited  to  the  district  lying  between  the  central  dome  and 
the  chalk  escarpment  of  the  South  Downs. 

It  will  be  convenient  in  the  treatment  of  the  subject  to  consider 
each  river-basin  separately. 

The  Aran  Bonn, — ^In  the  higher  parts  of  the  Arun  valley  it  has 
already  been  shown  that  the  bills  are  capped  by  patches  of  angular 
chert,  containing  no  flint,  and  representing  probably  the  remains  of 
the  Lower  Greensand  escarpment  when  it  reached  further  south 
than  nowt.  Around  Chiddingfold,  Fisherlane,  and  Dunsfold 
Green  there  occur  frequently  thin  patches  of  loam  with  Greensand 
pebbles,  sometimes  cemented  into  a  conglomerate.  This  deposit 
occurs  indifferently  on  the  hills  and  in  the  valleys.  On  approaching 
Slinfold  we  find  a  good  deal  of  true  river-gravel  on  the  Weald  Clay, 
containing  flints^  pebbles  of  Wealden  sandstone,  and  Lower  Ghreen- 
sand  ironstone  and  chert.  On  the  central  nucleus  of  Hastings  beds 
itself  flints  occur  at  Amy's  Mill,  near  Horsham,  where  Mi.  Drew 
obtained  a  single  fragment  of  flint  from  the  gravel  t*     I  examined 

*  Qaart.  Joum.  GteoL  Soa  vol.  vii.  p.  349. 

t  Topley, '  Geology  of  the  Weald/  p.  200.  J  Ibid, 
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this  section  with  some  care,  in  company  with  Mr.  P.  B.  Head. 
About  8  feet  of  stratified  gravel,  consisting  of  waterwom  Wealden 
fragments,  with  intercalated  beds  of  sand,  occur  in  some  pits  near 
Amy's  Mill  Bridge,  at  no  great  distance  from  the  river,  and  only  20 
or  SO  feet  above  its  level.  After  a  careful  search  as  many  as  seven 
angular  fragments  of  flint  were  found,  so  thin  and  sharp  at  the 
edges  as  to  render  it  improbable  that  they  had  ever  been  transported 
very  far  by  ordinary  river-action.  A  few  of  these  angular  flints 
may  be  found  lying  on  the  surface  of  the  ground  in  the  fields  to  the 
south  of  Amy's  Mill  Farm.  This  occurrence  of  flints  on  the  flanks 
of  the  central  dome  is  extremely  rare.  Murchison,  in  feict,  states 
that  flints  do  not  occur  in  this  portion  of  the  Arun  valley. 

During  the  remainder  of  its  course  through  the  Weald-Clay 
country  there  are  few  deposits  of  any  remarkable  extent  beyond 
loams,  sometimes  containing  concretionary  ironstone,  which  is  often 
ploughed  up,  and  was  orig^ally  smelted.  Between  Eudgwick  and 
the  Lower  Greensand  escarpment  these  loams  occur  on  both  sides  of 
the  river,  greatly  improving  the  agricultural  value  of  the  land.  In 
these  loams  angular  fragments  of  chert  are  found  in  great  abund- 
ance, togetJier  with  some  chalk  flints. 

To  the  south  of  the  Lower  Greensand  escarpment,  however,  there 
are  extensive  deposits  of  angular  gravel,  resting  chiefly  upon  the 
Lower  Greensand,  but  occasionally  also  upon  the  Gault  and  Upper 
Greensand  formations.  These  beds  appear  to  consist  of  two  distinct 
kinds.  In  the  first  place,  there  is  a  true  river-gravel,  which  occurs 
in  patches  along  the  course  of  the  Bother  between  Pulborough  and 
Cowdry  Park ;  but  this  lower  river-gravel  is  sometimes  difficult  to 
separate  from  other  extensive  patches  occurring  at  much  greater 
heights  above  the  present  level  of  the  river. 

Sections  of  the  lower  gravel  are  to  be  seen  in  several  places  in  the 
railway-cutting  between  Coates  and  Pulborough.  At  Fittleworth 
from  5  to  10  feet  of  gravelly  loam  is  seen,  containing  whole  and 
broken  flints,  both  angular  and  subangular,  together  with  ironstone 
and  chert,  and  occasionally  a  rolled  pebble  of  flint.  The  junction  of 
the  Lower  Greensand  is  often  marked  by  the  presence  of  large 
masses  of  ironstone ;  but  stratification  is  only  very  slightly  indicated. 
In  some  places  the  gravel  has  intercalated  beds,  4  or  5  feet  thick,  of 
sandy  loam,  with  only  a  few  flints.  From  the '  abundance  of  flints 
on  the  surface  this  bed  of  gravel  appears  to  extend  over  the  whole 
area  between  Coates  Common  and  Coldwaltham  to  above  the  100  feet 
contour.  At  Hardham  a  pit  shows  about  6  feet  of  sandy  gravel, 
with  very  marked  stratification,  the  beds  being  sometimes  violently 
contorted,  and  the  same  gravel  is  seen  again  at  Hardham  Tunnel. 
All  these  gravels  agree  in  containing  stones  of  very  different  sizes, 
from  large  unbroken  fiints  to  very  small,  sharp,  shattered  frag- 
ments, and  chert  and  ironstone  are  very  abundant.  On  the  north 
bank  of  the  Bother  this  gravel  is  again  seen  at  Lower  Fittleworth, 
where  I  procured  a  fragment  of  bone.  On  the  very  summit  of 
Fittleworth  Common,  above  the  100  feet  contour,  there  are  several 
pits  showing  good  sections  of  gravel  with  a  rude  and  contorted 
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straiificationy  and  often  penetrating  the  Lower  Greensand  in  huge 
pockets.    The  diagram  (fig.  1)  shows  an  upper  and  lower  bed  of 

Fig.  1. — Section  on  FUtleworth  Gommon, 


D 

c 


D.  Angular  graveL  B.  Angular  grayel. 

0.  Loam.  A.  Mounds  of  rabbiflh. 

angular  gravel,  separated  by  an  irregular  bed  of  sandy  loam  con- 
taining no  flints.  This  gravel  continues  past  Lee  Farm  to  the  river 
Arun,  at  Stopham ;  but  on  the  left  bank  of  the  river  not  a  flint  is  to 
be  seen  in  the  section  at  Stopham  Bridge,  where  a  distinctly  bedded 
river-gravel  occurs,  containing  only  Lower  Ghreensand  and  Wealden 
detritus.  Thus,  while  the  Bother  has  brought  down  an  abundance 
of  angular  flints,  the  Arun,  emerging  from  the  Lower  Greensand 
defile,  has  accumulated  only  such  detritus  as  is  furnished  by  the 
Lower  Cretaceous  and  Wealden  strata  (see  fig.  2). 

Fig.  2. — Section  at  Stopham  Bridge. 
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D.  Angular  fragments. 

C.  Loam,  with  no  stones. 

B.  Pebbles  ( water woni). 

A.  Pebbles,  with  large  masses  of  ironstone. 


Following  the  main  stream  down  towards  the  chalk  gorge  at 
Houghton,  a  good  coating  of  gravel  is  found  on  the  isolated  hill  at 
Timberley,  at  a  height  of  57  feet  above  sea-level.  Li  the  railway- 
cutting  here  5  feet  of  angular  and  subangular  flint  gravel  is  seen. 
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with  occasionally  a  very  marked  sbratification. 
A  similar  gravel  capping  is  fonnd  on  the  isolated 
50  feet  contour  to  the  west  of  Amherley,  and 
again  at  Honghton,  while,  within  the  gorge,  the 
gravels  of  North  and  South  Stoke,  and  the 
mammaliferous  gravel  at  Peppering,  80  feet 
ahove  the  present  level  of  the  Arun,  have  already 
heen  sufficiently  noticed  *• 

At  Greatham,  on  the  left  bank  of  the  Arun, 
the  gravels  differ  chiefly  from  those  just  described 
in  containing  very  much  less  chert.  Chert,  in 
fact,  as  a  prominent  constituent  of  the  gravel, 
w  confined  to  the  right  bank  of  the  river,  which  is 
in  striking  harmony  with  the  difference  in  com- 
position and  texture  of  the  Greensand  beds  lying 
to  the  west  of  the  river,  where  a  brittle  and 
cherty  stone  succeeds  to  the  compact  argillaceous 
stone  of  Pulboroughf. 

Gravel  extends  all  along  the  left  bank  of  the 
Amn  from  Greatham  through  Rackham  to  Wig- 
gouholt  and  Wickfleld  Bridge,  where  two  small 
tributary  streams,  the  Chilt  and  the  Stor,  join 
the  main  river.  Near  Wiggonholt  Common,  on 
the  very  edge  of  the  alluvium  of  the  Amn,  some 
pits  show  the  following  section : — 2  feet  of  white 
sand,  with  few  or  no  flints,  resting  on  a  narrow 
band,  6  inches  in  width,  of  dark  sand.  Below 
this  are  4  feet  of  sandy  gravel,  with  small  an- 
gular flints  and  lai^e  lumps  of  ironstone.  On 
the  summit  of  Wiggonholt  Common,  at  a  height 
of  132  feet  above  the  river,  the  surface-deposit 
consists  of  a  thin  coating  of  angular  flints,  with 
a  little  ironstone,  but  no  chert  fragments.  Traces 
of  rude  stratification  are  seen  in  this  gravel  in 
some  of  the  sections,  and  the  level  is  nearly 
the  same  as  the  highest  gravel  of  Fittleworth 
Common,  on  the  opposite  side  of  the  river. 

The  gravels  of  the  Stor,  near  Hurston,  are  an 
instructive  example  of  the  denudation  effect/od 
by  this  small  stream  (see  fig.  3).  On  eaoh  side 
of  the  river  beds  of  gravel  occur,  extending 
above  the  50  feet  contour.  There  can  be  no 
doubt  that  these  are  old  river-gravels  of  the 
Stor.  At  lledford  sections  are  seen  showing 
about  5  feet  of  ferruginous  sandy  gravel  with 
contorted  stratification.  In  the  lower  parts  flints 
are  small  and  scarce,  and   the  sand  is  finely 


p.  67 


*  Mantell,  *  Geology  of  S.E.  England,'  p.  41. 

t  Martin,  *  Geological  Memoir  on  part  of  W.  Sussex. 


Digitized  by  LjOOQ IC 


THS  BOUTHSBH  POBTIOH  OF  THE  WBALDSN  ABEA.  641 

laminated.  On  Huiston  Warren  the  same  gravel  is  seen  in  frequent 
sections,  covering  the  small  plateau  between  the  two  streams  to  a 
height  of  50  feet.  These  gravels  contain  angular  and  subangular 
flints  and  ironstone,  but  no  chert.  It  is  in  these  valley-  and  terrace- 
gravels  that  mammalian  remains  have  been  found  in  several  localities, 
as  at  Burton  Park,  Eittleworth,  Wiggonholt,  and  Peppering ;  and 
Murchison  states  th&t  these  remains  only  occur  where  the  drift  is 
protected  firom  percolation  by  a  capping  of  loam  or  day. 

But  in  addition  to  these  gravels  of  undoubted  river-origin,  there 
are  other  deposits  which  do  not  appear  directly  connected  with  the 
present  river-system.  From  Petersfield  to  West  Heath,  and  thence 
to  Rogate,  Trotton,  and  Midhurst  Commons,  extensive  beds  of  angu- 
lar flint-drift,  often  mingled  with  ironstone  fragments  and  chert, 
rise  in  places  to  500  feet  above  sea-level  and  300  feet  above  the 
present  drainage-level.  West  of  the  Arun  these  beds  of  angular 
drift  are  most  abundant  between  the  Rother  and  the  Chalk  escarp- 
ment, but  they  do  not  usually  occur  either  on  the  Upper  Greensand 
or  Gkkult.  The  higher  grounds,  also,  near  the  summit  of  the  Lower 
Greensand  escarpment  are  quite  free  firom  flints.  Murchison  has 
described  these  beds  so  fully  that  nothing  need  be  added  here  con- 
cerning them*.  East  of  the  Arun,  however,  upon  or  near  the 
watershed  between  the  Arun  and  Adur  rivers,  similar  beds  occur, 
and  these  will  now  be  described  in  detail. 

Near  Storrington,  on  approaching  the  summit  of  the  hOl  known 
as  SuUington  Common,  angular  flinta  become  plentiful,  and  several 
small  pits  have  been  opened  in  a  true  gravel-deposit  of  variable 
thickness,  and  extending  in  patches  as  far  as  Clayton  on  the  west 
and  Wantley  on  the  north.     The  deposit  is  thickest  on  the  highest 

Fig.  4. — Section  on  SuUington  Common, 


«*).  Black  sand,  with  bleached  flints. 
2.  Sand,  with  a  few  flints. 
^  1.  Angular  gravel. 

contours  of  the  Lower  Greensand,  which  reach  the  height  of  more 
than  200  feet  in  this  district.  A  pit  near  the  Washington  road  shows 
from  1  to  5  feet  of  sandy  gravel,  the  upper  part  bleached,  the  lower 
part  ferruginous.  The  flints  vary  from  a  diameter  of  four  inches  to 
the  smallest  fragments,  some  of  which  are  so  angular  and  fresh  that 
their  edges  cut  like  a  knife.  Ironstone  occurs  sparingly,  but  chert 
is  apparently  absent ;  below  the  gravel  is  found  sand,  with  a  few 
flints  here  and  there.     Scarcely  any  traces  of  stratification  can  be 

*  Quart  Joum.  Geol.  Soc.  vol.  vii  p.  349. 


Digitized  by  LjOOQ IC 


642  KB.  J.  Y.  IBUSDBX  OH  THl  BVPKBFICIAL  OBOLOeT  OF 

detected  in  this  seodon,  and,  after  a  long  and  careful  search  by  Mr. 
P.  E.  Head  and  myself,  no  traces  of  any  flint  implements  were  dis- 
ooyered.  In  1881  a  pit  was  opened  near  the  windmill,  in  which,  as 
on  Fittleworth  Common  and  elsewhere,  the  deposit  oonsists  of  two 
distinct  parts,  angolar  gravel  and  an  irregular  bed  of  sand  contain- 
ing few  flints  (see  dia^am,  fig.  4).  Obviously  connected  with  this 
spread  of  gravel  is  another  smaller  patch  on  Kithurst  Warren,  at  a 
height  of  150  feet  above  sea-level.  In  a  small  pit  in  the  fir  planta- 
tion contorted  stratification  is  visible,  and  the  angular  gravel  over- 
lies an  irregular  bed  of  sand  containing  only  a  few  flints,  and  resting 
upon  an  eroded  surface  of  Lower  Greensand.  The  junction  is  well 
marked  by  a  layer  of  ironstone  and  angular  flints  (see  diagram, 
flg.  5).     No  flint  implements  have  been  detected  in  these  beds, 

Fig.  5. — SecHon  at  Cootham  Firs. 


3 
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3.  Angular  gravel,  with  contorted  stratification. 
2.  Sand,  with  a  few  angular  flints. 
1.  Lower  Greensand. 

which  continue  at  intervaLs  still  further  westward,  reaching  in 
Parham  Park  an  elevation  of  200  feet.  Although  this  last  locality 
IB  within  a  mile  of  the  alluvium  of  the  Arun,  it  does  not  seem 
probable  that  these  accumulations  of  flint-drift  have  any  connexion 
with  the  lower  river-gravels  of  Wiggonholt  and  Greatham,  beyond 
furnishing  some  of  the  materials  of  which  the  latter  are  composed. 

Gk)ing  eastward  from  Sullington  Common  towards  the  water- 
shed ai^ular  flints  abound  everywhere,  and  sections  of  thin  gravel 
are  plentiful  above  the  200  feet  contour.  This  gravel  rises  to  an 
altitude  of  300  feet  at  Longbury  Hill,  where  it  is  seen  much  mixed 
with  large  masses  of  ironstone.  The  best  section  in  thb  patch  of 
gravel  is  on  the  roadside  at  Gravel-pit  Plantation,  where  5  feet  of 
ferruginous  sandy  gravel  are  exposed.  Here  there  are  very  decided 
traces  of  stratification,  often  slightly  contorted.  Seams  of  clayey  sand 
are  intercalated  with  the  gravel,  and  the  base,  consisting  of  sand 
with  only  a  few  flints,  rests  upon  an  eroded  surface  of  Lower  Green- 
sand  (flg.  6).  This  gravel  lies  exactly  upon  the  watershed  between 
the  Arun  and  the  Adur  (see  flg.  11,  p.  656).  Continuing  along  the 
road  from  Washington  to  Steyning  the  ground  again  rises  above  the 
200  feet  contour  near  Lower  Chancton  Farm,  and  here  again  there 
are  small  sections  showing  a  thin  coating  of  gravel  of  the  same 
nature  as  that  of  Longbury  Hill.  This  patch  of  flint-drifb  appears 
to  extend  past  Buncton  to  Guess's  Farm,  but  disappears  on  descend- 
ing below  the  100  feet  level  on  the  north.    A  striking  feature  of  this 
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deposit  Ib  its  extensioii  in  a  thin  band  from  Lower  Ghaucton  Farm 
past  New  Common  copse  to  Look's  Farm,  right  at  the  base  of 
Ghanctonbury  F^l^,  thus  forming  a  remarkable  exception  to  the 

Fig.  6. — Section  on  Longbury  Hill. 


a 

1 

3.  Angular  eraTel,  with  seams  of  clayey  sand. 
2.  Sand,  with  a  few  angular  flints. 
1.  Lower  Greensand. 

almost  total  absence  of  broken  flints  from  the  Ganlt  and  Upper 
Greensand  of  the  rest  of  the  Arun  basin  *. 

The  Adur  Basin, — Leaving  the  watershed  at  Longbnry  Hill,  the 
ground  rises  between  Ashington  and  West  Grinstead  in  a  long  ridge 
to  a  height  of  nearly  150  feet  at  Hooklands  and  180  feet  at  Windoave's 
Farm.  Thence  there  is  a  gradual  fall  to  the  level  of  the  river  at 
West  Grinstead.  The  whole  of  this  ridge,  consisting  of  Weald-clay, 
is  covered  thickly  with  whole  and  broken  flints,  intermingled  with 
a  few  small  fragments  of  ironstone.  The  boundaries  of  this  bed  of 
drift  are  very  clearly  defined  on  the  north-west  by  the  small  stream 
running  past  Benton's  Place  and  New  Bam,  and  on  the  south-east 
by  a  line  running  from  Hook  Farm  to  OothaU's  Farm.  This  ridge 
is  separated  by  a  deep  valley  from  the  high  ground  at  Ashurst, 
which  reaches  an  elevation  of  83  feet  near  Pepper's  Farm.  Here 
also  a  coating  of  angular  flints  is  seen  upon  the  surface  of  the 
Weald  Clay  and  Lower  Greensand,  and  several  small  sections  occur, 
showing  1-2  feet  of  gravel.  The  flints  are  occasionally  cemented 
into  a  dark  ferruginous  breccia.  As  at  West  Grinstead,  the  drift 
extends  right  down  to  the  margin  of  the  river.  The  banks  also  of 
the  small  stream  running  past  Honey  Bridge  have  a  narrow  fringe 
of  gravel,  extending  in  places  up  to  the  50  feet  contour.  Following 
up  the  course  of  the  Adur  towards  its  source  flints  occur  again 
to  a  slight  extent  near  Shipley,  but  after  passing  Coolham  their 
occurrence  is  extremely  rare. 

Undoubted  river-gravels  of  the  Adur  occur  at  several  places  on 
the  right  bank  of  the  river  between  Bineham  Bridge  and  Bramber. 
At  Heath  Barn,  near  Horsebridge  Common,  they  cover  the  50  feet 
contour,  but  around  Wickham  Farm  they  reach  the  height  of  95  feet. 
A  thick  coating  of  flints  is  seen  again  on  the  opposite  side  of  the 
river  at  Streatham,  but  at  no  great  height  above  the  stream.  Nearer 
Steyning  the  railway-cutting  exposes  about  3  feet  of  gravel  at  a 

*  This  does  not  apply  to  the  Ghiult  near  the  banks  of  the  Aran,  which,  at 
Wifiigonholt,  Hardham,  and  Timberley,  is  oorered  with  riyer-grayeli  as  preri- 
oiuly  described. 
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height  of  30  feet  above  the  river,  with  angular  and  suhangolar  flints 
and  very  imperfect  traces  of  stratification ;  and  again  sout^  of 
Steyning  railway-station  the  50  feet  contour  is  covered  with  a  similar 
deposit.  These  gravels  contain  chiefly  flints,  Wealden  sandstone, 
and  a  little  ironstone,  and  difler  totally  in  composition  from  the 
gravek  in  a  similar  position  with  respect  to  the  Arnn  valley. 

Crossing  to  the  eastern  side  of  the  Adur  valley,  a  long  narrow 
ridge  of  gravel  and  flinty  loam  is  found  extending  from  tibe  river- 
side at  Catsfold,  past  Henfleld  to  Bilsboroagh  and  Blackstone  Farms. 
The  flints  are  thickest  above  the  50  feet  contour,  and  small  sections  of 
gravel  are  to  be  seen  at  Henfleld  in  the  pond  at  Henfleld  Place,  and 
also  near  Parsonage  Farm.  The  highest  points  reached  by  this  drift 
are  103  feet  at  Fumer's  Farm  and  100  feet  at  Wantley  Farm,  thus 
nearly  corresponding  with  the  highest  gravel  on  the  opposite  side 
of  the  river  at  Ashurst  (see  section,  flg.  13,  p.  656).  The  influence  of 
drift  loams  on  the  stiff  soil  of  the  Weald-clay  is  well  seen  at  Park 
Farm,  where  the  fields  on  the  southern  bank  of  the  stream  have  a 
light,  friable  soil,  contrasting  strongly  with  the  bare  Weald-day  on 
the  northern  bank.  Smaller  patches  of  flinty  loam  occur  at  Sibb's 
Farm  and  also  at  Chates,  where  it  is  strongest  on  the  isolated  50  feet 
contour.  The  long  ridge  of  detritus  just  mentioned  borders  and 
faces  the  stream  running  due  west  from  Hurstpierpoint.  To  the 
south  of  a  line  drawn  from  Henfleld  to  Blackstone  between  these 
points  and  the  chalk  escarpment  scarcely  a  flint  is  to  be  met  with, 
although  a  good  deal  of  the  ground  lies  above  the  100  feet  contour. 

Going  eastward  from  Blackstone  the  ground  rises  considerably, 
and  between  Alboume  and  Hurstpierpoint  we  approach  the  sources 
of  the  small  tributary  streams  which  drain  into  Outler  Brook  from 
the  south.  These  streams  have  cut  small  valleys  into  a  plateau 
covered  with  angular  flint  drift.  This  is  especially  well  seen  at 
Albourne  Place,  where  the  flints  are  most  numerous  on  the  highest 
level,  136  feet  above  the  sea ;  and  again  at  Sandpit  Cottage,  Calves 
Wood,  and  thence  to  Danny  Park  and  Hurstpierpoint,  where  sections 
of  gravel  may  be  seen  above  the  200  feet  contour  at  Totfs  Farm  (see 
section,  ^.  12,  p.  656).  Throughout  the  whole  of  this  district  the 
tops  of  the  plateau  are  drift-covered  and  the  valleys  almost  com- 
pletely free.  This  spread  of  drift  can  be  traced  along  New  Lane 
to  Stonecroft  Copse  and  thence  to  Ockenden's  Wood,  intruding  into 
the  Upper  Qreensand  almost  to  the  very  foot  of  the  cbalk  escarpment 
Around  Clayton  the  drift  is  absent,  but  a  small  patch  of  flint-covered 
soil  is  again  seen  on  the  new  road,  near  the  Halfway-house,  resting 
upon  the  Upper  Greensand.  These  spreads  of  angular  flints  can 
scarcely  be  referred  to  the  existing  streams,  since  they  occupy  the 
highest  contours,  and  are  very  near  the  main  watershed. 

From  this  plateau-drift,  however,  true  river-gravel  and  flinty 
loam  have  been  formed  on  the  left  bank  of  the  stream  which  flows 
from  Hassock's  Gate  to  Danworth  Farm  and  Hickstead.  Near 
Hickstead  Bridge  the  Weald-clay  is  covered  with  a  thick  deposit  of 
angular  flints,  which  are  almost  entirelv  absent  on  the  right  bank, 
thus  proving  their  derivation  from  the  higher  grounds  around  Hurst- 
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pierpoint.  All  these  gravels  agree  in  contaimng  both  angular  and 
Bnbangnlar  flints,  very  little  ironstone,  and  no  chert  or  Wealden 
sandstone. 

We  now  come  to  the  line  of  watershed  between  the  Adur  and  the 
Ouse,  the  elevated  ridge  running  through  Ditchling  to  Burgess  Hill. 
At  the  village  of  Eeymer,  half  a  mile  from  Ditchling,  small  traces  of 
flint-drift  are  to  be  seen  near  the  Post  Office ;  but  on  ascending  to 
the  summit  of  the  water-parting  at  Lodge  HUl,  278  feet  above  sea- 
level,  the  fields  are  again  strewn  with  an  abundance  of  flints,  which 
become  thickest  near  Oldland  Windmill.  This  bed  of  gravel  is 
entirely  confined  to  the  summit  of  the  watershed,  and  disappears 
abruptly  on  descending  below  the  200  feet  contour  in  any  direction. 
Following  the  line  of  watershed  from  Ditchling  to  Burgess  Hill  the 
surface  is  at  first  depressed,  and  there  is  no  sign  of  any  drift ;  but 
the  moment  we  ascend  the  higher  ground  at  Burgess  Hill  small 
sections  of  gravel,  from  1  to  3  feet  in  thickness,  again  appear  at  about 
200  feet  elevation.  The  flints  liere  are  as  angular  as  any  observed 
elsewhere,  and  they  rest  upon  the  Weald-clay.  On  the  hill  at 
Inholmes  Farm  the  clay  has  been  extensively  worked  for  bricks  and 
pottery,  and  on  closely  examining  the  sections  numerous  pockets  of 
gravel  are  seen,  sometimes  dipping  from  2  to  3  feet  into  the  clay  and 
then  again  thinning  out  and  perhaps  entirely  disappearing.  The 
flints  are  very  angular,  no  traces  of  stratiflcation  are  here  visible, 
and  there  is  very  little  admixture  of  ironstone.  The  general 
appearance  of  these  remnants  of  angular  gravel  is  [represented  in 
the  diagram  (fig.  7).    Again,  at  Oathill  Farm  the  fields  are  thickly 

Fig.  7. — Section  at  Iviholmea  Farm, 


\.  Weald  clay.  2.  GnreL 

strewn  with  angular  flints  to  a  height  of  181  feet  above  the  sea-level, 
or  80  feet  above  the  level  of  the  river.  From  this  point  the  gravel 
descends  to  the  river,  and  forms  a  well-marked  bed  along  its  left 
bank,  the  right  bank  at  Wivelsfield  and  Lunceshill  being  quite 
free  from  any  detritus,  nor  was  any  trace  of  this  gravel  found  in 
the  lower  grounds  lying  to  the  west  of  the  line  of  railway.  An 
interesting  feature  of  this  gravel  at  Oathill  is  that  it  rests  partly 
upon  the  Hastings  beds,  and,  unlike  the  gravel  at  Amy's  Mill,  near 
Horsham,  previously  described,  it  consists  almost  entirely  of  angular 
flints,  with  only  a  very  small  admixture  of  Wealden  fragments. 

Crossing  now  the  valley  between  Burgess  Hill  and  Ditchling 
Common,  the  gravel  reappears  at  the  latter  place  on  reaching  an 
altitude  of  from  170  to  200  feet,  and  at  Ditchling  Potteries  several 
sections  are  visible,  showing  from  1  to  5  feet  of  angular  flint-gravel 
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resting  npon  Weald-daj.  In  some  cases  faint  signs  of  stratificalion 
are  visible,  and  there  are  intercalated  seams  of  clay.  Many  of 
the  larger  stones  have  their  axes  horizontal,  and,  as  at  Inholmes 
Farm,  the  gravel  penetrates  eroded  hollows  in  the  Weald-day 
beneath.  The  angular  flints  continue  to  occur  in  patches  wherever 
the  ground  rises  above  the  200  feet  contour,  and  thick  coatings 
may  be  seen  covering  the  fields  near  Middleton  Common  Farm, 
and  again  in  parts  of  Blackbrook  Wood;  but  the  drift  suddenly 
disappears  on  descending  to  the  lower  levels  north  of  Flumpton 
Green. 

Thus  we  see  that  the  line  of  watershed  from  near  the  chalk 
escarpment  at  Ditchling  to  the  very  edge  of  the  central  dome  of 
Hastings  beds  still  retains,  on  its  highest  levels,  isolated  patches  of 
angular  gravel,  in  every  respect  resembling  the  watershed  gravels 
previously  described  near  Sullington  and  Heath  Common;  while 
along  the  margins  of  the  Adur  and  its  tributaries  there  occur,  in 
several  localities,  true  river-navels  at  various  heights  above  the 
present  level  of  the  water. 

The  (hue  Basin. — Descending  from  the  watershed  at  Ditchling 
Common,  a  small  belt  of  river-gravel  may  be  traced  along  the 
course  of  the  stream  which  flows  from  Blackbrook  Farm  past 
Flumpton  Eaiiway  Station.  This  stream  joins  the  Ouse  at  Bar- 
combe  Mill,  near  which  gravels  occur  in  several  localities.  One 
patch  occupies  the  50  feet  contour  at  Crink  Hill,  and  ascends  at  Bar- 
combe  Cross  to  an  altitude  of  100  feet  above  sea-level,  or  nearly  70 
feet  above  the  present  level  of  the  Ouse.  This  gravel  contains  flints, 
Wealden-sandstone  and  Lower-Greensand  debris,  and  rests  upon 
Weald-day.  It  is  separated  by  a  small  valley  from  another  similar 
patch  at  Barcombe  vUlage,  where  it  occurs  at  a  height  of  120  feet, 
near  the  windmill,  while  a  third  patch  is  seen  at  Banks  Farm,  on 
the  north  of  the  stream  which  runs  from  Flumpton.  About  a  mile 
north  of  Cooksbridge  the  ground  rises  considerably,  and  near  Folly 
Farm  the  200  feet  oootour  is  reached.  Here  angular  flints  again 
become  numerous ;  but  it  does  not  seem  probable  that  these  have 
any  connexion  with  the  present  drainage-channels,  since  they 
occur  at  some  distance  from  any  existing  stream,  and  are  consider- 
ably higher  than  the  gravels  at  Barcombe.  In  level  they  agree 
with  the  watershed  gravels  at  Ditchling  previously  described,  and 
they  may  possibly  be  the  last  remnants  of  a  plateau-drift. 

Continuing  along  the  margin  of  the  Ouse,  gravel  with  many  angu- 
lar flints  occurs  again  at  North  End,  near  Hamsey,  where  it  attains 
an  elevation  of  about  60  feet  above  the  sea-levd,  and  near  Welling- 
ham,  on  the  opposite  side  of  the  river,  other  small  patches  occur  at 
nearly  the  same  altitude.  These  are  about  50  feet  above  the  level 
of  the  river,  and  are  evidently  old  river-gravels  of  the  Ouse.  At 
about  the  same  level  we  And  gravel  at  Mailing  House,  near  Lewes, 
and  again  on  the  opposite  bank  of  the  river  in  a  well-defined 
terrace  between  the  50  and  100  feet  contours.  A  good  section  of 
this  gravel  is  seen  in  the  railway-cutting  near  St.  John's  Farm. 
The  flints  are  very  angular,  but  there  are  some  Tertiary  pebbles. 
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Althongh  this  is  nndoubtedly  a  terrace-gravel,  scarcely  any  signs  of 
stratification  are  visible  in  this  section.  South  of  Lewes  gravel 
occurs  on  the  snmmitB  of  the  two  low  hills,  called  respectively 
Upper  and  Lower  Rise,  at  an  elevation  of  nearly  60  feet  above  the 
level  of  the  alluvium.  Besides  flints,  some  Tertiary  and  Wealden 
pebbles  occur  here.  The  whole  of  the  slope  bordering  the  alluvium 
between  Kingston  and  Eodmell  is  covered  with  angular  drift  up  to 
the  100  feet  contour,  making  a  well-defined  terrace-gravel.  At  Rod- 
mell  windmill  there  is  an  interesting  section  of  this  gravel  resting 
upon  the  Lower  Chalk,  into  which  it  penetrates  in  deep  pipes,  5  or 
6  feet  deep.  The  gravel  here  consists  of  angular  and  subangular 
flints,  apparently  less  angular  than  the  watershed-gravels,  with  a 
lot  of  small  Wealden  pebbles,  disseminated  through  a  clayey  loam. 
The  pipes  have  a  well-deflned  coating  of  clay,  with  only  a  few 
flints,  between  the  gravel  and  the  chalk,  a  phenomenon  which  has 
previously  been  noticed  in  connexion  with  gravel-pipes  in  calcareous 
rocks  *. 

Grossing  now  to  the  eastern  bank  of  the  Ouse,  from  Beddingham 
to  West  Pirle,  and  thence  to  the  railway  at  Burgh  Bridge,  a  good 
many  flints  are  scattered  over  the  surface  in  a  thin  band  parallel  to 
Glynde  Beach,  and  occupying  generally  the  50  feet  contour ;  but  no 
sections  were  noticed  showing  any  depth  of  gravel.  Between  West 
Firle  and  Selmeston  also  the  fields  usually  have  a  plentiful  coating 
of  angular  flints,  especially  near  Bipe  Grossing  and  Sherrington. 

So  far  as  the  river-gravels  are  concerned,  the  Ouse  north  of 
Barcombe  has  very  few  patches  of  any  importance,  although  small 
deposits  occur  at  Isfleld,  Little  Horsted,  Buckham  Hill,  and  Buxted 
Park,  while  loams  and  brickearth  occur  near  Sheffield  Bridge  and 
Lindfield.  On  entering  the  Hastings-beds  country  flints  no  longer 
occur  either  on  the  surface  or  in  the  river-gravels. 

The  watershed  between  the  Ouse  and  Guckmere  passes  through 
Selmeston,  and  on  approaching  the  higher  ground  near  this  place 

Fig.  8. — Section  at  Selmeston  Church. 


1.  LoTrer  Greensand.  2.  Gravel. 

flints  become  more  abundant,  until  near  Selmeston  church  a  good 
section  is  seen  showing  7  or  8  feet  of  angular  gravel  resting  upon  an 
eroded  surface  of  Lower  Greensand.     The  flints  here  are  very 

*  PreBtwicb,  Quart.  Journ.  Geol.  fioc.  voLxi.p.  79 :  and  Foeter  and  Topley, 
"  Superficial  Geology  of  the  Medway,"  Quart.  Joura.  Geol.  Boo.  vol.  xxi.  p.  466.- 
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angular,  and  there  is  but  little  admixture  of  ironstone.  No  trace 
of  stratification  is  to  be  noticed,  and  the  gravel  sometimes  makes 
huge  pockets  in  the  Greensand  below  (see  diagram,  fig.  8).  It  is 
interesting  to  find  this  bed  of  gravel  rigidly  confined  to  the  100  feet 
contour,  which  extends  from  Selmeston  to  Berwick  Station,  where 
sections  are  again  visible  in  the  railway-cutting.  On  descending 
this  ridge  and  ascending  again  to  a  similar  level  on  the  isolated  hill 
at  Mayo  the  flint-drift  reappears,  capping  the  hill,  but  not  a  trace 
is  to  be  seen  in  the  lower  grounds  to  the  north  around  Ripe  and 
Laughton.  Approaching  the  Guckmere  river  there  is  only  one 
locality  in  which  the  100  feet  contour  is  reached,  and  this  on  a  small 
hill  immediately  overlooking  the  river,  about  half  a  mile  south- 
west of  Bessingham.  The  altitude  here  is  110  feet,  or  nearly 
90  feet  above  tibe  level  of  the  river,  and  this  hill  is  again  capped 
with  angular  flint-gravel.  This  is  so  evidently  an  outlying  patch 
of  the  gravel  at  Selmeston  and  Berwick  Station  that  it  is  noticed 
here,  tdthough  the  locality  is  well  within  the  Guckmere  basin. 
The  Selmeston  gravel  extends  southwards  as  far  as  Berwick  church, 
overlapping  the  Ghkult  and  part  of  the  Upper  Greensand. 

Thus  in  the  Ouse  basin  we  And  an  exact  repetition  of  the 
phenomena  observed  in  the  basins  of  the  Arun  and  Adur,  viz.,  well- 
defined  river-gravels  bordering  the  streams  at  various  altitudes,  and 
traces  on  the  watersheds  of  an  old  plateau-drift  which  furnished 
part  of  the  materials  for  the  giavels  of  the  lower  levels. 

The  Cuehnere  Basin, — ^The  gravels  which  have  just  been 
described  as  occupying  heights  of  100  feet  or  more  above  the 
sea-level  at  Berwick  Station  are  intimately  connected  with  other 
beds  at  a  lower  level,  which  seem  to  be  of  undoubted  river-origin. 
The  reason  for  the  close  proximity  of  these  gravels  is  to  be  found  in 
the  narrowness  of  the  Guckmere  valley  and  the  small  distance 
intervening  between  the  river  and  its  watershed.  The  lower  gravel 
is  to  be  seen  on  descending  the  hill  at  Berwick  church,  towards 
Lower  Berwick.  From  this  point  it  extends  past  Winton  to 
Alfriston  in  a  narrow  band,  fringing  the  river  at  between  25  and 
30  feet  above  its  present  level.  On  the  opposite  side  of  the  river,  at 
Milton  Gourt,  it  occurs  again,  and  several  patches  of  angular  flints 
are  to  be  found  higher  up  the  river,  as  at  Highfleld  Bank  and 
Milton  Bam.  Near  Milton  Grossing  a  good  section  of  this  lower 
gravel  is  to  be  seen  in  a  cutting  south  of  the  railway,  where  3  or 
4  feet  of  loam  and  gravel,  full  of  angular  flints  of  all  sizes,  rest  upon 
an  uneven  surface  of  Lower  Greensand*  There  are  here  distinct 
traces  of  stratification,  although  the  fiints  are  very  angular.  This 
bed  of  gravel  covers  the  60  feet  contour  dose  to  the  river.  Similar 
gravel  occurs  at  the  same  elevation  on  the  opposite  side  of  the  river, 
and  again  near  Ghilver  Bridge,  where  the  whole  of  the  50  feet  level 
is  thickly  covered  with  angular  flints. 

Between  this  point  and  Michelham  the  banks  of  the  river  consist 
of  low  mounds  of  loam,  with  many  very  small  Wealden  fragments 
and  a  few  flints ;  but  at  Michelham  Priory  there  is  a  small  bed  of 
river-gravel,  chiefly  composed    of   waterwom    Wealden    pebbles 
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together  with  a  few  angular  flints,  but  at  no  great  elevation  above 
the  river. 

Approaching  the  eastern  watershed  of  the  Cuckmere,  traces  of  old 
fliutHJovered  surfaces  again  become  visible  on  the  highest  contours. 
Thus,  in  Abbot's  Wood,  near  the  Royal  Oak  public-house,  indica- 
tions of  a  thin  coating  of  angular  flints  occur  at  an  elevation  of 
134  feet  above  sea-level,  and  again  at  New  House  at  a  height  of 
136  feet.  A  striking  example  of  the  occurrence  of  this  fiint-drifb  on 
the  highest  levels  only  is  to  be  seen  in  a  field  near  Eastland 
Coppice,  where  the  highest  level  in  the  neighbourhood  is  reached  at 
an  sJtitude  of  152  feet.  Here  there  is  an  abundance  of  angular  flints, 
with  some  Tertiarj'  pebbles ;  but  no  sections  occur  to  show  any 
depth  of  gravel.  Although  these  gravels  appear  to  be  very  thin  and 
in  fragmentary  patches  only,  it  is  interesting  to  note  even  the 
smallest  traces  of  flint-drift  on  the  watershed  of  this  the  last  and 
smallest  of  the  rivers  in  the  area  under  discussion. 

Of  the  deposits  of  the  Ashbum  valley  there  is  nothing  to  add  to 
what  has  already  been  described  by  Sir  R.  Murchison  *  and  Dr. 
Mantellf.  The  superficial  deposits  are  chiefly  loams,  from  which  at 
Eastbourne  many  bones  of  fossil  Mammalia  have  been  obtained. 

Svhaerial  Deposits, — Besides  the  above-mentioned  accumulations 
of  angular  flint-drift,  the  surface  of  the  Lower  Greensand  in  many 
localities  has  a  few  feet  of  sandy  or  loamy  deposit  containing  large 
angular  fragments  of  ironstone  and  generally  small  angular  flints 
sparingly  disseminated  throughout  the  mass.  In  the  majority  of 
case's  where  this  deposit  is  present  the  surface  of  the  rock  below  is 
greatly  eroded,  and  ironstone  is  not  present.  From  the  constant 
manner  in  which  these  deposits  confine  themselves  to  the  outcrop  of 
the  Sandgate  beds,  there  can  be  little  doubt  that  they  are  merely 
superficial  accumulations. 

Occasional  fiints,  as  well  as  Lower-Greensand  ironstone,  are 
scattered  over  the  surface  of  the  Weald-clay  to  the  very  margin  of 
the  central  dome.  Tertiary  pebbles  also  are  frequently  to  be  met 
with.  These  doubtless  represent  the  remains  of  the  strata  which 
formerly  covered  the  Weald-day  area.  Flints,  however,  are  much 
less  frequently  met  with  on  the  Weald-clay  of  the  Arun  valley  than 
in  the  case  of  the  Adur  and  the  Ouse. 

Erratic  Blocks. — Not  a  single  instance  has  been  noticed  of  the 
occurrence  of  foreign  boulders  upon  the  surface  of  the  Wealden 
▼alley  itself,  but  I  procured  a  moderately  large  granite  boulder  from 
the  summit  of  the  Chalk  escarpment.  The  boulder  lay  amongst  a 
thick  coating  of  flints  on  some  ploughed  land  at  Kithurst,  close  to 
the  edge  of  the  escarpment,  and  exactly  upon  the  600  feet  contour  of 
Eithurst  Hill.  The  occurrence  of  this  boulder  is  so  remarkable 
that  it  merits  a  more  detailed  description.  The  mass  weighed 
between  5  and  6  lbs.,  and  had  an  irregular  shape,  with  a  rough 
surface  destitute  of  any  signs  of  scratching  or  polishing  by  ice- 
action.     When  broken  it  exhibits  the  structure  of  a  moderately 

♦  Quart.  Journ.  Geol.  Soc.  vol.  vii.  p.  355. 
t  'Geology  of  S.E.  England,'  p.  43. 
Q.J.G.S.  No.  172.  2r 
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coarse^ained  granite,  with  an  abundance  of  pink  and  white 
felspar,  and  small  grains  of  quartz.  Black  mica  is  also  present. 
Although  the  rock  is  much  decomposed,  I  prepared  a  thin  slice  for 
microscopic  examination.  In  this  the  felspar  is  seen  to  predomi- 
nate largely  and  is  almost  wholly  kaolinized,  scarcely  any  of  it 
retaining  the  depolarizing  power.  Iron  stains  are  common  along 
the  edges  and  cleavage -planes  of  the  crystals.  The  quartz  is  in 
irregular  grains,  and  sometimes  discoloured  by  decomposition-pro- 
ducts :  the  grains  are  generally  cloudy,  owing  to  the  presence  of 
iuDumerable  minute  fluid-  or  gas-cavities.  The  mica  is  biotite,  very 
dark  and  strongly  dichroic.  Hornblende  does  not  appear  to  occur, 
but  some  opaque  patches  of  magnetite  are  to  be  seen.  The  section 
bears  a  strong  resemblance  to  a  specimen  of  Peterhead  granite  in 
my  cabinet. 

Until  the  conveyance  of  this  boulder  to  its  position  on  the  Chalk 
escarpment  by  natural  transport  is  confirmed  by  the  discovery  of 
other  blocks,  it  will  be  better  not  to  venture  upon  any  theory  as  to 
its  origin,  especially  as  the  presence  of  erratics  in  such  a  position 
would  necessitate  a  modification  of  accepted  views  respecting  the 
physical  condition  of  the  south  of  England  during  the  Glacial 
epoch. 

QeneraL  Conclusions, — Although  it  is  clear  in  many  cases  that  the 
gravels  just  described  bear  a  close  relation  to  the  present  drainage- 
channels,  and  old  river-beds  are  easily  to  be  recognized  at  various 
elevations  above  the  present  water-level,  yet  there  are  many 
difficulties  to  be  encountered  when  it  is  endeavoured  to  explain  the 
origin  of  the  beds  of  angular  drift  which  lie  either  upon  the  main 
watersheds  or  upon  the  higher  contours  far  removed  from  existing 
rivers.  Hir  B.  Murchison  maintained  that  all  the  beds  of  angular 
drift  within  the  Wealden  area,  irrespective  alike  of  their  position 
with  regard  to  the  river-valleys,  their  composition,  or  the  evident 
traces  of  stratification  which  many  of  them  reveal,  are  '*  the  resulta 
of  an  agency  of  vast  intensity,''  of  a  former  powerful  but  transient 
current,  which  ^<  denuded  the  surface  of  the  bare  rooks  in  many 
parts,  and  at  the  same  time  distributed  broken  materials  along  a 
zone  of  limited  width,''  especially  where  the  higher  ridges  arrested 
the  progress  of  the  current  *.  In  support  of  this  theory  he  dwells 
particularly  upon  the  want  of  stratification  in  the  drifts  of  this 
area,  and  also  upon  the  fact  that  in  the  more  eastern  portions  the 
stones  are  more  water  worn,  and  finally  give  place  to  beds  of  loam 
without  any  admixture  of  flints.  Mr.  Martin  supported  this  view 
with  the  statement  that  the  Weald  valley  looks  like  a  great  water- 
channel  after  a  flood — some  parts  being  clean  denuded,  others  loaded 
with  drift  t.  Prof.  Prestwich  in  1861  agreed  with  Murchison  in 
advocating  the  sudden,  tumultuous  and  rapid  accumulation  of  the 
angular  drift,  and  Mr.  Hopkins,  in  1852,  expressed  similar  views  t- 

*  Quart.  Joum.  Qeol.  Soc.  vol.  vii.  p.  349. 

t  '  Geol.  Mem.  of  Part  of  W.  Sussex/  p.  84 ;  and  *  Phil.  Mag.'  ser,  4,  vol  vii. 
p.  116. 

}  Quart.  Joum.  Geol.  Soc.  yol.  tiii.  p.  xliv.  ' 
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A  general  review  of  the  evidence  in  favour  of  this  view  has  been 
80  recently  given  by  Mr.  Ho  worth*  that  it  only  remains  here  to 
examine  how  far  the  theory  of  a  sudden  flood  will  explain  the  facts 
described  in  this  paper. 

In  the  first  place,  it  becomes  evident  to  anyone  who  carefully 
examines  these  beds  of  drift  that,  instead  of  having  been  formed 
after  the  present  configuration  of  the  land  had  been  established,  and 
having  been  arrested  here  and  there  from  some  rapid  current,  all 
the  evidence  points  to  an  interruption  in  the  continuity  of  the  beds 
by  the  subsequent  lowering  of  the  valleys  by  denudation.  The 
accompanying  sections,  drawn  across  the  river-valleys,  point  to  the 
existence  of  an  ancient  drift-covered  plateau  lying  between  the  base 
of  the  Chalk  escarpment  and  the  margin  of  the  central  dome  (see 
figs.  10-12).  Denudation  has  destroyed  almost  every  trace  of  this  old 
plateau,  except  on  the  higher  groundJs,  near  the  watersheds,  and  even 
here  the  remnants  of  the  drift  are  thin  and  fragmentary,  and  are  cut 
through  by  the  smallest  depressions.  This  is  especially  noticeable 
aroimd  Hurstpierpoint,  Ditchling,  Burgess  Hill,  and  Berwick.  In 
fact  wherever  the  smallest  trace  of  the  plateau-drift  has  been  pre- 
served it  is  invariably  confined  to  the  highest  contours,  and  ends 
abruptly  on  passing  a  certain  level.  Prom  this  ancient  plateau  the 
flint-drift  trails  out  in  the  direction  of  the  streams,  forming  lower 
terrace-gravels  of  more  recent  origin. 

Murchison's  statement  that  the  gravels  become  more  waterwom 
in  the  eastern  portions  of  this  area  was  not  borne  out  by  my  observa- 
tions, the  gravels  at  Selmeston  and  Berwick  being  quite  as  angular 
as  any  of  the  more  western  drifts.  Moreover,  the  theory  of  a  strong 
current  setting  out  from  the  west  is  scarcely  in  harmony  with  the 
local  character  of  the  drifts  of  difierent  areas.  Thus  at  Hardham,  on 
the  right  bank  of  the  Arun  (fig.  3),  t}ie  gravels  contain  an  abundance 
of  ironstone  and  chert  from  the  Lower  Oreensand,  and  these  sub- 
stances occur  in  situ  at  no  great  distance  from  the  river.  But  on 
the  left  bank  of  the  same  river  chert  is  much  less  plentiful,  and 
becomes  quite  rare  in  the  gravels  of  the  upper  parts  of  the  eastern 
tributaries,  which  do  not  flow  through  districts  in  which  chert  is  a 
constituent  of  the  rooks.  Ironstone  also,  which  is  abundant  in  the 
gravels  of  the  Arun  and  Adur,  becomes  quite  scarce  in  the  valleys 
of  the  Ouse  and  Cuckmere,  where  the  Lower  Greensand  is  lower 
and  thinner  and  only  occasionally  contains  bands  of  ironstone. 

This  same  connexion  between  the  materials  composing  the  gravels 
and  the  composition  of  the  underlying  strata  may  also  be  noticed  in 
the  watershed  gravels.  Thus  the  drift  at  Petersfield  is  stated  by 
Murchison  to  consist  only  of  flints :  further  eastwards  it  becomes 
mixed  with  chert  and  ironstone ;  but  at  Longbury  Hill,  between  the 
Arun  and  Adur  basins,  scarcely  any  chert  is  to  be  found,  although 
an  abundance  of  ironstone  occurs  both  in  the  gravel  and  in  the 
underlying  strata.  At  Ditchling  and  Burgess  Hill  even  the  iron- 
stone is  far  less  common,  and  at  Berwick  it  becomes  quite  insignifi- 
cant. The  Arun  gravels,  again,  contain  no  considerable  quantity  of 
•  Qeol.  Mag.,  Not.  1882.  p.  609. 


Digitized  by  LjOOQ IC 


THB  SOUTHERN  POBTION  OF  TRK  WEALDBN  ABBA.  653 

flints  until  after  receiving  the  Bother  and  the  Stor,  two  trihutaries 
which  rise  near  the  Chalk  escarpment.  The  Adur,  in  hoth  its 
western  and  eastern  hranches,  has  flint-grayels  only  where  its 
trihutaries  rise  in  the  flint-covered  surfaces  near  its  watersheds. 

Any  tumultuous  easterly  current  would  certainly  have  mixed  up 
the  detritus  to  a  sufficient  ext/ont  to  have  ohliterated  any  such 
evidences  of  a  purely  local  origin.  The  theory,  therefore,  of  a 
torrential  current,  while  certainly  not  required  for  the  explanation 
of  the  lower  gravels,  is  inadequate  to  account  for  the  origin  of  even 
the  watershed-drifts. 

Let  us  now  endeavour  to  compare  the  drift-phenomena  of  Sussex 
with  those  of  neighbouring  districts.  When  we  turn  to  the 
northern  watershed  of  the  Wealden  area,  we  And  there,  as  Mr. 
Topley  has  long  ago  pointed  out,  extensive  deposits  of  gravel,  nearly 
all  of  which  can  be  referred  to  the  action  of  existing  rivers  when 
they  flowed  at  a  higher  level.  But  in  two  separate  localities  gravel 
deposits  occur,  the  origin  of  which  is  not  so  clearly  established.  One 
of  these  is  at  Limpsfield,  at  the  western  end  of  the  Darent  valley, 
where  a  coarse  angular  gravel  occurs  on  the  watershed,  500  feet  above 
sea-level.  The  other  is  at  Warren  House,  near  the  eastern  water- 
shed  of  the  Stour^  where  gravel  containing  Tertiary  pebbles  caps  a 
hill  300  feet  above  the  sea.  Of  these  two  patches  of  gravel  Mr. 
Topley  remarks  that,  under  any  theory,  they  are  difficult  to  account 
for,  and  their  origin  must  for  the  present  be  left  undecided  *.  We 
see  therefore  that  there  is  a  general  agreement  in  the  drift-deposits 
of  the  northern  and  southern  portions  of  the  Weald.  In  both  cases 
we  find  river-gravels,  and  also  gravels  on  the  watersheds,  of  which 
the  origin  cannot  be  traced  to  any  existing  streams. 

If,  now,  we  extend  our  observations  beyond  the  Wealden  area,  we 
find,  in  Hampshire  and  the  Isle  of  Wight,  gravel- deposits  which 
Mr.  Godrington  considers  to  be  of  far  greater  age  than  the  valley- 
gravels  of  the  rivers  t.  These  gravels  reach  an  elevation  of  420  feet 
in  the  New  Forest  and  390  feet  on  Headon  Hill.  Now  no  one  can 
avoid  being  struck  by  the  close  resemblance  between  the  Headon- 
Hill  gravels  and  those  of  the  Wealden  area  of  West  Sussex.  Mr. 
Topley  has  already  suggested  a  possible  connexion  between  the 
angular  gravels  of  Midhurst  and  Bogate  Commons  and  the  higher 
portion  of  the  great  Hampshire  sheet  of  gravel  in  its  easterly  ex- 
tension. Mr.  Prestwich,  again,  in  describing  the  Quaternary 
phenomena  in  the  Isle  of  Portland  and  around  Weymouth,  says : — 
"  Capping  the  high  chalk  ranges  of  Upton,  the  White  Nore,  and 
Abbotsbury,  is  a  thick  bed  of  perfectly  angular  sharp  chalk-flints  in 
a  reddish  day  reposing  on  a  deeply-indented  surface  of  chalk,  while  a 
similar  angular  drift  composed  of  fragments  and  masses  of  chert  and 

ragstone  caps  the  Upper-Greensand  hills  north  of  Abbotsbury 

I  merely  refer  to  them  as  having  been  the  storehouses  whence  much 
of  the  latter  drift-beds  have  been  supplied  "  :!^.    Devon  and  Cornwall 

*  Topley,  •  Geology  of  the  Weald/  p.  297. 
t  Quart.  Journ.  Geol.  Soc  toI.  xzxyi.  p.  649, 
i  Ibid.  Tol.  xxxi.  p.  41. 
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also  show  abundant  traces  of  plateau-gravels,  at  heights  varying 
from  300  to  1200  feet  above  sea-level.  The  mr.terials  of  these 
gravels  are  mostly  of  local  origin,  and,  while  the  slopes  of  the  hills 
are  free  from  drift,  the  valleys  have  abundant  gravel-deposits  up  to 
100  feet  above  sea-level  *. 

Now  when  we  look  for  an  explanation  of  these  phenomena, 
which  are  seen  to  be  general  over  the  whole  of  Southern  England, 
it  is  evident  that  we  must  accept  one  of  two  views.  Either  the 
higher  plateau-gravels  are  the  oldest,  and  the  lower  valley-gravels 
represent  former  river-beds,  and  are  consequently  a  measure  of  the 
denudation  which  has  been  e£Pected  since  their  deposition ;  or  all 
these  patches  of  gravel  have  been  deposited  since  the  excavation  of 
the  valleys,  their  sporadic  character  being  due  either  to  a  kind  of 
selective  deposition,  or  to  a  subsequent  process  of  selective  denuda- 
tion. The  former  theory  has  been  sufficiently  proved  by  Mr. 
Topley  to  hold  good  for  the  gravels  of  the  northern  portion  of  the 
Wealden  area,  and  the  phenomena  described  in  this  paper  respect- 
ing the  southern  portion  tend  to  a  similar  conclusion. 

The  chief  advocate  of  the  marine  theory  is  Mr.  Searles  V.  Wood, 
who,  in  an  elaborate  contribution  to  this  subject  as  late  as  1882 1, 
discredits  the  view  that  there  has  been  any  considerable  excavation 
of  the  Wealden  valleys  since  the  deposition  of  these  gravels,  which, 
he  states,  were  accumulated  either  under  the  sea,  or  in  estuaries  as 
the  sea  was  invading  or  retiring  from  the  land. 

An  examination,  however,  of  the  facts  described  in  the  earlier 
portion  of  this  paper  shows  the  extreme  difficulty  of  accounting  for 
the  gravels  of  the  southern  portion  in  this  manner.  Whether  we 
examine  the  valley  of  the  Rother  at  Pittleworth,  the  Arun  at  Hen- 
field,  Wickham,  and  Steyning,  or  the  Ouse  between  Barcombe  and 
Eodmell,  the  terrace-graveh  always  slope  gently  towards  the  rivers, 
and  terminate  abruptly  in  the  opposite  direction.  Could  any  process 
of  selective  deposition  or  selective  denudation  by  the  sea  explain 
this  fact  ?  Again,  let  us  consider  the  plateau-gravel  of  the  Adur 
watershed  at  Ditchling.  Here  we  find  three  or  four  isolated  bills, 
.dose  together,  each  capped  with  gravel,  and  in  ea«h  case  the  inter- 
vening valleys  are  free  from  drift.  Is  it  not  more  in  accordance 
with  the  fundamental  principles  of  geology  to  see  in  this  fact  the 
excavation  of  the  valleys  subsequently  to  the  accumulation  of  the 
drift,  than  to  imagine  some  unintelligible  process  of  selective  depo- 
sition on  the  summits  of  these  hills,  when  submerged  beneath  the 
sea,  or  a  peculiar  process  of  denudation,  which  during  emergence 
swept  the  valleys  clear  and  left  each  hill-top  covered  with  drift  ? 
An  exactly  similar  but  still  more  striking  instance  of  the 
same  kind  is  seen  in  the  Cuckmere  valley,  where  we  find  isolated 
hill-tops  capped  with  drift,  even  when  an  area  of  only  a  few  square 
yards  reaches  above  the  particular  contour  to  which  the  gravels  are 
confined. 

Another  argament  against  the  view  that  the  Wealden  valleys 

*  Belt,  Quart.  Journ.  Geol.  Soc.  Tol.  ixxii.  p.  83. 
t  Quart.  Jouru.  Geol.  Sot*.  toI.  xzxviii.  p.  690. 
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have  not  been  considerably  lowered  since  the  Glacial  period  is  to  be 
found  in  the  existence  of  Crag  deposits  at  Lenham,  on  the  edge  of 
the  Chalk  escarpment,  which  points  to  the  conclusion  that  the  whole 
Wealden  valley  has  been  excavated  since  the  Pliocene  period  *. 

When  we  come  to  consider  the  origin  of  the  plateau-drift,  we 
are  met  by  considerable  difficulty.  The  flints  are  the  residue  of  the 
Upper  Chalk  which  stiU  covered  a  certain  portion  of  this  area  after 
marine  denudation  had  exposed  the  Hastings  beds  of  the  central 
dome^  and  probably  also  the  higher  portions  of  the  Lower  Greensand 
escarpment.  Similar  flints,  many  of  them  angular  and  broken,  still 
lie  in  great  quantities  upon  the  summit  of  the  Chalk  escarpment, 
and  in  many  places,  as  at  Beachy  Head,  build  up  a  considerable 
thickness  of  angular,  ferruginous  gravel,  not  unlike  the  drift^gravels 
just  described.  The  broken  and  shivered  condition  of  the  flints  of 
the  Wealden  area  has  been  attributed  by  Mr.  S.  Y.  Wood  to  the 
result  of  alternating  frozen  and  warmer  conditions  of  the  surface  of 
a  soil  which  remained  permanently  frozen  below  t. 

But  to  account  for  the  distribution  of  the  beds  of  angular  gravel 
on  the  higher  grounds,  and  the  evident  traces  of  stratification  which 
they  in  many  cases  present,  appears  to  require  something  more 
than  a  mere  letting  down  of  the  angular  flints,  in  proportion  as  the 
Chalk  disappeared,  upon  an  eroded  surface  of  the  inferior  strata ; 
for  if  such  a  process  has  been  going  on  during  the  recession  of  the 
Chalk  escarpment,  it  should  also  be  going  on  now,  and  flints  should 
occur,  along  the  base  of  the  escarpment,  upon  the  Upper  Greensand 
and  Gault.  Yet  it  is  just  here  that  the  flint-drift  is  absent,  except 
in  certain  instances  near  the  watersheds,  as  near  Chanctonbury  and 
Clayton.  An  examination,  moreover,  of  the  diagrams  of  the  water- 
shed gravels  is  sufficient  to  show  that  such  phenomena  as  contorted 
stratification,  intercalated  beds  of  sand  or  clay,  and  alternations  of 
fine  and  coarse  materials  require  some  more  powerful  agent  than 
mere  subaerial  deposition,  however  angular  and  confused  the  general 
character  of  the  drift  may  be. 

It  seems  necessary  therefore  to  look  upon  the  watershed  gravels 
of  Heath  Common,  Ditchling,  and  Berwick  as  the  remains  of  an 
eastern  extension  of  the  angular  drift  of  Eogate  and  other  parts  of 
West  Sussex,  and  as  a  true  subaqueous  deposit. 

SUIOTART. 

It  will  be  convenient,  in  conclusion,  to  sum  up  the  results  which 
it  has  been  the  object  of  the  present  paper  to  prove,  viz. : — 

1.  That  the  highest  and  oldest  gravels  of  this  area  occur  only  in 
patches  in  or  near  the  watersheds :  that,  although  appar- 
ently without  fossils,  these  gravels  exhibit  some  traces  of 
subaqueous  origin,  and  may  possibly  be  contemporaneous  with 
similar  deposits  occurring  throughout  the  southern  counties  of 
England. 

*  Prestwich,  Quart.  Joum.  Geol.  Soc.  toI.  xiv.  p.  322  ;  0.  Reid,  '  Nature/  toI. 
xxziy.  p.  342. 

t  Geol.  Mag.  1882.  pp.  339,  441. 
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2.  That  the  Talley-gravels  have  been  maiiily  built  up  of   the 

detritus  from  the  older  beds  :  that  these  valley-graTels  have 
been  formed  by  existing  rivers,  flowing  in  their  present 
directions,  and  that  in  the  lower  gravels  mammalian  remains 
have  been  discovered  in  several  localities. 

3.  That  the  gravels  of  this  area  are  strictly  local  in  character, 

and  contain  only  such  detritus  as  can  be  derived  from  the 
districts  drained  by  the  different  rivers  or  their  tributaries. 

4.  That  a  considerable  amount  of  denudation  is  proved,  not  only 

by  the  fragmentary  nature  of  the  watershed-gravels,  but 
also  by  the  height  to  which  the  terrace-gravels  reach  above 
the  present  level  of  the  rivers. 

5.  That  the  finding  of  a  granite  boulder  on  the  summit  of  the 

Chalk  escarpment  may,  if  confirmed  by  other  similar  dis- 
coveries, cmsiderably  modify  existing  ideas  respecting  the 
physical  condition  of  this  area  during  the  Glacial  period. 
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45.  On  the  Ancient  Beach  and  Boulders  near  Braunton  and 
Croyde,  in  N.  Devon.  By  T.  M'Kenny  Hushes,  M.A.,  Wood- 
wardian  Professor,  Cambridge.     (Eead  Jane  23,  1887.) 

The  ancient  high-level  beaches  of  the  south-west  of  England  have 
long  aHracted  notice.  Paris  *  referred  some  of  them  to  blown  sand ; 
Came  t  and  Boase  i  mentioned  the  occurrence  of  similar  phenomena 
around  the  coast  of  Cornwall.  Godwin-Austen  §  described  a 
'*  raised  beach  "  at  Hope's  Nose,  and  later  on,  in  his  paper  on  the 
superficial  accumulations  of  the  coasts  of  the  English  Channel  ||,  gave 
an  account  of  several  other  deposits  in  di£ferent  localities,  which 
seemed  to  him  to  indicate  an  elevation  of  the  coast-line.  The  posi- 
tion of  many  of  these  beaches  is  indicated  by  Greenough  on  his 
geological  map  and  by  De  la  Beche  on  the  maps  of  the  Geological 
Survey. 

Among  the  raised  beaches  we  generally  find  included  the  sand- 
cli£Ps  of  Saunton  Down  and  Middle  Borough,  on  the  coast  west  of 
Barnstaple.  These  deposits  have  a  further  interest  attached  to 
them  from  the  occurrence  at  their  base  of  large  boulders  of  various 
kinds  of  rock,  some  of  which,  it  would  seem,  do  not  exactly  resemble 
any  rock-masses  in  the  drainage-areas  from  which  they  could  have 
been  transported  to  where  they  are  now  found  by  any  kind  of  river- 
action. 

Sedgwick  IT,  Murchison  **,  Williams  ft,  and  De  la  Beche  J  J  have 
described  these  cliffs,  pointing  out  the  similarity  of  the  deposits  to 
those  of  the  modem  shore,  and,  assuming  that  the  whole  was  an 
ancient  beach,  of  course  explained  its  present  position  by  changes 
in  the  relative  level  of  land  and  sea.  It  seems  to  have  been 
generally  spoken  of  as  a  Raised  Beach  from  the  time  of  these 
earlier  observers  till  the  year  1866,  when  Mr.  Spence  Bate§§.  from 
a  careful  examination  of  the  sections,  returning  to  the  views  of 
Paris,  arrived  at  the  conclusion  "  that  the  entire  structure  conduces 
to  the  conviction  that  the  lo- called  raised  beach  is  in  reality  the 
nndestroyed  remnant  of  an  extensive  district  of  wind-borne  sand 
similar  to  that  which  now  exists  on  Braunton  Burrows.'' 

In  a  paper  published  in  1867 1|  ||  Mr.  Pengelly  replies  to  Mr.  Spence 
Bate,  and  gives  exact  measurements  taken  at  various  points  along 
the  cliffs.  He  is  led  by  a  coqsideration  of  the  low  level  at  which 
various  land-plants  are  found  to  infer  that  the  tide  does  not  now 
often  reach  the  level  to  which  the  remains  of  Balanus  indicate  that 

•  Trans.  K.  Geol.  Soo.  Cornwall,  vol.  i.  1818,  p.  4. 

+  Ibid.  vol.  iv.  1832,  p.  259.  J  Tarn.  cU.  pp.  269,  270-273,  320. 

iProo.  Geol.  Soo.  vol.  ii.  1834,  p.  102. 
Quart.  Joum.  Geol.  Soc.  vol.  vii.  1851.  p.  118. 
f  Trana  Geol.  Soc.  vol.  v.  p.  279 ;  Proo.  Geol.  Soc.  vol.  ii.  p.  442. 
♦♦  Ibid. 

^f  Trana.  Gheol.  Soc.  vol.  v.  p.  287 ;  Proc.  Geol.  Soc.  vol.  ii.  p.  441. 
\\  Beport  on  the  Gecl.  of  Cornwall,  Devon,  and  W.  Pomerset,  1839,  p.  425. 
SJ  Trana.  Devon  Amoo.  Adv.  Sci.  Lit.  and  Art,  1866,  p.  128. 
it!   /Jttf.  1867,  p.  416. 
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it  once  commouly  rose.  He  thinks  that  the  "  transportation  "  of  the 
great  boulder  of  red  granite  "required  more  lian  wave-power 
merely,"  and,  on  the  assumption  that  it  was  carried  on  ice,  points 
out  that  it  would  necessitate  a  considerable  change  of  level  to  float 
such  a  large  mass  of  ice  to  where  the  boulder  now  lies.  Inciden- 
tally he  notices  the  vertical  shafts  in  the  saud-cli£Ps,  and  suggests  in 
explanation  that  the  process  begins  by  the  infiltration  of  rain-water 
containing  carbonic  acid  in  solution,  which  dissolves  the  calcareous 
cement  of  the  consolidated  sand,  and  ''  that  in  periods  of  continued 
drought  the  water  evaporates,  the  winds  disperse  much  of  the  dry 
loose  sand,  but  communicate  a  rotary  motion  to  the  residue,  and 
thus  produce  the  cylindrical  or  subcylindrioal  form  of  the  shafts, 
and  that  by  a  repetition  of  this  process  the  shaft  is  gradually  deep- 
ened until  it  passes  completely  through  the  sand-beds." 

The  points  to  which  I  invite  attention  in  the  following  paper 
are: — 

(1)  Is  this  deposit  on  the  southern  slopes  of  Saunton  Down  a 

raised  beach  ?  and 

(2)  Were  the  above-mentioned  boulders  carried  to  their  present 

position  by  ice  ? 

I  would  avoid  any  future  misapprehension  of  my  meaning  by 
defining  what  I  understand  by  a  raised  beach. 

A  raised  beach  is  a  portion  of  the  shore-deposits  which  were 
accumulated  when  the  land  was  at  a  lower  level.  It  is  not  suffi- 
cient to  show  that  the  deposit  could  not  now  be  laid  down  by  the 
sea  in  the  position  and  at  the  height  at  which  it  is  found,  unless  it 
can  be  shown  also  that  no  other  conditions  than  a  sinking  of  the 
land  would  explain  its  occurrence  in  such  a  position  or  at  such  a 
height. 

High- water  mark  for  the  purposes  of  this  inquiry  does  not  mean 
the  level  to  which  the  tide  rises  in  calm,  but  the  much  higher  line 
up  to  which  wind-driven  Atlantic  waves  in  spring-tides  carry  sand, 
shells,  and  blocks  of  stone.  The  tidal  range  in  Barnstaple  Bay  is 
stated  by  Mr.  Hall  to  be  between  38  and  40  feet ;  but  enormous 
masses  of  rock  may  be  seen  thrown  up  to  much  higher  levels  in 
almost  any  little  cove  around  this  coast. 

We  know  that  stones  &c.  can  be  caught  in  the  waves*  and 
hurled  to  the  top  of  vertical  walls  of  rock  ;  but  this  does  not  give  a 
beach-like  deposit.  If,  however,  we  have  a  long  slope  on  an  open 
shore,  or  still  more  in  a  narrowing  creek  or  bay,  and  ocean  waves 
breaking  on  it,  beach- deposits  (stones,  sand,  shells,  &c.)  are  carried 
far  above  what  is  commonly  understood  by  high-water  mark.  Alter 
the  coast- line,  destroy  a  promontory  or  sandbank,  turn  on  a  current, 
or  change  the  outfall  of  a  river  and  the  sand  and  shingle  are  swept 
away  ;  the  sea  cuts  into  the  solid  rock,  and  leaves  a  cliff  with  the 
thin  end  of  the  long  shore  slope  seen  on  top  of  it,  now  many  feet 
above  high- water  mark  t. 

That  is  not  a^  raised  beach,  for  it  would  require  no  change  of 

*  Hughes,  Journ.  Vict.  Inst,  or  Phil.  Soc.  Gt.  Brit.,  Feb.  1887,  p.  4. 
t  Cf.  Came,  Trans.  R.  Geol.  Soc.  Cornwall,  vol.  iii.  1828,  p.  220  et  ^eq. 
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level  to  produce  it.  It  would  be  brought  about  by  the  uniform 
waste  of  an  irregular  coast-line,  where  the  destruction  of  headlands 
and  the  shifting  of  sandbanks  and  currents  determine  which  part 
of  the  rocky  coast  shall  have  a  protecting  mantle  of  sand  for  a  time 
thrown  over  it,  and  which  shall  be  stripped  to  bear  the  ceaseless 
lash  of  the  waves. 

Referring  to  the  diagram  (fig.  1),  let  L,  M  represent  high-  and 

Fig.  1. — Diagram  Section  showing  the  Mode  of  Formation  of  some 
of  the  High-level  Beaches  of  Devonshire, 


1.  Talus.  3.  Ancient  shore-depoeits. 

2.  Modem  shore^eposito.  4.  Rock. 

low-water  mark,  the  level  of  ordinary  high  and  low  water  respec- 
tively, and  EF  the  surface  of  the  existing  sand-slope;  then  the 
waves  in  storm  may  break  against  the  foot  of  the  clifE  G  H,  but 
never  get  as  high  as  K,  the  base  of  what  is  called  a  raised  beach. 

But  when  A B  or  CD  was  the  surface  of  the  sand-slope,  the  sea 
in  storm,  especially  if  it  was  in  a  bay  or  creek  or  corner,  would  rush 
np  the  incline  along  A  B  or  C  D  to  a  level  far  above  K.  Then  when 
the  gradual  changes  of  the  coast,  shifting  the  sandbanks,  eating 
away  the  promontory,  and  so  on,  had  removed  the  sand  marked  (3) 
and  cut  back  the  cliff  to  G  H,  the  portion  above  K  would  look  like 
a  raised  beach,  and,  in  fact,  would  be  practically  out  of  reach  of 
the  waves. 

If  any  change  of  level  has  taken  place  in  this  case  it  seems  to  me 
to  be  quite  as  likely  to  have  been  a  downward  as  an  upward  move- 
ment. At  any  rate  it  is  probable  that  if  the  sea  were  thrown  more 
strongly  on  to  the  sand-dunes  in  Barnstaple  Bay  by  a  small  depres- 
sion, the  tendency  would  be  to  drive  them  back  to  the  east,  leaving 
just  such  patches  of  consolidated  sand  and  talus  in  cliffs  near  Saun- 
ton  Court  as  are  now  seen  along  the  cliff  further  west.  And  the 
height  to  which  the,  properly  speaking,  marine  deposits  occur  is  so 
little  above  ordinary  high  tide  that  there  is  plenty  of  margin  left  for 
storm-waves  to  carry  them  up  to  where  they  are  now  found. 

When  a  long  sweep  of  shore  such  as  Woolacombe  sands  or  Bide- 
ford  Bay  leaves  a  wide  expanse  of  sand  exposed  between  every  tide 
to  the  sun  and  wind,  it  is  curious  to  notice  how  soon  after  the  sea 
has  left  it  the  surface  of  the  sand  begins  to  move  under  the  influ- 
ence of  a  dry  wind.  One  might  almost  think  sometimes  that  the 
sun  and  wind  dried  one  grain  at  a  time  and  started  it  off  immedi- 
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ately,  so  damp  is  the  sand,  while  the  yellow  haze  a  few  inches 
deep  tells  us  the  surface  is  heginning  to  drifc  away.  Stick  a  slate 
or  a  shell  up  to  catch  it,  and  you  soon  find  how  rapidly  the  work  is 
going  on.  So  the  sandhills  are  formed  which  protect  the  lower  part 
of  the  lowlands  hehind  from  the  rush  of  the  wind-driven  tides.  In 
exceptionally  high  tides,  however,  the  sea  is  carried  far  up  the 
incline  formed  hy  the  dunes,  and  so  marine  deposits  are  intercalated 
in  the  lower  part  of  the  hlown  sand.  Thus  we  must  have  in  all 
such  cases  marine  deposits  at  the  hase,  then  resting  on  them  alter- 
nations of  ^olian  and  marine,  all  heaped  up  on  solid  rock  or  estua- 
rine  silt  or  whatever  the  floor  may  happen  to  have  heen. 

When  we  examine  the  upper  part  of  the  deposit,  we  find  that  the 
sand  is  carried  by  the  wind  above  the  highest  water-mark  to  form 
the  dunes,  and  in  like  manner  up  the  hill-sides  that  bound  the 
estuary  or  bay. 

Here  another  operation  is  at  the  same  time  going  on.  The  talus 
due  to  gravitation  or  pluvial  action  creeps  down  over  the  shifting 
sand  and  covers  or  is  covered  by  it.  This  may  go  on  up  to  any  level 
if  the  slope  be  favourable  and  the  supply  of  sand  sufficient ;  and  if 

Fig.  2. — Diagram  showing  Succession  of  Deposits  West  of 
Saunton  Court. 


1.  Tains.  3.  Marine  sand  and  shingle. 

2.  Blown  sand.  4.  PUton  Beds. 

deposits  thus  formed  are  cut  back  and  exposed  in  section,  we  see 
alternations  of  blown  sand  and  talus,  but  further  from  the  hiU  the 
blown  sand  only,  as  shown  in  the  diagram  (fig.  2). 

Where  therefore  only  this  last-described  deposit  of  blown  sand 
and  talus  rises  above  highest  water-mark,  but  the  marine  deposits 
at  the  base  are  no  higher  than  could  now  be  reached  by  the  waves, 
there  is  no  evidence  of  change  of  level  such  as  would  justify  our 
calling  the  deposit  a  raised  beach. 

Along  the  coast  from  the  north  end  of  Braunton  Burrows  around 
Croyde  Bay,  but  especially  under  the  south  slope  of  Saunton  Down 
and  west  of  Middle  Borough,  there  is  an  almost  continuous  beach, 
which  I  would  refer  to  the  agencies  I  have  just  been  describing  (see 
fig.  3).  The  upper  part  consists  of  angular  fragments  of  the  rocks 
which  occur  on  the  hill  immediately  above  it  imbedded  in  earth,  the 
result  of  the  subaerial  decomposition  of  those  rocks.  Where  the 
cliff  has  been  cut  back  pretty  close  to  the  steeper  slopes  the  thick- 
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nens  of  this  deposit  is  very  great.  Conspicuous  white  bands  are 
sometimes  seen  along  the  face  of  the  seotion,  but  this  is  only  a 
superficial  efflorescence  of  salt  due  to  the  evaporated  spray  from  the 
sea. 

Below  this  talus  there  ia  a  deposit  of  sand  of  very  variable  thick- 
ness, often  having  at  various  horizons  in  the  upper  part  bands  of 
an<^ular  talus  like  that  above. 

The  bedding  is  very  clear  in  the  weathered  cliff  (see  fig.  4).  It 
is  often  false-bedded,  and  in  sections  at  right  angles  to  the  coast  is 

Fig.  3. — Diagram  Section  across  so-called  Raised  Beach  under  Saunton 
Down,  North  end  of  Barnstaple  Bay,     (^ Scale  200  feet  to  1  inch.) 


a.  Recent  sand  and  shingle. 

A.  Talus,  oyerlapping  and  doTetailing  with  upper  part  of  e, 

e.  Blown  sand,  with  subaerial  talus  intercalated  m  upper  part,  and  sea-beach 

deposita  alternating  with  lower  pare. 
d.  Pilton  Beds. 

X.  Low  water.        y.  High  water.        e.  Spring- tides  and  storms. 


Fig.  4. — Cliff  of  Consolidated  Sand  resting  on  Cleaved  Roch 
(Pilton  Beds),  Saunton  Down,  North  Devon. 


sometimes  seen  to  slope  up  rapidly  against  the  hillside,  as  indicated 
in  the  section  (fig.  3). 

Land-shells  occur  here  and  there,  singly  or  in  bands,  HeJuv  vir- 
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gctta  being  the  most  oommon,  as  on  the  adjoining  sand-dunes.  Sea- 
shells  are  rare,  and  only  such  as  might  have  been  carried  by  birds 
or  rolled  np  the  sand-slope  by  the  wind. 

In  the  lower  part  of  the  sand-cliff,  however,  sea-shells  are  com- 
mon, and  there  are  lines  of  shore  shingle  which  generally  forms  an 
irregular  conglomerate  at  the  base.  It  is  consolidated  into  a  hard 
calcareous  sandstone,  so  hard  that  it  is  used  in  the  neighbourhood 
for  rough  walling.  Owing  to  its  being  but  little  jointed,  it  long 
resists  the  battering  of  the  waves,  which  have  to  remove  it  almost 
grain  by  grain.  Here  and  there,  however,  great  masses  are  lifted 
out  and  trundled  by  the  waves  along  the  shore,  furnishing  an 
example  of  the  sea  quarr}'ing  out  and  moving  along  the  shore,  at  the 
same  level  as  the  boulders  of  granite,  masses  as  large  as,  if  not  larger 
than,  those  for  the  transport  of  which  ice-agency  is  invoked.  One 
such,  resting  on  the  cleaved  rocks  at  the  foot  of  the  cliff,  is  shown  on 
the  left-hand  side  of  fig.  4. 

The  consolidation  of  the  blown  sand  round  the  coast  of  Devon 
and  Cornwall  was  noticed  and  explained  by  Paris  *,  who  ascertained 
by  experiment  that  the  shelly  sand  contained  from  60  to  64  per 
cent,  of  carbonate  of  lime.  Boase  t  describes  the  same  thing,  and 
quotes  an  old  author  who,  fifty  years  before  his  time,  explained  the 
induration  of  the  sand  by  infiltration  of  water  charged  with  car- 
bonate of  lime,  only  he  described  it  as  sparry  or  coralline  juice,  such 
as  forms  incrustations  in  the  bottoms  of  culinary  vessels  and  in 
water-pipes.  In  a  little  ravine  about  half  a  mile  west  of  Middle 
Borough  I  noticed  a  section  as  of  a  transverse  gnlly  about  twenty 
feet  deep,  at  the  base  of  which,  under  some  seventeen  feet  of  talus, 
was  three  feet  of  sand,  in  which  were  bands  about  an  inch  thick  of 
a  dark  sandy  ironstone.  This  also  seemed  to  be  quite  a  recent 
formation. 

Where  the  sand  from  above  has  run  down  through  a  crevice,  like 
sand  in  an  hour-glass,  it  has  often  eaten  out  a  cylindrical  hole 
from  two  to  four  feet  across.  I  am  inclined  to  think  from  what  I 
have  seen  that,  except  where  there  has  been  a  hole  quite  through, 
these  chimneys  are  never  formed,  but  that  some  of  them  are  origi- 
nally half-cylinders,  that  is  to  say,  the  sand  pouring  over  the  edge 
of  a  sand-cliff  cuts  a  groove  out  as  would  water.  I  think  it  certain 
that  when  once  formed  the  wind  helps  to  carry  on  the  work  and 
round  them  off,  but  that  the  action  of  the  wind  on  the  top  of  the 
sand  could  never  form  them  by  producing  a  rotatory  motion,  as  the 
water  of  an  eddying  mountain-torrent  bores  holes  in  the  solid  rock 
by  whirling  pebbles  round  in  any  hoUow  that  arrests  them. 

Flints  occur  in  this  ancient  beach  as  on  the  modem  shore,  and 
there  has  been  much  speculation  as  to  their  origin  and  mode  of 
transport.     An  examination  of  the  flints  themselves  will,  I  think, 

♦  Paris,  •'  Geological  Structure  of  Cornwall, "  Trans.  R.  GeoL  Soc.  Cornwall, 
Tol.  i.  18J8,p.  IW. 

t  Boase,  "  On  the  Submersion  of  part  of  the  Monnt's  Bay,"  &o.,  Trana.  B. 
Geol.  Soc.  Cornwall,  vol.  ii.  1822,  p.  143.  See  also  Carne,  *'  On  the  Mineral 
Productions  of  St.  Just,"  ihid.  p.  333. 
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be  sufficient  to  justify  our  dismissing  several  of  the  hypotheses 
suggested. 

They  are  not  flints  of  the  kind  used  by  primseval  man  for  the 
manufacture  of  implements. 

Their  numbers,  wide  distribution,  and  constant  association  with 
ancient  deposits  at  very  various  levels  make  the  hypothesis  that 
they  were  accidentally  introduced  quite  untenable.  They  go  back  to 
times  far  earlier  than  any  ships  that  carried  ballast. 

They  are  irregularly  iron-stained,  subangular  gravel- stones,  not 
flints  derived  directly  from  the  chalk. 

They  are  of  the  same  kind  as  those  common  in  the  high-level  marine 
deposits  of  Wales*  and  the  north  of  England,  and  occur  all  round  our 
western  coasts. 

They  are  found  on  the  St.-David's  plateau.  They  have  been 
brought  to  me  by  Mr.  E.  J.  H.  Jenkinson  from  the  gravels  that 
occur  here  and  there  all  over  the  SciUy  Isles.  They  are  handed  on 
to  lower  levels  by  every  later  denudation,  and  are  generally  to  be 
picked  up  in  every  modern  shiogle.  They  form  part  of  the  great 
gravel  banks  of  unknown  age  that  lie  off  our  south-west  coast 

They  do  not  appear  in  the  older  boulder-clays  of  Wales,  but  came 
in  with  the  shore-drifting  that  mixed  up  the  debris  of  the  northern 
ice-sheets  with  that  from  the  Cambrian  mountains,  and  dates  from 
the  Moel-Tryfan  and  St.-Ajsaph  stage  of  the  Pleistocene. 

It  is  perfectly  clear  that  the  upper  part  of  this  cliff  below  the 
talus  consists  of  nothing  but  blown  sand.  We  have  only  to  walk 
south  as  far  as  Braunton  Burrows  to  see  a  similar  deposit  now  in 
process  of  formation.  The  sand  is  blown  up  against  preexisting 
dunes,  so  as  to  show  in  section  steeply  inclined  beds,  just  as  it  does 
where  blown  against  the  hill-sides  of  Saunton  Down  or  Middle 
Borough.  A  few  stones  are  carried  here  and  there  far  up  the  sand- 
slope  and  in  between  the  dunes.  Shells  are  transported  some  dis- 
tance up  by  the  waves,  and  still  further  by  the  wind.  Certain 
species  are  carried  in  by  gulls  and  crows.  I  saw  here  among  the 
sand-dunes  the  shells  of  Patella  vidgata^  Pecten  variuSf  MytUtis 
edulis,  Mactra  stultorum^  Scrobicularia  piperata.  On  the  coast  of 
Pembrokeshire  I  have  seen  the  shell  of  Nassa  reticulata  rolling  up 
a  steep  sand-dune  in  a  gale  of  wind.  The  shells  of  land-mollusca, 
such  as  Helix  virgata^  H.  atpera,  H,  nemoralis,  Bulimus  acuttu^  &c., 
are  also  blown  about  and  rest  in  any  sheltered  hollow,  or  even  in  a 
footprint ;  but  they  do  not  occur  indiscriminately  throughout  the 
mass,  so  that  it  often  happens  that  over  large  tracts  not  a  single 
specimen  can  be  seen. 

At  the  north  end  of  the  dunes  the  sand  creeps  up  the  hillside, 
extending  in  irregular  hummocks  as  far  at  any  rate  as  Saunton 
Court.  If  any  change  of  current  were  to  destroy  the  great  barrier 
of  blown  sand,  so  that  the  sea  rolled  in  below  Saunton  Court,  and 
the  sand  next  the  hill  were  hardened  a  little  by  percolating  water, 
we  should  have  cli£&  precisely  similar  to  those  now  seen  along  the 
south  side  of  Saunton  Down  and  round  by  Middle  Borough  almost 
*  Quart.  Journ.  Geol.  See.  vol.  xliii.  1887,  p.  83. 
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to  Baggy  Point.  The  lower  part  only  would  be  washed  by  the 
waves,  and  the  upper  part  would  appear  to  be  beyond  the  reach  of 
any  tide,  and  not  in  the  way  of  any  possible  accumulation  of  blown 
sand.  But  when  the  dunes  were  further  forward  they  must  have 
abutted,  as  now,  against  the  hill  at  their  north  end,  and  the  sand 
was  blown  up  its  iiank  as  it  is  now  near  Saunton  Court. 

Along  the  sandy  roadway  down  to  the  shore  from  Saunton  Court 
the  wind  often  strips  off  part  of  the  sand  and  shows  that  the  talus 
sometimes  creeps  down  over  the  dunes  and  sometimes  is  covered  by 
the  blown  sand.  80  there  are  alternations  of  stony  earth,  sand, 
shells,  &c.  in  the  upper  part,  just  as  we  see  in  the  ancient  cliff 
further  west. 

It  is  easy  enough  to  explain  the  slight  difference  in  the  character 
of  the  sand  in  the  old  sand-cliff  and  in  the  more  modem  dunes. 
The  newer  sand  consists  more  largely  of  comminuted  shell,  whereas 
the  acidulated  water  percolating  from  the  hill-side  has  destroyed 
some  of  the  shell  in  the  sand  abutting  against  it  and  has  thrown 
the  carbonate  of  lime  down  again  where  it  has  been  exposed  to 
evaporation. 

That  this  process  has  been  going  on  is  shown  by  the  casts  of 
shells  found  in  the  solidified  snnd ;  and  that  the  precipitation  has 
taken  place  elsewhere  is  shown  by  the  bands  of  calcite  a  quarter  or 
half  an  inch  thick  which  have  formed  along  some  of  the  more  open 
divisional  planes,  by  the  crystals  of  calcspar  which  line  some  of  the 
cavities  where  shells  have  been,  and  by  the  solidified  massee  of 
sand  described  above. 

So,  I  take  it,  this  cliff  of  sand  and  angular  stony  debris  on  the 
shore  south  of  Saunton  Down  and  west  of  Middle  Borough  is  no 
raised  beach,  but  only  the  run-of-the-hill  or  talus  overlapping  and 
dovetailing  into  the  top  of  the  sand  which  was  driven  by  the  wind 
up  the  hillside  when  the  sandy  shore-line  of  Barnstaple  Bay  stood 
a  little  further  west,  and  that  the  lower  part  of  it,  where  the  blown 
sand  contains  beds  of  shingle  and  marine  shells,  is  only  the  part 
where  the  waves  occasionally  rushed  over  the  base  of  the  sand- 
dunes,  and  does  not  extend  above  the  height  now  washed  by  the 
sea.  To  put  it  shortly,  what  is  above  sea-level  is  not  beach,  and 
what  is  beach  is  still  within  reach  of  the  sea. 

Eesting  apparently  on  the  bare  rock  under  this  sandy  deposit 
there  are  many  large  boulders,  most  of  them  composed  of  the  gritty 
beds  in  the  Devonian.  There  are,  however,  now  visible  three  other 
boulders,  the  original  source  of  which  is  not  so  easy  to  determine 
with  certainty. 

The  first  occurs  about  |  mile  west  of  Middle  Borough,  It  is 
a  great  mass  of  yellowish-white  gneissose  granite,  the  part  ex- 
posed measuring  some  8x6x6  feet.  The  surface  is  somewhat 
decomposed  and  exfoliates  in  places.  The  boulder  is  capped  by  some 
of  the  talus,  not,  it  appeared  to  me,  the  original  mass  of  which  the 
cliff  was  composed,  but  only  a  portion  slipped  from  it. 

The  second  boulder  (fig.  5)  occurs  about  halfway  along  the  shore 
south  of  Saunton  Down.     It  rises  out  of  a  little  pool  between  the 
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jagged  ridges  of  the  rock  just  in  front  of  a  small  alcove  or  cave  in 
the  western  face  of  a  portion  of  the  sandstone  clifF  which  runs  out 
south  from  the  hill.     It  measures  ahout  4  feet  across  from  corner 

Fig.  5. — Boulder  of  Grey  Porphyry  at  base  of  Cliff  South  of  Saunton 
Domi,  North  end  of  BarnstapU  Bay  (April  11,  1887).  (Scale 
7i  feet  to  1  inch.) 


a,  Beoent  shingle.  d»  PUton  Beds. 

6.   Boulder  of  grey  porphyry  in  1  foot  of  water. 

Ca   Consolidated  blown  sand,  modified  at  base  by  action  of  sea,  with  lines  of 
shingle  and  sea-shells,  and  alternating  in  upper  part  with  talus. 

to  comer  of  the  irregular  rhomhoidal  mass  now  exposed.  On  the 
south  side  of  it  a  fold  over  of  one  of  the  harder  beds  has  caused  a 
stronger  harrier  than  usual  and  probably  determined  the  position  in 
which  it  rested. 

This  boulder  consists  of  a  grey  porphyry  much  resembling  that 
80  common  on  Arenig ;  but  I  should  be  sorry  to  say  that  it  could 
not  have  come  from  the  felsite  which  occurs  at  intervals  for  many 
miles  at  the  base  of  the  Pickwell-Down  Sandstone,  as  that  is  ex- 
posed only  here  and  there,  and,  where  seen,  is  so  variable  that  we 
may  easily  allow  that  there  may  be  parts  of  it  very  like  the  Saun- 
ton  boulder. 

The  third  boulder  (fig.  6)  is  more  like  the  Koss-of-Mull  granite 
than  any  other  with  which  I  am  acquainted.  It  occurs  in  a  cave 
eaten  out  by  the  waves  in  the  very  base  of  the  sand-cliff,  a  short 
distance  further  east  than  that  last  described.  It  rises  out  of  some 
newly  tossed-up  shingle,  and  supports  the  roof  of  the  cave.  From 
the  levels  observed  outside,  it  is  clear  that  it  must  rest  on  the  solid 
rock.  It  is  partly  concealed  by  the  shingle,  so  that  exact  measure- 
ments cannot  be  obtained.  From  what  was  exposed  when  Mr. 
Townshend  Hall  saw  it  he  estimated  that  it  must  weigh  between 
10  and  12  tons. 

Mr.  Townshend  Hall  *  thinks  "  it  is  very  doubtful  whether  there 

*  See  note  t  on  p.  666. 
Q.J.G.S.  No.  172.  2z 
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is  any  vein  of  a  similar  colour  and  texture  on  Lundy  Island,  capable 
of  producing  a  block  of  such  magnitude.  The  nearest  point  of  the 
Dartmoor  Granite  is  exactly  30  miles  from  Saunton,  but  any  of  a 

Fig.  6. — Boulder  of  Bed  Granite  in  base  of  Ancient  Beach  South  of 
Saunton  Down,  North  end  of  Barnstaple  Bay  (April  11 ,  1887). 
(Scale  7j^  feet  to  1  inch.) 


a,  Becent  shingle.  d,  Pilton  Beds. 

b,  Boulder  of  red  granite. 

c,  Ck)n0olidated  blown  sand,  modified  at  base  by  action  of  sea. 

red  colour  can  only  be  obtained  in  very  few  localities,  and  at  a 
much  longer  distance." 

The  Rev.  Dr.  Williams*  was  of  opinion  that  it  could  not  have 
come  from  Dartmoor  or  Cornwall,  or  Lundy,  but  that  it  resembled 
much  of  the  granite  of  the  Grampians. 

The  boulders  all  occur  in  caves  or  at  the  base  of  deposits  now 
being  washed  by  the  sea ;  in  fact  they  would  not  be  seen  at  all 
if  they  were  not  within  reach  of  the  breakers  which  are  under- 
mining the  cliffs  and  exposing  the  original  surface  of  the  solid  rock 
and  the  boulders  which  rest  upon  it,  so  that  it  is  clear  that  they 
may  have  been  tossed  into  their  present  position  by  the  waves  of 
the  sea  at  its  present  level.  The  size  of  the  boulders,  and  the  height 
to  which  they  have  been  thrown,  is  nothing  for  that  western  sea  in 
storm ;  all  round  the  coast  we  find  plenty  of  larger  blocks  carried 
higher. 

The  character  and  mode  of  occurrence  of  these  boulders  does 
fairly  raise  the  question  whether  there  are  any  satisfactory  traces  of 
glaciation  south  of  the  Bristol  Channel. 

Mr.  Townshend  Hall  t  remarks  on  this  subject : — "  The  great  ioe- 
sheets  which  in  the  Glacial  Period  covered  the  northern  part  of 
England  and  Wales,  are  not  generally  supposed  to  have  extended 

*  Trans.  Geol.  Soc.  toL  v.  p.  287  ;  Proc.  Geol.  Soc.  toI.  ii.  p.  441. 

t  "  A  Sketch  of  the  Geology  of  Devonshire  by  Townshend  M.  Hall,"  White's 
History,  Gazetteer  and  Directory  of  the  County  (Devon),  Shield,  1878,  p.  16. 
See  also  Ussber,  "  Physical  Features  of  Deyonshire/'  Trans.  Devon.  Aaooo,  Sd. 
lit  &  Art,  Tol.  xii.  1880.    • 
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flouth  of  the  Bristol  Channel,  and  the  characteristic  furro\vs  and 
scratches  made  by  the  friction  of  glaciers  against  the  sides  of 
valleys,  so  commoidy  met  with  in  the  north  of  England  and  Wales, 
have  not  yet  been  positively  identified  in  Devonshire."  But  he  very 
fairly  points  out  that  "  if  such  markings  ever  were  formed,  they  may. 
have  been  rapidly  effaced,  owing  to  the  soft  nature  of  the  slate,  and 
the  tendency  of  granite  to  become  disintegrated  on  the  surface.'' 
He  is  of  opinion  "that  in  various  parts  of  both  Dartmoor  and 
Exmoor  there  are  collections  of  stones  and  debris  similar  in  every 
respect  to  those  composing  the  moraines  of  modem  glaciers,  and 
valleys  which  have  evidently  been  shaped  by  glacial  agency." 

Mr.  Ussher  *  is  of  opinion  that  there  are  traces  of  glacial  action  in 
Devonshire,  and  accepts  the  view  that  the  high-level  beach  of  Saunton 
Down  and  Croyde  and  other  places  on  the  coast  of  Devon  and 
Cornwall  show  evidence  of  elevation,  but  refers  them  to  an  age 
which  corresponds  to  the  ''  Interglacial  Period "  of  the  north  and 
east  of  England,  but  in  Devonshire  was  not  succeeded  by  any  later 
glaciation. 

We  must  clearly  distinguish  between  (a)  a  theory  which  refers 
these  deposits  to  local  glaciers  originating  within  the  area,  as 
it  19  most  improbable  that  any  traces  of  such  small  local  glaciation 
could  remain,  and  (6)  any  hypothesis  which  refers  boulders  or  clays 
to  the  terminal  deposits,  whether  on  sea  or  land,  of  the  great  ice 
mass,  which  we  do  know  got  down  as  far  as  the  Bristol  Channel. 

Mr.  Doe  t  has  recorded  some  boulders  of  f ekite  occurring  at  a 
height  of  some  500  feet  above  the  sea  near  Great  Torrington,  but 
these  are  described  as  resembling  some  of  the  Elvans. 

Mr.  Hall^  further  mentions  that  "At  Waddeton  Court,  near 
Dartmouth,  a  group  of  New  Red  Sandstone  boulders  are  found  re- 
posing on  the  slate  at  elevations  varying  from  18  to  nearly  200  feet 
above  the  level  of  the  sea.  At  Harberton,  near  Totnes,  also  on  a 
slate  subsoil,  boulders  of  a  fine-grained  trap  occur  at  a  height  of 
about  100  feet,  and  are  especially  noticeable  as  being  in  some  cases 
marked  with  parallel  grooves  or  scratches.  Another  group,  also 
composed  of  trap,  is  situated  at  Druid,  near  Ashburton ;  and  boulders 
of  various  sizes  have  been  recorded  as  occurring  in  the  parish  of 
Bishop's  Teignton,  near  Teignmouth,  some  300  feet  above  the  sea." 
"  Another  instance  of  transported  boulders  occurs  in  the  parish  of 
Fremington,  near  Barnstaple,  where  boulders  of  trap  are  frequently 
found  on  or  near  the  surface  of  a  thick  bed  of  brown  clay  much 
used  for  pottery." 

Dr.  Slade  King  also  informs  me  that  a  waterworn  boulder  of 
coarse  grey  granite,  weighing,  say,  2  cwt.,  was  found  in  a  clayey 
deposit  in  draining  a  meadow  on  Bicklescombe  farm,  near  Ilfra- 
combe,  some  forty  years  ago.  It  was  round  and  smooth,  and  had  no 
grooves  or  striaa  on  it.    Near  it  were  found  also,  in  the  words  of  a 

*  "  On  the  Chronological  value  of  the  Pleistocene  Deposits  of  Devon,"  Quart. 
Joum.  Geol.  Soo.  vol.  xixiv.  1878,  p.  449. 

t  Bept  Committee  on  Erratic  Blocks,  Bepi.  Brit.  Assoc.  1876,  p.  110. 


t  Op.cit. 
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man  who  saw  them,  '^some  old  stone  things,  hammer-heads  and 
heads  of  spears,  and  snch  like."  So  it  is  probable  that  this  bonlder 
was  in  disturbed  ground. 

Setting  aside,  then,  any  suggestion  of  ice-action  arising  out  of  the 
character  and  position  of  these  boulders,  there  does  not  appear  to  be 
any  satisfactory  evidence  of  glacial  conditions  in  Devonshire.  Its 
deep  combes  tell  of  long  continuous  erosion  by  the  streams  which  have 
cut  their  way  back  from  the  coast  almost  horizontally  into  the  table- 
land, not  vertically  dotvn  from  the  tableland  to  sea-level.  After  the 
rapids  or  waterfalls  where  the  work  is  going  on  have  receded,  the 
talus  gathers  in  every  hollow  and  on  every  ledge,  and  the  enormous 
thickness  of  the  rainwash  and  run-of-the-hill  in  Devonshire  tells  of 
long-continued  subaerial  waste.  The  thin  laminse  due  to  cleavage 
or  bedding,  or  both,  are  all,  so  far  as  I  have  seen,  turned  over  down 
the  slope  by  gravitation,  and  none  curve  over  in  imezpected  direc- 
tions as  if  pushed  by  ice.  There  is  nothing  in  the  form  of  the 
ground  or  the  character  of  the  superficial  deposits  (saving  always  the 
boulders  in  question)  to  suggest  ice-action. 

The  thick  deposits  of  subaerial  talus  do  not  differ  in  character 
from  those  now  being  formed,  and  represent,  not  so  much  the 
greater  intensity  of  the  cold  at  some  former  period,  as  the  greater 
length  of  time  during  which  the  surface  has  been  exposed  to  the 
disintegrating  effects  of  weather,  just  like  what  prevails  there  stilL 

The  brown  clays  and  other  similar  deposits  referred  to  by 
Mr.  Hooker  as  possibly  of  glacial  origin  are  obviously  not  to  be 
referred  to  the  direct  action  of  ice.  They  are  not,  as  they  stand. 
Boulder-days  or  true  glacial  deposits;  and  if  they  are  only  due  to  the 
destruction  of  old  Boulder-clays,  we  are  opening  up  another  question, 
viz.  How  far  off  were  the  Boulder-clays  from  which  they  were  derived, 
and  to  what  denudation  can  those  brown  days  be  referred?  Did 
it  follow  immediately  upon  the  deposition  of  the  moraine  or  when  ? 
It  may  be  that  Devon  was  under  the  sea  during  the  age  of  extreme 
gladation  in  N.W.  Europe,  and  received  some  of  the  marginal 
gladal  deposits  and  emerged  early,  so  that  all  traces  have  been 
destroyed. 

No  one  can  tell  how  far  back  we  must  place  the  beginning  of  the 
subaerial  denudation  of  this  district.  Nor  have  we  evidence  to  show 
what  was  the  condition  of  the  surface  of  the  great  Devon  plateau 
when  first  it  emerged  from  the  sea.  That  no  blocks  from  what 
were  then  granite  islands  should  have  been  anywhere  left  upon  iJie 
sea-bottom  around  them  is  improbable;  that  no  block  from  the 
central  tors  should  have  travelled  down  the  ordinary  channels  of 
denudation  in  later  times  is  also  contrary  to  our  usual  experience  in 
such  cases.  Therefore  we  have  no  right  to  assume  the  existence  of 
glacial  conditions  to  explain  the  occurrence  here  and  there  of  a 
block  of  granite  or  other  rock  of  Devonshire  origin  over  the  area 
surrounding  those  rocks  in  place. 

If  the  red  granite  cannot  have  been  derived  from  Dartmoor, 
where  there  are  some  beds  of  that  colour,  or  beds  which  would 
probably  in  similar  circumstances  become  of  that  deeper  oolour  on 
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the  outside — if  the  felsite  cannot  be  a  harder,  more  solid  fragment 
of  the  Bittadon  vein — and,  further,  if  they  cannot  have  been  derived 
from  known  or  inferred  submarine  bosses  of  rock  ♦,  which  some 
believe  furnished  many  of  the  boulders  dredged  up  on  the  south 
coast  of  Devon  and  Cornwall ;  if  the  great  boulder  of  red  granite 
on  the  shore  below  Saunton  Down  must  be  identified  with  some 
Scotch  rock,  and  if  the  block  of  dark  grey  felsite  should  be  referred  to 
one  of  the  Arenig  porphyries — tbat  is  on  the  hypothesis  that  these 
are  north-country  boulders — must  we  assume  local  glacial  action 
to  account  for  their  occurrence  where  we  now  find  them  ?  and  if  not, 
what  explanation  can  we  offer  of  their  being  found  in  that  district 
ataU? 

That  they  owe  their  present  position  on  the  jagged  rocks  of  the 
coast  and  under  the  ancient  beach  to  the  action  of  the  waves  of  a 
sea  at  about  the  same  level  as  at  present  seems  almost  certain^ 
because  there  they  lie  half  buried  in  the  shingle  recently  thrown  up 
by  the  sea,  and  blocks  as  large  are  hurled  by  the  waves  to  much 
higher  levels  in  many  of  the  creeks  and  coves  around  the  coast  t; 
but  where  did  the  waves  pick  them  up  ? 

A  glance  at  the  map  will  show  that  the  district  in  question  is 
just  in  the  line  of  advance  of  the  great  tongue  of  ice  that  crept 
along  the  west  coast  of  Scotland  and  the  Lake  District,  and  abutting 
against  the  ice-dad  coast  of  North  Wales,  was  held  back  by  it,  so 
that  it  was  forced  to  turn  round  by  Chester  on  the  east  and  Anglesey 
on  the  west.  Part  of  its  terminal  moraine  ought  to  be  found  in  the 
Irish  Sea — at  any  rate,  bergs  from  it  must  have  floated  off  into  the 
Irish  Sea ;  and  there  is  nothing  improbable  in  the  idea  that  many  a 
half-melted  mass  stranded  off  the  coast  of  Devon  and  left  boulders 
strewn  over  the  sea-bottom  around.  That  the  boulders  were  not 
dropped  during  a  period  of  submergence  where  now  found  is  shown 
by  our  never  finding  any  masses  of  drift,  but  only  isolated  blocks, 
and  they  all  look  sea-worn.  Nor  were  they  carried  ashore  on  bergs, 
because  they  are  close  up  to  a  wall  of  solid  rock  where  a  berg  could 
not  have  floated  them. 

Of  course  we  must  not  attach  any  great  weight  to  the  fact  that 
they  have  no  glacial  markings,  as  we  only  see  them  at  all  because  the 
waves  have  washed  away  the  surrounding  sand  and  shingle,  and 
that  might  have  obliterated  the  striae ;  but  I  think  that  any  one  who 
examines  the  blocks  will  allow  that  it  is  improbable  that  such  is  the 
explanation  of  the  absence  of  all  traces  of  ice-action.  However, 
I  will  not  lay  much  stress  on  this  point. 

Mr.  Townshend  HaU  records  some  boulders  with  grooves,  though 
they  do  not  seem  to  have  commended  themselves  to  him  as  un- 
doubtedly of  glacial  origin.     If  these  were  striated  blocks,  they  still 

*  Smeatofhy  *  A  NarratiTe  of  the  Building  and  a  Description  of  the  Con- 
struotion  of  the  Eddystone  Lighthouse  with  Stone/  1813. 

Godrnn-Atutmy  Quart.  Joum.  Geol.  Soc.  vol.  zL  1855,  p.  532 ;  ibid.  yol.  zii. 
1856,  p.  38. 

Prideaux,  Tram.  Plymouth  Inst.  1860,  p.  40. 

PengeUy,  Trans.  DeTon.  Assoc.  &c.  toL  ix.  1877,  p.  182. 

t  See  Came,  Trans.  B.  GeoL  Soc.  Cornwall,  vol.  lii.  1828,  p.  222  etseq. 
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might  have  been  thrown  up  by  the  sea  under  existing  conditions  of 
levels  &c.  Many  boulders  may  be  seen  along  the  coast  of  North 
Wales  and  Anglesey,  washed  out  of  drift  and  knocked  about  along 
the  coast  for  a  considerable  distance  before  they  have  the  traces  of 
ice-grooving  entirely  rubbed  out. 

On  the  whole,  then,  T  would  thus  sum  up  the  evidence : — 
The  ancient  beach  of  Saunton  Down  and  Croyde  is  not  a  raised 
bench.    The  top  is  subaerial  talus,  the  middle  part  blown  sand,  the 
base  only  marine ;  and  the  marine  part  is  not  above  the  reach  of 
the  waves  of  the  sea  at  its  present  level. 

The  boulders  of  granite  and  felsite  which  occur  at  the  base  of  the 
ancient  beach  were  transported  to  their  present  position  by  the 
waves  of  the  sea.  Such  as  are  of  local  origin  could  have  reached 
the  sea  by  the  ordinary  process  of  denudation ;  such  as  are  possibly 
of  northern  origin  could  have  been  carried  down  the  Irish  Channd 
on  bergs  and  been  thrown  up  by  the  sea  to  where  they  would  lie 
at  any  period  subsequent  to  their  being  transported  south  by  ice, 
but  they  do  not  in  themselves  imply  any  local  glaciation. 
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46.  IT0TE8  on  ihe  Fobication  of  Coal-sbahs,  as  suggested  hy  evident 
collected  diiefiy  in  ihe  Leicbstebshibe  and  South  Debbtbhibb 
Coal-fields.  By  W.  S.  Gbebiet,  Esq.,  F.G.S.  (Bead  June 
23, 1887.) 

[Abridged.] 

]>£ T  principal  object  in  this  paper  is  to  bring  forward  evidence  in 
opposition  to  the  view  now  generally  accepted  that  coal-seams 
were  formed  from  vegetation  which  grew  on  the  spot. 

It  seems  to  me  that  the  grovfth-4n'situ  theory  has  been,  or  is  still, 
held  by  the  majority  of  those  who  have  considered  or  written  upon 
the  question  to  be  tlie  right  one,  partly  because  the  accumulation  of 
the  vegetable  matter  of  coal-beds  by  driftage  appears  to  be  totally 
beyond  our  comprehension,  and  partly  (probably  chiefly)  because  we 
have  been  told  and  led  to  believe  that  tbe  underclays  of  coal-seams 
contain  the  Stigmarias  which  were  the  very  roots  of  the  trees  the 
remains  of  which  constitute  the  bulk  of  the  coal. 

During  an  extensive  experience  in  the  midland  district  in  connexion 
not  only  with  coal-mining,  but  also  with  the  working  of  the  underbeds, 
the  fireclays,  both  underground  and  in  opencast  workings,  I  have 
had  unusual  opportunities  of  studying  the  relationship  of  the  coad- 
fleams  to  the  underbeds,  their  fossil  contents,  &c. 

The  various  points  for  consideration  may  be  taken  as  under : — 

a.  The  relation  of  the  fireclays  to  the  coal-seams. 

6.  Mode  of  occurrence  of  Stigmaria  in  underbeds.] 

e.  Erect  fossil  tree-stems  with  attached  roots. 

d.  Lamination  of  coal-beds. 

e.  The  presence  of  boulders  &c.  in  the  underclays. 
/.  The  foreign  bodies  in  coal-beds. 

g.  Marine  fossils  associated  with  coal-seams,  brine,  &o.     . 

a.  It  must  not  be  concluded,  because  almost  every  coal-seam 
rests  upon  a  stratum  partaking  more  or  less  of  the  nature  of  a  fire- 
day  and  enclosing  Stigmarias  and  other  root-like  fossils,  that  such 
beds  do  not  occur  in  other  positions  in  the  coal-measures ;  for  the  fact 
is  that  they  very  frequently  occur  lying  immediately  on  the  top  of  a 
coal-seam,  sometimes  wholly  removed  from  coal ;  or  they  may  occur 
as  very  thin  layers,  often  very  irregular  and  locally  distributed, 
entirely  enveloped  in  the  coal.  The  thickness  of  an  underclay  bears 
no  proportion  whatever  to  that  of  the  coal-seam  resting  upon  it. 
The  tMckest  coal-beds  often  rest  upon  the  thinnest  clays,  and  the 
greatest  development  of  fireclay  will  be  followed  by  the  most  meagre 
of  coal-seams.  I  have  also  found  it  to  be  almost  invariably  the  case 
that  where  underclays  come  in  contact  with  coal-seams  there  is  a 
sharp  dividing  line,  a  true  bedding-plane,  between  the  two ;  we  do 
not  find  the  clay  gradually  changing  upwards  into  coal,  but  the 
change  from  one  to  the  other  is  most  distinct,  in  fact  the  plane  of 
stratification  is  often  quite  a  smooth  one.  Precisely  the  same  cha- 
racteristic obtains  in  the  case  of  laminae  of  clay  running  through  the 
body  of  a  coal-seam,  ^.  e,  where  coal  and  clay  are  interstratified. 
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h.  My  experience  Ls,  that  a  considerable  proportion  of  the  under- 
beds  do  not  contain  Stigmaria-Toois  at  all ;  but  that  they  seldom  fall 
to  reveal  the  presence  of  thin  grass-like  fossil  markings,  I  admit. 

Very  frequently  the  bed  next  below  the  underbed  is  crowded  with 
Stigmarice^  though  not  more  so  towards  the  upper  than  in  the  lower 
part.  In  Stigmaria-he^  next  but  one  below  a  coal-seam  I  have 
noticed  several  examples  of  that  fossil  standing  erect,  in  a  manner 
showing  them  to  have  been  in  all  probability  independent  organisms* 
But  when  Stigmarice  occur  in  the  underclays  the  result  of  my  inves- 
tigations shows  that  they  do  not  pass  upwards  into  the  ooal.  Only 
once  or  twice  have  I  detected  anything  like  such  fossil  roots  running 
from  the  coal  into  the  clay  below  *,  and  therefore  my  oondufiion  is 
that  instances  of  this  phenomenon  are  exceedingly  rare.  On  refer- 
ring to  the  writings  of  Binney,  Brown,  Dawson,  De  la  Beche,  Green, 
Hawkshaw,  Lesquereux,  Logan,  Lyell,  Macfarlane,  Nicholson,  Wil- 
liamson, and  others,  I  have  failed  to  discover  in  them  one  single 
description  of  an  actual  bond  fide  erect  fossil  tree  with  its  Stigmarian 
roots  attached  to  it  and  imbedded  in  the  uTuf^rc^y, whilst  the  stem  en- 
tered or  passed  through  the  overlying  coal-seam.  Now,  surely  if  coal- 
beds  have  been  formed  from  trees  and  other  plants  whose  roots  grew 
in  or  penetrated  the  underclays  or  so  called  '^  old  soils,"  unmistakable 
indications  of  their  former  existence  ought  to  be  present  in  great 
abundance ;  these  roots  must  also  have  been  more  thickly  matted 
together  the  nearer  they  approached  the  coal ;  and  instead  of  there 
being,  as  there  is,  a  most  distinct  break  between  the  base  of  a  coal- 
seam  and  the  underbed,  we  should  expect  to  find  the  one  gradually 
changing  into  the  other,  as  is  so  frequently  exemplified  in  the 
junction  of  a  peat-bed  with  the  clay  below  it,  where  the  roots  can 
be  clearly  seen  communicating  with  the  vegetable  mass  above. 
Had  instances  of  Stigmaria  actually  trending  from  the  coal  into  the 
underbed  been  met  with,  we  should  undoubtedly  have  been  long  since 
famished  with  exact  particulars,  locality  &c.,  of  such  discoveries  f. 
Stigmaria  ficoides J  then,  so  far  as  my  investigations  have  gone,  doee 
not  occur  in  the  underclays  as  the  fossil  root9  of  ireeSy  but  rather, 
it  would  seem,  as  plants  sui  generis, 

e.  It  would  seem  that  the  very  significant  fact  of  erect  fossil  tree- 
stems  with  Stigmaria-Toota  attached  in  situ  being  of  so  exceedingly 
rare  occurrence  just  where  they  ought  to  be  most  common,  namely, 
immediately  below  the  bottom  of  a  coal-seam,  must  obviously  upset 
the  theory  which  has  been  based  upon  the  inference  that  because  coal 
is  probably  largely  made  up  of  the  remains  of  forest  trees  whose  roots 

*  At  the  fireclay  mines  of  Messn.  Ensor  &  Co.,  on  Ashby  Wolds ;  also  at 
Aldridge  Colliery,  Walsall,  where  I  am  informed  th&t  Stigmaria  penetrated  a 
ooal-seam  and  extended  into  the  floor  below.  The  roots  in  this  instance  pro- 
ceeded from  an  erect  fossil  stem  standing  upon  a  3-foot  bed  of  coal. — W.  S.  Q. 

t  Moreover,  eren  supposing  for  a  moment  that  the  roota  of  the  coal-forest 
trees,  &c.,  did  really  grow  in  the  underbeds,  by  what  possible  subsequent  process 
can  all  the  carbon  have  become  concentrated  at  one  exact  level,  namely,  where 
the  clay  ceases  and  the  coal-senm  begins  ?  Not  a  single  example  of  a  fossil  tree 
(so  far  as  1  know)  has  ever  been  met  with  in  which  the  roots  were  compoaed 
of  day  or  shale,  and  the  stump  of  ooal. 
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axe  the  Stigmaria^  it  is  almost  proof  positive  that  these  trees  grew 
on  the  spot,  because  we  find  the  same  kind  of  fossils  in  the  nnderclays. 
When  erect  fossil  stems  or  stools  of  trees  are  met  with,  they  are 
generally  either  resting  npon  or  at  no  great  distance  above  the  tops 
of  coal-beds,  though  the  largest  and  most  perfect  examples  of  such 
fossils  have  occurred  in  beds  far  removed  from  coal  *.  The  absence 
of  them  in  the  underclays  is  conclusive  evidence  that  they  very 
seldom  if  ever  grew  there ;  and  the  fact  of  their  very  rare  occurrence 
in  the  coal  itself  further  strengthens  the  argument  against  a  growth" 
ifirsitu  formation  of  coal,  at  all  events  from  trees.  And  when  we 
find,  as  we  do,  impressions  of  the  bark  of  large  trees  upon  the  base 
of  a  coal-seam  next  to  the  underday,  it  is  clear  that  the  vegetable 
matter  was  transported  from  a  distance. 

d.  Does  a  vertical  section  of  a  coal-seam  afford  any  clue  to  the 
way  in  which  it  was  accumulated  ?  It  seems  to  me  that  when  we 
find  that  the  structure,  from  top  to  bottom,  is  strictly  a  laminated  one,. 
that  every  layer,  division,  "  bench,"  or  what  not,  and  every  line  or 
film  observable  in  the  "  grain  "  of  coal  lies  parallel  to  the  plane  of 
the  seam,  there  is  not  a  tittle  of  evidence  that  the  coal-forming  plants 
grew  on  the  spot.  Take  a  sample  of  coal  from  whatever  locality  you 
will,  and  from  any  part  of  any  coal-seam,  and  its  characteristic 
grain  or  laminae  will  be  seen  if  carefully  looked  for.  I  have  never 
yet  in  all  my  experience  detected  or  heard  of  more  than  one  or 
two  upright  forms  of  fossil  stems  (?)  in  coal ;  and  I  maintain  that 
if  trees  grew  in  large  quantities  where  the  coal-beds  now  are,  their 
erect  remains  would  have  materially  interfered  with  the  parallelism 
of  the  coal  as  existing.  That  pre-existiDg  interruptions  in  this 
universal  lamination  can  have  since  been  obliterated  by  pressure  or 
by  metamorphism  seems  highly  improbable.  The  growth-iiv-Htu 
difficulty  would  also  seem  to  be  increased  when  we  bear  in  mind  that, 
spreading  over  very  large  areas  of  some  of  our  coal-fields  (measured  by 
square  miles  in  extent),  there  are  conspicuous  and  comparatively  thick 
layers  of  spore-coal,  consisting  almost  wholly  of  macrospores,  every 
one  of  which  lies  horizontally.  Where,  it  must  be  asked,  are  the 
remains  of  the  stumps  of  the  trees  from  whose  branches  these  myriads 
of  seeds  or  seed-cases  were  shed  ?  A  satisfactory  explanation  of  the 
cause  or  origin  of  the  perfect  lamination  of  coal,  and  of  the  phe- 
nomena of  '*  partings  "  or  distinct  bedding-planes  by  which  so  many 
seams  of  coal  are  divided  and  subdivided,  and  of  the  insinuation  of 
thin  layers  of  clay  into  the  seams,  has  yet  to  be  given. 

e.  Occurring  occasionally  in  some  of  the  underclays  in  Leicestershire 
and  South  Derbyshire  are  well-worn  boulders  and  pebbles  of  quartzite 
and  quartz  which  have  been  transported  from  a  distance  f. 

But  besides  boulders  and  the  fossil  Sttgmarice,  the  fireclays  some- 
times contain  fragments  of  the  stems  of  tree-ferns,  leaves,  and  other 
plants  of  a  peculiar  nature ;   Anthracosias  also  have  been  noticed 

*  I  refer  particularly  to  the  **  fossil  trees  "  recently  found  at  Clayton  and  at 
Bradford,  Yorks.— W.  S.  G. 

t  In  the  underbed  of  the  Coalburg  seam  in  West  Virginia,  U.S.A.,  rounded 
qoartz-boulders  haye  been  found. 
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associated  with  Stigmaria  between  two  coaj-seams  *.  And  tiias  it 
wonld  appear  that  the  underclays  were  probably  not  the  old  land- 
surfaces  which  supported  the  coal-forests,  but  were  true  aqueous 
deposits. 

/.  ActuaUy  imbedded  in  coal  itself  have  been  found  numerous 
quartzite  boidders  very  similar  to  those  found  in  the  underclays,  and 
these  have  turned  up  in  many  parts  of  England  as  well  as  on  the 
continent.  Other  foreign  bodies  in  coal-seams  consist  of  the  remains 
of  aquatic  mollusca,  fish,  &c.  t. 

g.  That  marine  conditions  prevailed,  if  not  during  the  accumulation 
of  many  of  our  coal-beds,  certainly  immediately  afterwards,  is  clear 
from  the  abundance  in  the  roof-shales  of  the  seams  of  fossils 
which  must  have  had  a  salt-water  habitat,  and  also  from  the  fact 
that  brine  is  so  frequently  met  with  in  the  pores  of  the  coal  itself  j^. 

In  conclusion,  then,  my  contention  is,  that,  notwithstanding  all  that 
has  been  written  on  the  coal-question,  up  to  the  present  time  no 
facts  have  been  brought  forward  which  can  in  any  way  show  that 
the  plants  forming  coal-seams  actually  grew  in  situ,  but  that  what 
evidence  we  do  possess  decidedly  favours  a  drift-  or,  at  all  events, 
an  aqueous  origin. 

*  At  Coleorton  OoUieiy.  near  Aahby  de  la  Zouch,  the  author  found  this  ahefl. 
between  the  "Lount  Middle''  and  the  "Lount  Nether'*  ooal-aeams. 

t  From  the  "  Main,"  the  "  Cannel,"  and  other  seams  of  the  LeioestershirB 
coal-field. 

X  The  "Main"  coal-seam  of  Moira,  in  the  LeioeBterahire  coal-field. 
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47.  FusTHEB  Obsebyatioits  upon  Htpebodapedok  GoBDoin. 
By  Prof.  T.  H.  Huxley,  F.R.S.,  F.G.S.     (Read  May  11, 1887.) 

[Platbs  XXVL  &  XXVIL] 

It  is  now  twenty-nine  years  since,  in  describing  those  remains  of 
Stagonolepis  RoherUoni  from  the  Elgin  Sandstones  which  enabled 
me  to  determine  the  reptilian  nature  and  the  crocodilian  affinities 
of  that  supposed  fish,  I  indicated  the  occurrence  in  the  same  beds 
of  a  Lacertilian  reptile,  to  which  I  gave  the  name  of  Hyperodapedan 
Oordoni,  I  laid  stress  upon  the  *'  marked  affinity  with  certain 
Triassic  reptiles  "  (e.  g.  Rhynchosaurua)  of  Hyperodapedon,  and  I 
said  that  these,  "  when  taken  together  with  the  resemblance  of 
Stagonolepis  to  Mesozoic  Crocodilia,"  led  me  *'  to  require  the  strongest 
stratigraphical  proof  before  admitting  the  Falseozoic  age  of  the  beds 
in  which  it  occurs ''  *. 

Many  Fellows  of  the  Society  will  remember  the  prolonged  dis- 
cussions which  took  place,  in  the  course  of  the  ensuing  ten  or  twelve 
years,  before  the  Mesozoic  age  of  the  reptiliferous  sandstones  of 
Elgin  was  universally  admitted.  Hyperodapedon  was  destined  to 
play  no  inconsiderable  part  in  the  controversy.  Some  ten  years 
after  the  discovery  of  the  original  specimen,  remains  referable  to 
the  same  genus  were  found  in  strata  of  unquestionably  Triassic  age 
in  Central  and  Southern  England;  and,  about  the  same  time,  I 
received  abundant  evidence  of  the  occurrence  of  Hyperodapedon^ 
associated  with  Dicynodonts,  Crocodilia,  and  Labyrinthodonts,  in 
certain  Indian  rocks  which,  on  other  grounds,  were  strongly  sus- 
pected to  belong  to  the  oldest  Mesozoic  series.  An  account  of  these 
new  materials,  together  with  a  full  description  of  the  original  speci- 
men of  Hyperodapedon^  was  read  before  the  Society  and  published 
in  the  '  Quarterly  Journal'  for  1869  f. 

Unfortunately  the  type  specimen,  now  in  the  Elgin  Museum,  was 
in  very  bad  condition ;  and  though,  by  careful  study  of  the  fossil 
itself,  it  was  possible  to  make  out  all  the  most  important  features 
of  the  skeleton,  the  work  of  the  artist  employed  to  figure  it  turned 
out  so  unsatisfactory,  that  I  abstained  from  publishing  the  two 
plates  which  were  prepared  for  the  Memoirs  of  the  Geological  Survey, 
thinking  it  wiser  to  wait  until  better  materials  should  make  their 
appearance.  My  discretion  has  been  justified  by  the  event,  as  a 
second  specimen,  of  almost  exactly  the  same  dimensions  as  the  first, 
was  discovered  in  the  Lossiemouth  Quarries,  and  became  the  pro- 
perty of  the  British  Museum  some  time  ago.  It  has  been  worked 
out  with  a  skill  which  my  old  experience  of  the  nature  of  the  matrix 
of  these  Elgin  fossils  enables  me  fully  to  appreciate,  by  Mr.  Hall, 
and  my  friend  Dr.  Woodward  has  been  so  good  as  to  place  it  in 
my  hands  for  description. 

•  Quart.  Journ.  Geol.  Soo.  Yol.  xr.  1869,  p.  460. 

t  "  On  Hyperodapedon;'  Quart  Journ.  Qeol.  Soc.  1869,  vol.  xxv.  p.  138. 
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I  am  glad  to  be  able  to  Bay  that,  so  far  as  it  goes,  the  account 
of  the  structure  of  the  skeleton  of  Hyperodapedon  which  I  gave  in 
1869  needs  oo  correction ;  but  the  new  material  enables  me  to 
make  large  and  important  additions.  Moreover,  several  specimens 
of  Bhynehoaaurus  articepg  in  the  Faheontological  Collection  of  the 
British  Museum  render  it  possible  to  make  a  full  comparison  of 
Bhynchosaurus  with  Hyperodapedon,  and  to  put  an  end  to  any  doubts 
which  may  have  been  entertained  as  to  the  generic  distinction  of 
the  two.  EinaUy,  the  full  evidence  now  accessible  permits  us  to 
obtain  a  dear  view  of  the  relations  of  both  these  extinct  genera 
with  the  recent  Sphenodon,  a  point  to  which  I  drew  particular 
attention  in  1869  *.  These  relations,  both  of  resemblance  and  of 
difference,  are  so  interesting  and  important,  in  fact,  that  I  shaU  give 
my  account  of  Hyperodapedon  mainly  in  the  form  of  a  comparison 
between  that  genus  and  Sphenodon, 

The  present  specimen  of  Hyperodapedon  Oordoni  has  been  exposed 
by  the  splitting  of  a  large  block  of  sandstone  into  two  slabs,  along  a 
plane  which  corresponds  roughly  with  that  of  the  imbedded  skeleton. 
I  have  no  information  respecting  the  relative  position  of  these  slabs 
in  the  rock  before  it  was  quarried  ;  but,  supposing  that  slab  which 
contains  the  larger  part  of  the  skeleton  and  the  entire  skull  to  have 
been  uppermost,  the  animal  lay  flat  upon  its  belly  with  its  limbs 
standing  out,  very  much  as  those  of  a  dead  Lizard  ordinarily  do,  when 
it  was  buried  in  the  sands  of  the  Elgin  shore.  The  skull,  the  verte- 
bral column  as  far  as  the  root  of  the  tail,  slightly  curved  towards 
the  right  side,  almost  the  whole  of  the  bones  of  the  left  (and  part 
of  the  right)  fore  limb,  with  those  of  the  right  hind  limb,  are  pre^ 
served  in  almost  their  natural  relations. 

The  following  table  gives  a  view  of  the  actual  dimensions  of 
Hyperodapedon  and  of  the  proportions  of  its  parts  compared  with  a 
specimen  of  Sphenodon : — 

Measurements^  in  millimetres, 

Hyperodapedon,  Sphenodon, 

Total  length (Probably  over  2000)     460 

End   of  premaxilla   to   end  of 

second  sacral  vertebra 900  208 =(4-5  : 1) 

Skull,  end  of  premaxilla  to  edge 

of  occiput 160  55=(3  : 1) 

Skull,  greatest  breadth  of  the 

occipital  region     210  34=(7 : 1) 

Total    length     of    humerus  + 

radius    210  56=(4:1) 

Total  length  of  femur + tibia  ..     200  66=(3:1) 

Supposing  the  tail  of  Hyperodapedon  to  have  been  as  long  in  pro^ 

portion  as  that  of  Sphenodon^  this  specimen  will  have  had  a  length 

of  between  six  and  seven  feet,  or  rather  more  than  four  times  as  long 

as  the  specimen  of  Sphenodon,    Hence  it  would  appear  that  the 

♦  Loc,  cU.  p.  147. 
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«knll  and  the  hind  limbe  were  relatively  shorter  in  the  extinct  reptile, 
hnt  otherwise  it  must  have  had  much  the  general  aspect  of  its  New- 
Zealand  ally — only,  as  I  shall  have  occasion  to  point  out  more  fully 
hy-and-hy,  the  skull  was  relatively  much  broader  and  more  massive 
and  the  feet  were  shorter  and  stouter  in  Hyperodapedon, 

There  are  certainly  23  prsesacral  vertebrae  in  Hyperodapedon^ 
perhaps  24,  but  I  think  not  more ;  Sphenodon  has  25.  In  both 
genera  there  are  two  sacral  vertebrse. 

In  the  first  specimen,  such  of  the  thoraco-lumbar  vertebrsB  as  were 
preserved  were  split  through  the  middle  vertically  and  longitu- 
dinally. The  sections  of  the  centra  showed  that  they  were  well- 
ossified  throughout,  and  they  appeared  to  be  terminated  by  slightly 
concave  contours*  In  the  present  specimen,  the  ventral  faces  of  the 
cervical,  and  of  some  of  the  anterior  thoracic,  vertebrsB  are  exposed 
and  are  almost  uninjured ;  but  from  that  which  I  reckon  to  be  the 
13th  (though  it  may  be  the  14th)  to  the  20th,  they  are  split  horizon- 
tally and  longitudinally,  the  dorsal  halves  lying  in  the  upper  slab 
and  the  ventral  halves  in  the  lower.  The  2l8t,  22nd,  and  23rd  are 
similarly  split,  but  they  are  much  injured.  Now  the  ends  of  several 
of  these  centra,  notably  the  13th,  14th,  18th,  and  20th,  present 
a  sectional  contour,  which  in  front  is  more  or  less  convex ;  while 
behind  it  is  similarly  concave.  The  anterior  ends  of  the  centra 
of  the  4th  (cervical)  vertebra  and  of  the  10th  and  11th  (thoracic) 
vertebrsa  appear  to  be  strongly  convex  from  side  to  side  and  their 
posterior  faces  correspondingly  concave.  Combining  these  appear- 
ances with  those  seen  in  the  longitudinal  section,  I  can  only  suppose 
that  the  surfaces  must  have  been  slightly  cylindroidal,  convex  from 
side  to  side  in  front,  and  concave  in  the  same  direction  behind ; 
and  thus  that  they  approximated,  though  very  distantly,  to  those  of 
ordinary  birds. 

The  remains  of  the  slightly  displaced  atlas  (Plate  XXVI.  fig.  7) 
are  seen  immediately  behind  the  skull.  It  has  the  form  of  a  ring 
26  millim.  wide  and  20  millim.  in  vertical  height.  Traces  of  the  os 
odontoideum  are  visible  immediately  in  front  of  the  ventral  portion 
of  the  ring,  which  lies  horizontally,  with  its  ventral  region  turned 
backwards.  The  front  half  of  the  second  cervical  vertebra  is 
broken  away,  but  its  centrum  appears  to  have  been  about  20  millim. 
long.  The  ventral  fiaces  of  the  third  and  fourth  are  well  displayed. 
Each  is  about  20  nullim.  long  and  17  millim.  wide  at  the  ends, 
but  not  more  than  13  millim.  at  the  middle.  On  each  side  of 
the  anterior  end  a  short  broad  tubercle,  which  represents  the 
transverse  process,  is  developed.  I  can  find  no  indication  of  the 
existence  of  intercentral  ossifications.  Each  vertebra  possesses  a 
pair  of  strong  ribs  (Plate  XXVI.  ^g,  8).  These  lie  at  the  sides 
of  the  centra  of  the  vertebrse  and  parallel  with  their  length ;  so  that, 
at  first  sight,  the  cervical  region  has  a  crocodilian  look.  The  firot 
rib  on  the  right  side  is  well  seen.  It  is  a  straight  styliform  bone, 
40  millim.  long  and  3  millim.  wide.  On  its  dorsal  side,  and,  more 
or  less  hidden  by  it,  lies  the  second  rib,  the  remains  of  which  have 
about  the  same  width  and  length.    However,  neither  of  these  ribs 
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IB  complete  at  its  extremities.  The  right  rib  of  the  third  cervical 
vertebra  is  38  millim.  long  and  10  millim.  wide  at  its  head,  but  it 
gradually  tapers  to  a  point  at  its  ventral  end.  The  fourth  cervical 
vertebra  has  a  rib  of  similar  dimensions,  but  curved  somewhat  in 
the  shape  of  an  italic  /.  This  great  development  of  all  the  anterior 
cervical  ribs  is  a  point  of  contrast  between  Byperodapedon  and  Sp7i&- 
nodon^  in  which  last  only  rudiments  of  such  ribs  are  discoverable. 

The  fifth  cervical  vertebra  is  almost  completely  hidden  under  the 
shoulder-girdle,  behind  which  a  vertebra  makes  its  appearance, 
which  I  take  to  be  the  9th,  though  it  may  be  the  10th.  The  cen- 
trum  of  this  vertebra  is  20  millim.  long,  25  millim.  wide  between 
the  ends  of  the  transverse  processes  in  front,  and  1 7  millim.  wide 
in  the  middle  of  its  length ;  and  the  centra  of  the  three  vertebr»  which 
follow  it  have  similar  dimensions  and  appear  to  have  concave  posterior 
faces.  These  vertebrae  have  strong  but  short  transverse  processes. 
That  of  the  11th  vertebra,  on  the  right  side,  shows  a  rounded  surface 
for  the  articulation  of  the  head  of  the  rib.  The  vertebral  end  of  this 
rib  is  also  weU  displayed ;  it  is  broad,  measuring  20  millim.  from  its 
dorsal  to  its  ventral  margin,  which  is  concave  and  thick,  while  the 
dorsal  margin  is  thinner  and  convex  (Plate  XXYI.  fig.  9).  The 
vertebral  end  of  a  simUar  rib  is  risible  on  the  right  side,  close  to  the 
16th  vertebra,  and  there  are  less  well-preserved  remains  of  others* 
These  ribs  are  very  similar  to  the  corresponding  ribs  of  Sphenodon^ 

Nearly  the  whole  length  of  the  rib  which  belongs  to  the  12th  or 
Idth  vertebra  is  shown ;  it  is  about  12  millim.  broad,  flattened 
and  truncated  at  the  sternal  end ;  it  measures  153  millim.  along 
the  chord  of  the  arc  of  its  curvature.  The  vertebral  end  is  not 
completely  exposed. 

A  thin  flat  plate  of  bone,  20  millim.  long  by  14  millim.  wide,  is 
seen  on  the  right  side,  overlying  the  remains  of  two  vertebral  ribs, 
opposite  the  14th  vertebra.  I  suspect  that  this  is  a  *' processus 
uncinatus  "  such  as  those  which  occur  in  Sphenodon,  The  position 
of  the  skeleton  is  unfavourable  for  showing  such  bones,  if  they  were 
preserved,  and  they  would  readily  become  detached.  Portions  of 
eight  ribs,  in  undisturbed  series,  corresponding  to  the  vertebra  from 
the  18th  to  the  22nd  inclusively,  are  seen  on  the  right  side.  It  is 
possible  that  these  may  be  the  ends  of  vertebral  ribs  ;  but  I  incline  to 
the  supposition  that  they  are  sternal  ribs,  because  the  inner  trun- 
cated end  of  each  is  in  close  relation  with  a  bundle  of  Ave  or  six  lateral 
abdominal  ossicles,  of  which  the  central  ossicles  in  each  bundle  are 
nearly  straight,  while  the  anterior  and  posterior  describe  elliptical 
curves.  If  these  are  really  sternal  ribs,  they  are  very  different,  in 
form,  from  those  of  Sphenodan*,  It  is  by  no  means  easy  to 
arrive  at  a  clear  notion  of  the  nature  and  arrangement  of  the  abdo- 
minal ossicles,  which  extend  over  the  ventral  surface  between  the 
sternum  and  shoulder-girdle  in  front,  and  the  pelvis  behind.  In 
front  there  is  an  area  covered  by  ossicles  of  a  Y  shape,  the  point 

*  Dr.  Baur  has  stated  that  the  abdominal  ossides  of  Sphenodon  are  oon- 
nected  by  ligament  in  pain  with  the  sternal  ribs,  but  I  have  not  yet  been  able 
to  satisfy  myself  of  the  fact 
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of  the  Y  being  turned  forwards.  The  most  anterior  two  of  these 
are  4-6  miUim.  broad  in  the  middle ;  but,  behind,  they  become 
narrower  in  the  middle  and  taper  off  to  mero  threads  of  bone  at 
their  enter  and  posterior  ends.  This  area  of  Y-shaped  ossicles  can 
be  traced  back  for  90  millim.  and  is  fully  120  millim.  wide.  Between 
the  15th  and  ^Oth  vertebrae,  narrow  and  nearly  straight  bands  of 
bone  appear  to  extend  across  the  abdominal  wall,  and  either  to  end 
in,  or  be  connected  with,  the  lateral  ossicles  already  mentioned. 
The  width  of  the  area  occupied  by  the  abdominal  ossicles,  in  this 
region,  is  not  less  than  220  millim.  In  front  of  the  right  pubis 
there  are  three  broad  curved  plates,  the  inner  ends  of  which  turn 
forwards,  and  which  fill  up  the  space  between  the  prffipubic  process 
and  the  position  which  would  be  occupied  by  the  epipubic  cartilage, 
if  such  existed.  The  posterior  abdominal  ossicles  in  Crocodiles  are, 
as  is  well  known,  closely  connected  with  the  pubis.  SjpJienodon 
requires  re-examination  in  relation  to  this  point. 

The  sacral  vertebrsB  are,  unfortunately,  much  injured ;  but  the 
centrum  of  the  first  (Plate  XXYI.  fig.  10)  appears  to  be  amphi- 
ccelous,  the  convex  posterior  face  of  the  2drd  (or  24th)  centrum 
fitting  into  it  in  front,  and  the  convex  anterior  face  of  the  second 
sacral  fitting  into  it  behind. 

The  rib  of  the  first  sacral  vertebra  measures  18  millim.  traoA- 
yersely,  and  its  expanded  outer  end  23  millim. 

In  the  form  of  the  articular  surfaces  of  the  centra,  in  the  great 
development  of  the  cervical  ribs,  and  in  the  absence  of  intercentral 
ossifications,  the  skeleton  of  the  trunk  of  Hyperodaped<m  departs 
from  Sphenodon  more  widely  than  in  any  other  particular. 

The  skull  has  been  completely  detached  from  the  matrix,  and  all 
its  most  important  characters  are  beautifully  displayed. 

Yiewed  from  above  (Plate  XXYI.  fig.  1),  its  contour  presents  the 
form  of  a  broad-based  isosceles  triangle.  The  base,  represented  by  the 
occipital  region,  measures  210  millim. ;  while  the  distance  from  the 
centre  of  that  region  to  the  rounded  apex,  formed  by  the  conjoined 
premaxillary  bones,  is  160  millim.  The  hinder  moiety  of  the  dorsal 
region  of  the  skuU  displays  the  great  supratemporal  fossae  (s.f),  which 
are  somewhat  rounded  (50  millim.  wide  and  58  millim.  long),  and  are 
separated  by  the  relatively  narrow  parietal  region  of  the  skull  (20 
millim.  wide),  which  presents  no  parietal  foramen.  In  the  front 
moiety,  the  orbits  {pr,\  of  a  half-oval  shape  (50  millim.  long  and 
30  millim.  wide),  are  separated  by  the  broad  frontal  portion  of  the 
skull,  which  is  40  millim.  wide.  In  front  of  these,  again,  and  of  the 
broad  and  short  nasal  bones,  is  the  single  anterior  nasal  aperture  (a.n), 
which  is  triangular,  with  the  apex  forwards,  and  is  20  millim.  broad 
by  24  millim.  long.  In  the  living  animal,  this  opening  would  have 
been  divided  into  two  by  the  nasal  septum ;  but,  no  doubt,  this  was 
entirely  cartilaginous,  and  hence,  in  the  fossil,  Uie  aperture  appears 
single.  Laterally,  it  is  bounded  by  a  strong  ascending  process  of 
each  premaxilla. 

In  this  respect  there  is  a  very  marked  difference  between 
Hyperodapedon  and  Sphenodon,    In  the  latter,  the  median  end  of 
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each  premaxilla  sends  up  a  broad  and  strong  process,  which,  united 
with  its  fellow,  ascends  in  front  of  the  nasal  septum  to  the  nasal 
bones,  and  thus  the  two  nasal  apertures  become  widely  separated  by 
bone.  Laterally,  on  the  other  hand,  the  premaxillae  are  united  with 
the  maxillse  by  a  short  process,  which  has  no  ascending  branch. 

In  HyperodapedoHj  as  in  Sphenoclon,  the  median  end  of  the  oral 
face  of  each  premaxilla  is  elongated  downwards  into  a  recurved 
process  (Plate  XXVI.  figs.  2,  3,  5,  r,p) ;  and  the  two  processes, 
closely  applied  together  by  their  inner  surfaces,  form  the  beak,  or 
rostrum,  in  which  the  upper  jaw  terminates.  In  SpTienodon^ 
these  rostral  processes  are  broad  and  flattened  from  before  back- 
wards. Their  broad  truncated  ends  descend  but  little  beyond 
the  dentary  edge  of  the  mandible,  when  the  mouth  is  shut,  and 
present  two  tooth-like  eminences.  Moreover,  their  inner  sides, 
closely  applied  through  the  greater  part  of  their  length,  diverge 
BO  as  to  leave  a  median  notch  below.  In  Hi/perodapedon,  the 
rostral  processes  are  thick  and  semicircular  in  section,  the  inner, 
mutually  applied,  sides  being  flat  and  the  outer  faces  convex.  Each 
tapers  to  its  extremity,  and  the  apices  of  the  two  are  conjoined  to 
form  the  sharp  conical  extremity  of  the  beak.  The  rostrum,  as  a 
whole,  is  much  more  curved  than  iu  Sphenodon^  and  descends  far 
lower  in  front  of  the  mandibular  symphysis.  There  is  no  dentary 
substance  upon  any  part  of  the  rostrum  of  Hyperodapedon ;  and  the 
Aspect  of  its  external  surface  leads  me  to  believe  that  it  was  coated 
with  a  homy  sheath. 

In  SpJienodon,  the  anterior  end  of  the  mandible  lies  altogether 
behind  the  broad  premaxillary  rostrum,  when  the  mouth  is  shut.  la 
Hyperodapedon^  on  the  contrary,  the  rostrum  is  received  between 
the  rostral  processes  of  the  mandible. 

The  lateral  view  of  the  skull  (Plate  XXVI.  fig.  2)  shows  that 
the  orbits  looked  more  upwards  in  Hyperodapedon  than  in  Sph^ 
nodon ;  the  lateral  temporal  fosssB  {Lt)  are  relatively  much  smaller 
and  have  a  very  peculiar  ear-like  contour,  while  the  bony  boun- 
daries of  these  parts  are  much  stronger.  In  Hyperodapedon,  1 
can  find  nothing  but  bone  in  the  region  which  should  be  occupied 
by  the  posttemporal  fossae.  The  contour  of  the  alveolar  edge  of 
the  maxilla  in  Sphenodon  is  slightly  convex  downwards  and 
slightly  concave  inwards.  In  Hyperodapedon^  the  contour  is  very 
strongly  convex  both  downwards  and  inwards,  and  this  feature, 
combined  with  the  great  length  and  recurvature  of  the  pre- 
maxillary rostrum,  confers  a  very  peculiar  aspect  on  the  skull 
(see  figs.  1  &  3,  p.  682). 

In  the  under  view  of  the  skull  of  Sphenodon  {^g,  6,  p.  683),  the 
maxillary  and  palatal  regions  present  little  difference  from  those  of  ordi- 
nary Lizards.  The  palatal  area  slowly  widens  from  before  backwards, 
and  its  maxillary  boundaries  are  slightly  concave  inwards.  Ilunning 
parallel  with  the  posterior  half  of  each  of  these  is  the  dentigerous 
ridge  of  the  palatal  bone,  bearing  a  single  series  of  some  seven  or 
eight  teeth,  which,  like  those  of  the  maxilla,  are  acutely  conicaL 
Between  these  and  the  posterior  maxillary  teeth  is  the  deep  groove 
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into  which  the  mandibular  teeth  are  received.  The  palatal  and 
maxillary  teeth  of  opposite  sides  are  separated  by  the  widest  part  of 
the  palatal  area,  formed  by  the  pterygoid  bones  in  the  middle,  and 
the  palatals  at  the  sides.  The  long  oval  posterior  nares  are  wide 
and  conspicuous,  occupying,  as  they  do,  the  greater  part  of  the  space 
between  the  anterior  end  of  the  palatal  series  of  teeth  and  the 
premaxillary  rostrum  (see  ^g.  6,  p.  683). 

In  Eyperodapedon  (Plate  XXYI.  fig.  3)  the  alveolar  edges  of  the 
mazillsB  describe  a  curve  which  is  strongly  convex  towards  the  middle 
line,  and  correspondingly  concave  outwards.  Their  posterior  ends  are 
very  far  apart,  but  in  the  anterior  halves  of  their  extent  they  approach 
80  closely  as  to  leave  only  a  narrow  palatal  area.  At  their  anterior 
ends  they  again  slightly  diverge.  Behind,  three  longitudinal  rows 
of  obtusely  conical  teeth  are  set  between  i^e  groove  for  the  man- 
dible and  the  outer  margin  of  the  maxilla,  but  only  one  of  these 
TOWS  is  continued  forwards  along  the  anterior  half  of  the  length  of 
the  maxilla  (see  fig.  4,  p.  683). 

The  space  included  between  the  mandibular  groove  and  the 
curved  posterior  boundary  of  so  much  of  the  dentigerous  area  of  the 
palatal  bones  as  is  left  visible  in  the  specimen  by  the  dislocated 
mandible  is  occupied  on  each  side  by  four  rows  of  obtusely  conical 
teeth,  which  take  a  direction  roughly  parallel  with  one  another  and 
with  the  series  of  maxillary  teeth.  Only  one  of  these  series  of  teeth 
is  continued  forward  alongside  of  the  single  part  of  the  series  of 
maxillary  teeth. 

The  palatal  bones  are  undistinguishably  united,  either  with  the 
pterygoids,  or  over  them,  in  the  anterior  narrow  part  of  the  palate, 
which  ends  in  a  semilunar  margin,  concave  forward.  The  space 
between  this  and  the  posterior  face  of  the  root  of  the  premaxil- 
lary beak  is,  for  the  most  part,  filled  by  a  broad  plate  of  bone 
which  represents  the  vomers.  The  posterior  nares  must  have  been 
very  smaJl ;  but,  on  the  left  side,  between  a  concave  edge  of  this 
vomerine  plate,  on  the  inner  side,  the  premaxilla,  in  front,  and  the 
maxilla,  externally,  there  is  a  small  aperture,  which  I  take  to  be  the 
posterior  nasal  opening  (Plate  XXVI.  fig.  3,p.n).  The  articular  con- 
dyles of  the  quadrate  bones  are  elongated  from  side  to  side,  and  present 
cylindroidal  surfaces.  They  lie  about  25  millim.  behind  a  vertical 
line  drawn  from  the  occiput,  when  the  roof  of  the  skull  is  horizontal. 

In  Sphenodon  (see  fig.  3,  p.  682)  the  rami  of  the  mandible  appear 
nearly  straight  in  the  greater  part  of  their  length,  both  in  the  lateral 
and  Ihe  ventral  aspects.  In  the  latter,  their  anterior  ends  present  a 
sudden  incurvature  towards  the  symphysis,  which  is  not  longer  than 
in  ordinary  Lizards ;  and,  as  in  them,  the  union  of  the  rami  is  effected 
by  ligament.  The  contours  of  the  alveolar  edges  of  the  rami  have 
an  upward  concavity,  which  is  so  slight  as  to  be  hardly  perceptible ; 
and,  viewed  from  above,  they  form  a  narrow  arch  with  nearly  straight 
sides.  The  inner  and  superior  angle  of  the  symphysial  end  of  each 
ramus  is  separated  by  an  interspace  from  its  follow,  above  the  sym- 
physis. The  surface  of  the  ramus  at  this  part  is  tooth-like  in 
aspect,  from  the  density  of  the  bone  of  which  it  is  composed. 
Externally,  just  where  the  bent  portion  of  the  ramus  passes  into  the 
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figs.  1--6. — JDiagrammaUe  viewt  of  ike  SIcuUs  of  Hyperodapedoo, 

proportions 

Fig.  1. — BkoU  of  Byperodapedon^  side  view. 


Pig.  2. — Incomplete  Skull  of  Shynehosattrtu^  side  yiew. 


Fig.  3. — Skull  of  Sphenodon^  side  view. 


Btraight  part,  there  is  a  strong  conical  tooth,  the  base  of  which  is 
imbedded  in  the  substance  of  the  ramus.  This  is  followed  bj  a 
series  of  distinct,  acutely  conical,  teeth  (also  ankylosed  to  the  jaw) ; 
these  increase  in  size  backwards  up  to  the  last  three,  which  gradu- 
ally diminish.  The  anterior  six  or  seven  of  these  teeth  are  very 
dose  set,  but  quite  separate. 

In  Hyperodapedoriy  the  mandibular  rami  are  extremely  massive,  and 
are  anl^losed  together  in  front,  throughout  their  long  symphysiB 
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Hhynchosauros,  and  Sphenodon,  Ultutrating  the  variations  in  their 
and  form. 

Fig.  4. — Skull  of  Hyperodapedon^  under  view. 


Pig.  5. — Skull  of  Bhynchosaurus,  under  view. 


Kg.  6. — Skull  of  Sphenodon^  under  view. 


(Plate  XXVI.  ^^,  4).  The  anterior  and  superior  angle  of  each  is 
prolonged  into  a  "  rostral "  process  (r.m),  which  passes  upwards,  out- 
wards, and  forwards.    The  two  thus  leave  a  wide  Vnahaped  interval. 
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into  which  the  end  of  the  premazillary  beak  is  receiyed  when  the 
month  is  shut.  These  mandibular  rostral  processes  were  probably 
dothed,  like  the  premazillary  rostrum,  with  horn;  and,  with  the 
interlocking  premazillary  beak,  must  have  constituted  a  pair  of  pincers 
of  great  strength.  Belund  this  forked  mandibular  beak,  the  upper 
contour  of  each  ramus  is  strongly  concave  upwards,  in  correspondence 
with  the  maxillo-palatal  convexity,  and  its  dose-set  teeth  are  worn  to 
a  sharp  Bcissor-edge,  which  fitted  into  the  fore  part  of  the  mandi- 
bular groove  of  the  upper  jaw.  Throughout  the  B3rmphy8ial  region, 
the  two  rami  lie  dose  together  and  form  a  paralld-sided  body  of  the 
width  of  the  fore  part  of  the  palate ;  but,  behind,  the  rami  diverge, 
sweep  outwards  in  a  curve  which  corresponds,  at  firsts  with  that  of 
the  mandibular  groove  in  the  broad  part  of  the  palate,  and  then  pass 
to  their  articulation  with  the  quadrate.  The  angle  of  the  ramus 
appears  to  have  extended  considerably  behind  this  articulation,  but 
its  exact  length  and  shape  cannot  be  determined. 

The  alveolar  edges  of  the  rami  begin  to  show  teeth  rather  behind 
the  middle  of  the  symphysis,  and  the  series  of  teeth  extends  for  60 
millim.  behind  this  point.  In  the  front  part  of  the  series,  the  teeth 
are  so  dose-set  as  to  form  a  palisade-like  continuous  ridge,  worn 
upon  the  two  faces  to  a  sharp  edge.  There  are  about  6  t^th  in  a 
length  of  10  millim.,  and  each  tooth  is  5  millim.  high,  but  at  about 
7  millim.  from  the  hinder  end  of  the  series  the  teeth  become  separate. 
Here  they  present  rounded  summits  and  their  outer  surfEUses  are 
convex  and  unworn  (Plate  XXVI.  fig.  6). 

Measurements  ofjparts  of  the  Shdl  of  Hyperodapedon  in  millimetres. 
Nasal  aperture,  27  long  by  24  broad  at  the  base. 
Orbit,  48  long,  35  wide. 
Narrowest  part  of  interorbital  region,  40. 
Bupratemporal  fossa  . .     50  long,  45  wide. 

Parietal  region   20  wide. 

Lateral  temporal  fossa  .     23  wide,  41  in  perpendicular  depth. 
Premaxillary  rostrum  .     25  thick  at  the  base  from  before  back- 
wards. 
9,  „  30  broad  from  side  to  side. 

„  „  35  in  a  straight  line  from  base  to  apex. 

Extreme  width  of  dentigerous  area 93 

„        length  „  „      82 

Width  of  alveolar  face  of  posterior  end  of  maxilla  ....     14 

,9  n  n  n  palatal        24 

Diameter  of  the  bases  of  teeth 3to4 

Length  of  symphysis  of  mandible 56 

Breadth  of  middle  of  symphysis  of  mandible  at  narrowest  1  qq 
between  the  anterior  parts  of  the  dentary  edges  . . . .  j 

Depth  of  the  rami  at  this  part 30 

Length  of  each  half  of  the  mandibular  rostrum  from  base.    20 
Greatest  depth  of  ramus  from  the  dentary  edge  to  the  1  ^ 

lower  border  j 

Total  length  of  ramus,  probably    190 

Posterior  nares 6  wide  by  4  long. 
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Kg.  7. — Hyperodapedon  Oordoni.    Fig.  8. — Hyperodapedon  Oordoni, 
Mr.   Grant's    specimen.  Mr.    Grant's  specimen. 

Left  side.  Bight  side. 


r.p. 


r.p. 

r,m. 

Dr.  Woodward  has  afforded  me  the  opportunity  of  examining  a 
very  instructive,  though  fragmentary,  specimen  of  the  fore  part  of  the 
skiUl  of  a  large  Hyperodapedon^  the  property  of  Mr.  Grant,  of  Lossie- 
mouth*  The  premazillary  rostrum  is  nearly  entire  and  in  connexion 
with  the  facial  bones,  as  far  as  the  anterior  boundary  of  the  orbit  on 
the  left  side.  The  anterior  end  of  the  left  ramus  of  the  mandible,  with 
its  rostral  process  nearly  entire,  is  almost  in  place  (fig.  7),  and  on  the 
opposite  side  of  the  matrix  there  is  the  almost  complete  impression  of 
the  right  mandibular  rostral  process  (fig.  8).  Moreover,  a  cast  of  the 
outer  surface  of  the  left  rostral  process  of  the  premaxilla  is  preserved 
in  one  of  the  halves  of  the  matrix.  The  left  rostral  process  itself  is 
quite  free,  and  can  be  lifted  out  and  examined  on  all  sides.  In- 
cluding the  anterior  extremity,  of  which  only  the  impression  remains, 
it  is  57  millim.  long,  23  millim.  deep,  and  13  miUim.  thick  at  its 
proximal  end.  The  anterior  face  is  more  strongly  curved  than  the 
posterior,  and  somewhat  flattened,  and  it  is  rather  obtusely  pointed  at 
its  free  end.  The  inner  face  is  flat,  and  was  evidently  closely  applied 
to  that  of  the  opposite  rostral  process  in  the  greater  part  of  its  extent ; 
but,  in  the  course  of  fossilization,  a  thin  layer  of  matrix  has  been 
interposed  between  the  two.  About  the  posterior  third,  the  inner 
face  of  each  rostral  process  slopes  sharply  outwards,  and  the  upper 
margin  becomes  rounded  as  it  bounds  the  external  nares.  Both  the 
inner  and  the  outer  surfaces  of  the  bony  substance  of  the  rostral 
processes  are  marked  by  flue  close-set  longitudinal  grooves,  and  the 
surfaces  of  the  rostral  processes  of  the  mandible  present  similar 
markings. 

The  convex  face  of  the  left  premaxillary  rostral  process  flts  closely 
into  the  concavity  of  the  cast,  to  which  I  have  referred,  and  presents 
fine  longitudinal  ridges  which  answer  to  the  grooves  on  the  surface 
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of  the  bone.  I  condnde,  therefore,  that  the  soft  parts  and  any  homy 
sheath  that  may  have  existed  must  have  decomposed  and  left  the 
bone  bare  before  the  sandy  matrix  set  round  the  imbedded  skeleton. 

Of  the  bones  which  enter  into  the  composition  of  the  shoulder- 
girdle  of  Hyperodapedon^  the  specimen  presents  remains  of  the 
interdavide  and  the  davide,  the  coracoid,  and  the  scapula.  The 
interdavide  is  a  long  narrow  bone,  thin  and  spatulate  towards  its 
posterior  end.  The  anterior  end  bends  somewhat  sharply  towards 
the  dorsal  side ;  but  the  shape  of  its  extremity,  and  whether  it  was 
provided  with  transversdy  elongated  lateral  processes  or  not,  cannot 
be  ascertained.  On  the  left  side  it  is  in  connexion  with  a  strong 
and  long  ciirved  bone,  which  is  obviously  a  davicle.  Nothing  more 
than  the  edge  of  a  bone  which  I  take  to  be  the  scapula  can  be  seen, 
but  the  left  coracoid  is  well  preserved.  It  is  a  cheesecutter-shaped 
bone,  with  a  broad  blade  and  a  comparativdy  narrow  neck,  whidi 
widens  out  again  to  the  glenoidal  extremity. 

In  Sphenodon^  the  anterior  end  of  the  interdavide  is  not  bent 
upwards,  and  is  produced  into  two  strong  transverse  arms,  with  which 
the  davicles  are  articulated.  The  scapula  and  the  coracoid  very 
early  became  undistinguishably  united ;  while,  in  Hyperodapedonj 
they  appear  to  have  remained,  as  usual,  separate. 

The  principal  bones  of  the  left  fore  limb  are  seen  nearly  in  their 
natural  rdations  (Plate  XXVI.  fig.  11). 

The  humerus  has  a  widely  expanded  proximal  end  of  a  rhomboi- 
dal  shape.  In  the  middle,  the  shaft  is  rounded  for  a  short  distanoe 
and  then  expands  into  the  broad  and  thick  distal  end,  the  ventral 
face  of  which  presents  a  deep  interoondyloid  fossa.  On  the  inner 
side  there  are  indications  of  a  *'  median  **  canal.  The  ulna  is  stoat, 
with  a  prismatic  olecranar  prominence,  and  is  somewhat  curved  longi<- 
tudinally  so  as  to  be  concave  to  the  interosseous  space.  The  radius  is 
more  slender  and  nearly  straight. 

The  structure  of  the  carpus  is  not  recognizable.  The  five  meta- 
carpals are  preserved  in  various  conditions  of  completeness.  The 
most  remarkable  feature  about  them  is  that  they  do  not  seem  to 
have  differed  to  any  notable  extent  in  loDgth  (17nullim.) ;  but  while 
the  first,  second,  and  third  are  proportionally  very  broad  (about  10 
mUlim.),  the  fourth  has  a  width  of  not  more  than  7  millim.,  and 
the  fifth  of  5  millim. 

The  humerus,  radius,  and  ulna  in  Sphenodan^  though  more  slender, 
are  very  similar;  but  the  ulna  is  longer  in  proportion  to  the  radios ; 
the  first  metacarpal  is  considerably  shorter  and  at  the  same  time 
thicker  than  the  second,  while  the  second  and  fourth  are  a  little 
shorter  than  the  third,  and  the  fifth  is  about  as  long  as  the  first ; 
and  all  have  much  slenderer  proportions  than  those  of  Hyperoda- 
pedon.  The  fore  foot  of  the  extinct  lixard  must  in  fact  have  been 
remarkably  short  and  thick  in  its  proportions. 
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Jfeaaurementa  of  the  Shoulder-girdU  and  Fare  Limb  in  mtllimetree. 

Hyperodapedon,  Sphenodan, 

Interdavide,  length 90  (about)  31 

„  greatest  width 17  3 

Clavicle 100  (about)  20 

Ooracoid,  length 68 

„      breadth 42  11 

Humerus,  length 130  33 

„        width    at    proximal 

end 62  11 

„  ,,      at  distal  end. .  ?  11 

„         shafb  in  the  middle. .         20  2-5 

Badius,  length 74  20 

„      width,  proximal 20  4 

„  „     distal 13  4 

Ulna,  length 74  25 

„     width,  proximal 30  5 

„  „     distal    20  5 

Metacarpals : — 

i.^ 6-6 

ii.  I 9-5 

iii.  > 17  11-0 

iv.      10-0 

V.J 6-0 

The  right  half  of  the  pelvis  is  exposed  ;  but  the  pelvic  bones  are 
a  good  deal  crushed,  and  it  is  difficult  to  arrive  at  an  unquestionable 
interpretation  of  the  appearances  they  present.  There  is  no  doubt, 
however,  as  to  the  position  of  the  obturator  foramen,  bounded  in  front 
by  the  pubis  and  behind  by  the  ischium.  GUie  former  bone  (PL  XXVI. 
fig.  12,  pb)  is  transversely  elongated,  and  somewhat  narrow  in  the 
middle ;  it  widens  out  at  both  ends.  At  the  inner  extremity  it  is  flat 
and  thin,  and  presents  a  convex  symphysial  contour.  At  the  outer 
extremity  it  is  developed  forwards  into  a  strong  prepubio  process 
and  backwards  into  a  thick  acetabular  portion.  The  bone  is  there- 
fore quite  Laoertilian.  The  thick  acetabular  portion  of  the  ischium 
(Plate  XXVI.  fig.  12,  is)  is  in  connexion  with  that  of  the  pubis,  and 
the  concave  obturator  margin  of  the  bone  can  be  well  made  out. 
The  difficulty  is  to  say  how  much  of  the  mass  of  bone  which  lies 
behind  this  point  (^,  fig.  12)  belongs  to  the  ischium  and  how  much  to 
the  iHum,  which  seems  to  be  crushed  down  upon  the  ischium.  If, 
as  appears  probable,  the  posterior  contour  of  the  ischium  is  indicated 
by  the  curved  depression  (a  a,  fig.  12),  the  ventral  half  of  the  pelvis 
will  be  quite  like  that  of  ordinary  Lizards,  and  the  rest  of  the  bony 
matter  belongs  to  the  ilium.  On  the  other  hand,  the  form  of  the 
ischium  in  Wiynchasaurus  rather  leads  to  the  supposition  that  the 
ischium  was  expanded  inwardly  and  prolonged  further  backward,  so 
as  to  be  unlike  that  of  Sphenodon, 

The  chief  bones  of  the  right  hind  limb  (Plate  XXVI.  fig.  12)  are 
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fairly  well  seen.  The  femur  is  directed  forwards,  outwards,  and 
dorsad,  its  proximal  end  being  dose  to  the  acetabulum.  The  bones 
of  the  leg  are  sharply  bent  at  the  knee,  where  they  lie  dose  to  the 
distal  end  of  the  femur,  but  slightly  dislocated  backwards.  At  their 
distal  ends  they  are  in  close  proximity  to  the  remains  of  the  tarsus 
and  metatarsus.  The  femur  is  a  short  and  stout  bone,  bent  so  as  to 
be  slightly  concave  on  the  ventral  and  convex  on  the  dorsal  surface.. 
The  proximal  end  is  a  good  deal  injured,  but  it  obviously  expanded 
to  its  articular  surface  and  was  quite  lizard-like.  The  middle  of 
the  shaft  is  rounded  and  little  more  than  half  the  diameter  of  the 
ends  of  the  bone.  The  inner  condyle  is  stouter  than  the  outer,  and 
between  the  two  there  is  a  deep  intercondyloid  depression.  At  about 
the  junction  of  the  middle  with  the  proximal  third,  the  ventral  face 
exhibits  a  longitudinal  elevation,  which  I  take  to  be  the  commence- 
ment of  a  strong  trochanteric  ridge,  such  as  exists  in  Sphenodcn, 
The  tibia  and  fibula  are  not  fuUy  exposed,  but  the  former  must  have 
been  much  shorter  than  the  femur ;  the  distal  end  is  trihedral ;  the 
middle  of  the  shaft  is  flattened,  and  the  proximal  end  somewhat 
expanded.  The  fibula  seems  to  have  had  a  similar  form,  but  it  was 
much  more  slender.  Only  fragments  of  the  tarsal  bones  are  pre- 
served. 

There  are  indications  of  five  metatarsals,  only  three  of  which  ar& 
represented  in  Plate  XXYI.  fig.  12.  They  iacrease  in  length  from 
the  first  to  the  third,  if  not  to  the  fourth,  ^e  first  is  17  miUim.  long, 
the  second  35  millim.,  the  third  45  millim.,  and  each  has  a  breadth  of 
about  10  millim.  Of  the  fourth  only  an  imperfect  impression  of 
the  proximal  half  remains.  These  four  metatarsals  lie  close  together 
and  parallel  with  one  another.  The  fifth  digit  was  set  at  a  distance 
from  the  fourth,  as  is  usual  in  Lizards,  but  only  the  impression  of  the 
characteristically  broad  basal  end  of  the  fifth  metatarsal  is  preserved*. 
The  first  phalanx  of  the  first  digit  is  14  millim.  long,  and  the  second 
seems  to  have  had  about  the  same  length.  There  are  two  frag- 
mentary  phalanges  of  the  second  and  third  digits  respectively. 

Measurements  of  the  Pelvis  and  Bind  Limb, 

Eyperodapedon.  Sphenodon. 
Pubis  from   acetabulum   to   medial 

edge 74  19 

Femur,  length' 121  40 

„      breadth,  proximal  end    ....     41  8 

„          „        middle 23  3 

„           „        distal  end 36  8-5 

Tibia,  length    80  26 

Fibula,  length 80  (about)  25-5 

Metatarsal    i. 17  8 

ii 35  12-5 

„        iii 46  15 

*  The  indications  of  the  structare  of  the  metatarsus  which  I  hare  interpreted 
as  above,  are  somewnat  obscure.  Even  with  large-sized  figures,  their  value 
could  hardly  be  estimated  without  examination  of  Sie  original. 
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It  IB  obvionB,  even  from  these  imperfect  data,  that  the  hind  foot 
of  ffyperodapedon  was  longer  than  the  fore  foot,  though  shorter  in 
proportion  than  that  of  Sphenodon,  It  seems  also  in  the  gradation 
of  tiie  digits  to  have  departed  less  from  the  ordinary  Lacertilian  foot 
than  the  fore  foot  does. 

The  comparison  of  all  parts  of  the  skeleton,  which  has  now  been 
made,  leaves  no  doubt  as  to  the  dose  relations  between  Hyperodapedon 
and  Sphenodon,  At  the  same  time  it  makes  clear  the  existence  of  a 
number  of  diffSerences,  of  which  the  following  appear  to  me  to  be  the 
most  important : — 

1.  The  centra  of  the  presacral  vertebrsd  are  ossified  throughout 
and  more  or  less  opisthocoelous,  especially  in  the  cerrical  region. 
Moreover  there  are  no  intercentral  ossifications. 

2.  The  anterior  cervical  vertebras  have  long  and  strong  ribs. 

3.  The  external  naree  are  not  separated  by  bone. 

4.  The  conjoined  premaxillary  processes  form  a  long,  conical, 
curved,  pointed  rostrum,  which  is  received  between  two  rostral  pro- 
cesses of  the  mandible.  All  these  were  devoid  of  teeth,  and  probably 
ensheaihed  in  horn. 

5.  The  palatal  area  is  very  narrow  in  front  and  wide  behind,  with 
strongly  curved  lateral  boundaries. 

6.  The  posterior  maxillary  and  palatal  teeth  are  multiseriaL 

7.  The  rami  of  the  mandible  are  united  in  a  long  symphysis, 
behind  which  they  diverge  widely,  and  their  dentigerous  edges  are 
strongly  concave  upwards  as  well  as  outwards. 

8.  The  mandibular  teeth  are  set  into  a  close,  apparently  continuous 
palisade  in  front,  and  they  become  distinct  and  conical  only  at  the 
posterior  end  of  each  series. 

9.  The  fore  foot  is  remarkably  short  and  stout,  with  metacarpals 
of  equal  length.  I  find  no  evidence  of  the  existence  of  an  *'  ect-epi- 
condylar  foramen  "  in  the  humerus. 

Bhyncho8auru8^  although  allied  to  Hyperodapedon^  is  sharply  dis- 
tinguished from  the  latter  by  its  vertebral  and  cranial  characters ; 
and,  in  some  respects,  it  occupies  an  intermediate  place  between 
Hyperodapedon  and  ^henodon, 

'  A  specimen  in  the  British  Museum  (to  which  I  shall  refer  as  No.  1) 
shows  the  head  and  trunk  in  almost  undisturbed  relation,  though  much 
damaged  in  some  parts.  The  length,  from  the  snout  to  the  sacrum, 
could  not  have  exceeded  280  millim. ;  so  that  the  animal  was  only 
a  little  larger  than  the  specimen  of  SpTienodon  of  which  the  measure- 
ments are  given  above ;  and,  as  the  skull  was  about  80  millim.  long, 
it  had  about  the  same  proportion  to  the  trunk  as  in  Sphenodon, 

The  centra  of  the  thoraco-lumbar  vertebrae  are  about  10  millim. 
long  and  amphicoslous.  They  present,  at  each  end,  a  hemispherical 
concavity,  each  of  which  occupies  about  a  fourth  of  the  lengiii  of  the 
centrum,  the  two  middle  fourths  being  occupied  by  bone.  No 
specimen  which  I  have  seen  shows  the  characters  of  the  centra  of  the 
cervical  or  sacral  vertebrae,  nor  throws  any  light  upon  the  question 
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of  the  existence  of  anterior  cervical  ribs.    There  is  no  evidence  of 
the  occnrrence  of  intercentral  ossificationB. 

The  abdominal  ossicles,  so  far  as  they  are  visible,  resemble  those  of 
Hyperodapedon  and  Sphenodon^  bnt  no  specimen  I  have  seen  enables 
their  details  to  be  satisfactorily  made  ont. 

The  sknll,  in  its  general  characters,  resembles  that  of  both  Hypero- 
dapedon  and  of  Sphenodon,  In  contour,  it  is  intermediate  between 
the  two,  having  the  occipnt  relatively  somewhat  broader  than  in 
JSpJienodon  and  much  narrower  than  in  Byperodapedon. 

The  anterior  nasal  aperture  is  single,  as  in  Hypetodapedon^  and 
the  strong  recurved  premaxillary  rostrum  has  essentially  the  same 
structure,  and  probably  was  ensheathed  in  a  homy  envelope.  On 
the  other  hand,  the  dentary  edge  of  the  maxilla  is  but  very  slightly 
convex  downwards;  and,  viewed  from  below,  there  is  a  corresponding 
difference  from  Hyperodaped(yn.  The  outward  lateral  concavity  and 
inward  convexity  of  the  dentary  edges  of  the  maxills  are  very  slight, 
and  consequently  there  is  no  such  anterior  narrowing  and  posterior 
widening  of  the  palatal  surface  as  in  Hyperodapedon,  The  palatal 
bones  are  not  fully  exposed  in  any  specimen,  but  in  one  there  is 
evidence  that  they  bear  certainly  not  more  than  two  longitudinal 
rows  of  teeth,  perhaps  only  a  single  row ;  consequently  they  are 
narrow,  as  in  Sphenodon ;  and,  as  in  the  latter  genus,  leave  the  ante- 
rior portions  of  the  pterygoid  bones,  which  lie  between  them,  un- 
45overed  (Plate  XXVII.  fig.  I,p0-  The  symphysis  of  the  mandible 
is  relatively  short,  and  the  rami  do  not  curve  outwards  as  they  do  in 
Byperodapedon.  The  mandibular  rostral  processes,  between  which 
the  premaxillary  rostrum  is  received,  are  short  and  obtuse  (see 
fig.  2,  p.  682). 

Thus  the  skull  of  Rhyncliosaurus  resembles  that  of  Byperoda" 
pedon  and  differs  from  that  of  Sphenodon,  in  its  single  anterior  nasal 
aperture,  its  premaxillary  and  mandibular  rostral  processes,  and, 
perhaps,  in  possessing  more  than  one  series  of  palatal  teeth ;  but, 
in  general  form,  and  in  the  shape  of  the  maxillse,  palatal  bones, 
and  rami  of  the  mandible,  it  departs  far  less  from  Sphenodon  than 
Byperodapedon  does.  In  another  respect,  Rhynchoeaurus  appears  to 
differ  from  both  Byperodapedon  and  Sphenodon,  in  that  no  distinct 
teeth  are  discernible  on  the  dentary  edges  either  of  the  maxillse  or  of 
the  mandible.  Without  microscopic  examination  of  sections  of  the 
parts,  it  is  impossible  to  say  whether  the  maxillsB  and  the  mandible 
of  Bhynchoeaurue  were  really  edentulous  or  not.  If  they  were,  this 
genus  will  present  an  interesting  approximation  to  the  Anomodontia. 

Two  other  specimens  (No.  2,  and  its  counterpart,  No.  3)  display 
the  coracoids  (co)  in  place  (Plate  XXVII.  fig.  3).  These  bones  are 
broad  and  expanded,  34  millim.  long  and  20  miUim.  wide,  and 
have  convex  median  edges.  Close  to  this  edge  of  the  right  coracoid 
(in  No.  2)  lies  the  interclavide  {ixl,\  30  millim.  long.  It  is 
narrow,  blade-like,  and  bent  dorsad  at  its  anterior  end.  Here  it 
expands  transversely  into  two  arms,  which  are  short,  but  are  not 
improbably  broken.  The  clavicles  are  wanting,  unless  the  part 
marked  cZ.  in  fig.  3  represents  one. 

In  the  specimen  of  Ehynchosaums  to  which  I  have  already  referred 
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AB  No.  1,  much  of  the  skeleton  of  the  right  fore  limb  is  preserved. 
The  right  humerus  is  40  mUlim.  long,  and  has  widely  expanded 
proximal  and  distal  ends.  The  radius  has  about  the  same  length. 
There  are  more  or  less  well-preserved  remains  of  five  metacarpals. 
The  first  has  about  half  the  length  of  the  second,  which  is  about 
«qual  to  the  third. 

In  the  specimen  (No.  2)  all  five  digits  of  the  manus  are  dis- 
played. The  fifth  metacarpal,  which  is  broad  and  short,  as  in  Sphe- 
nodon^  and  three  or  four  of  the  phalanges  of  the  fifth  digit  are  in  place 
(Plate  XXYII.  fig.  3).  In  all  respects,  this  foot  is  more  like  that  of 
Bphenodon  than  that  of  Hyperodapedon. 

The  impressions  of  the  ischia  are  very  well  shown  in  No.  3  (Plate 
XXVn.  fig.  4,  is).  They  are  broadly  triangular  in  shape,  with  the 
angles  rounded  ofF.  The  symphysial  side  is  25  millim.  long ;  while, 
from  the  symphysis  to  the  acetabi^um,  transversely,  the  bone  measures 
20  millim.  In  front  of  the  left  ischium  there  is  seen,  in  the  place 
which  ought  to  be  occupied  by  the  pubis,  the  impression  of  a  broad 
flat  plate  (Plate  XXVII.  fig.  4,  j>6),  26  millim.  from  side  to  side  by 
10  ant-ero-posteriorly,  the  posterior  edge  of  which  is,  for  its  inner 
two  thirds,  in  close  contact  with  the  front  edge  of  the  ischium, 
leaving  only  a  small  space  to  represent  the  obturator  foramen.  I 
cannot  take  this  impression  to  represent  anything  but  the  pubis, 
though  its  form  and  position  are  somewhat  unusual.  The  femur  is 
57  millim.  long,  and  the  shaft  is  curved  like  an  (*.  The  tibia  and 
fibula  are  each  50  millim.  long.  The  astragalus  and  calcaneum  are 
separate  (as  in  Sp7ienodon\  and  have  the  ordinary  Lacertilian  form. 
A  large  distal  tarsal  bone  (as  in  Sphenodan)  affords  an  articular 
surface  for  the  fifth  metatarsal,  which,  with  the  four  phalanges  of  its 
digit,  is  preserved  (Plate  XXVII.  fig.  4,  v).  This  digit  differs  but 
little  in  size  and  form  from  the  corresponding  digit  in  SpTienodon ; 
and  it  is  therefore  remarkable  that  the  fourth  metatarsal  of  EhynehO' 
jsaurua  is  very  much  broader  than  that  of  Sphenodon,  and  half  as 
long  again.  The  third  and  second  metatarsals  are  nearly  as  broad, 
but  shorter.  The  first  is  relatively  shorter  and  thicker  (Plate  XXVU. 
fig.  5). 

Two  imperfect  series  of  tail-vertebree  show  that,  in  the  anterior 
caudal  region,  the  vertebrae  were  provided  with  long  and  strong 
chevron  bones  (Plate  XXVII.  fig.  2). 

The  evidence  which  has  now  been  adduced  appears  to  me  to  prove 
that  Hyperodapedon^  RhyncTwsaurus,  and  Sphenodon  constitute  a 
peculiar  group  of  Lacertilia,  the  skeletons  of  which  are  distinguished 
from  those  of  all  other  recent  or  extinct  known  forms  by  the  com- 
bination of  the  following  characters,  namely: — the  premaxillary 
rostra ;  the  longitudinal  series  of  palatal  teeth,  bounding  a  groove, 
between  which  and  the  maxillary  teeth  the  hinder  mandibular  teeth 
are  received ;  the  abdominal  ossicles ;  and  the  absence  of  procoelous 
preesacral  vertebrsB.  This  group  of  Sphenodontina  falls  into  two 
families,  the  Bhynchosauridce  and  the  Sphenodontida. 

The   JRhynckosauridcB  have  a  single  external    nasal    aperture 
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edentalouB  premaxillary  and  mandibular  rostra,  probably  ooTored 
with  horn,  the  former  received  between  the  latter ;  sometimes  more 
than  one  series  of  palatal  teeth ;  and  either  amphiccBlous,  or  more  or 
less  opisthocQBlons,  praesacral  vertebne. 

This  family  contains  Hyperodapedon  and  JRhynchosawnM^  readily 
distinguished  by  the  cranial,  vertebral,  and  dental  differences  given 
above. 

The  SphenodotUidcB  have  divided  external  nares ;  a  toothed  pre- 
maxillary  rostrum,  not  horn-covered,  nor  received  between  mandi- 
bular rostral  processes ;  a  single  series  of  palatal  teeth ;  and  amphi- 
coelous  vertebne. 

It  is  very  interesting  to  observe  that,  so  early  as  the  Triassio  epoch, 
the  group  of  the  Sphenodontina  had  attained  its  highest  known 
degree  of  specialization,  Ifyperodapedon  being  in  all  respects  a  more 
modified  form  than  SpTienodon.  It  appears  a  probable  conclusion 
that  in  the  Permian  epoch  or  earlier,  Lacertilia  existed  which  were 
less  different  from  Sphenodon  than  either  Byperodapedon  or  Bhyn^ 
chosaurtu. 

I  am  unable  to  discover  any  feature  in  the  organization  of  either 
Byperodapedon  or  Bhynchosaurus  which  supports  the  supposition, 
sometimes  entertained,  that  these  reptiles  departed  from  the  types  of 
structure  found  among  existing  Lacertilia  in  any  greater  degree  than 
these  (e.  g.  Monitor,  CJiamaiUojQeckOjSpTienodon)  do  from  one  another, 
or  that  they  present  any  approximation  to  other  Orders  of  Beptilia* 

The  evidence  now  offered  concurs  with  that  afforded  by  the 
structure  of  Telerpeton,  in  establishing  the  belief  that  the  Lacertilian 
type  of  organization  had,  in  the  Triassic  epoch,  attained  perfectly 
clear  definition  from  all  others  ;  and  it  further  shows  that,  in 
Byperodapedon,  the  type  had  attained  a  degree  of  specialization  on 
a  level  with  that  exhibited  by  any  modem  Lizard. 

The  relations  of  the  Sphenodontina  with  other  groups  of  Eeptiles 
of  approximately  the  same  age,  in  which  the  anterior  ends  of  the 
jaws  tend  to  assume  the  characters  of  a  beak,  with  or  without 
palatal  teeth  (Dicynodon,  Endoihiodon),  and  with  such  forms  as 
Plaeodus,  cannot,  I  think,  be  profitably  dealt  with  until  more  is 
known  of  the  organization  of  the  latter.  I  may  add  that  I  am 
unable  at  present  to  see  any  good  grounds  for  the  approximation  of 
SimcedosauruB  to  Byperodapedon. 

In  his  valuable  account  of  the  Indian  species  of  Byperodapedon 
(*  Indian  Pretertiary  Vertebrata/  vol.  i.  1885),  Mr.  Lydekker  assigns 
various  detached  bones  to  this  genus  on  very  fair  grounds  of  proba- 
bility. The  absence  of  intervertebral  ossifications  in  B,  Qordoni, 
however,  would  seem  to  diminish  that  probability  so  far  as  the 
vertebrsB  are  concerned. 

EXPLANATION  OF  THB  PLATES. 

Platb  XXVI. — Byperodapedon  Gordoni, 

Fig.  1,  2.  Upper  and  lateral  viewB  of  the  skull.    ^  nat  size. 

3.  The  palatal  surface  of  the  skull,  so  fiur  as  the  adherent  mandible 
permits  it  to  be  seen.    ^  nat.  size. 
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Fig.  4.  Under  Tiew  of  the  mandible,     i  nat.  size. 

6.  Front  yiew  of  the  premazillarj  roetrum  and  the  anterior  naree. 
i  nat.  size. 

6.  Series  of  mandibular  teeth :  a,  anterior,  p,  posterior  end.    Nat.  size. 

7.  The  remains  of  the  atlas,  and  fig.  8,  the  succeeding  oeryical  yertebrs. 

Nat  size. 
0.  Preesacral  yertebne,  with  the  proximal  end  of  a  rib.    Nat.  size. 

10.  The  remains  of  the  first  sacral  vertebra*    Nat.  size. 

11.  The  left  fore  limb.    ^  nat.  size. 

12.  The  right  hind  limb.    ^  nat.  size. 

Plati  XXYII. — Rhynehoaaums  artiaps. 

Fig.  1.  Under  yiew  of  an  imperfect  skuU.    Nat.  size. 
2.  A  series  of  caudal  vertebne.    Nat  size. 
B,  The  right  shoulder-girdle,  yentral  aspect  (No.  2),  and  the  left  fore 

limb,  dorsal  aspect  (No.  3).    Nat.  size.    It  is  doubtful  whether  el 

is  really  the  dayiole. 
4.  Impressions  of  the  left  pubis  and  ischium,  and  remains  of  the  bones 

of  the  left  hind  limb  as  they  lie  in  No.  3.    Nat  size. 
6  Bight  hind  foot,  yentral  aspect  (No.  1).    Nat  size. 

DlBClTBSIOir. 

The  PREsiDEirr  remarked  that  he  felt  he  only  expressed  the  sen- 
timents  of  all  the  Fellows  present  in  welcoming  back  their  past 
President  to  the  scene  of  his  former  triumphs.  The  type  specimen  of 
ffyperodapedon  was  so  imperfect  that  it  was  marvellous  the  charac- 
ters ascribed  to  the  genns  required  so  little  modification  in  conse- 
quence of  the  far  more  perfect  specimen  now  described. 

Mr.  HuLKE  could  only  re-echo  the  President's  congratulations  on 
the  reappearance  of  Prof.  Huxley.  He  could  but  admire  the  clear 
manner  in  which  this  very  interesting  reptile  had  been  described  by 
him. 

Dr.  Getkie  recalled  the  early  controversies  about  the  age  of  the 
Elgin  Sandstones,  and  pointed  out  that  no  satisfactory  stratigraphical 
solution  of  the  puzzle  had  yet  been  found.  A  line  between  the  beds 
with  Mesozoio  Reptilia  and  those  containing  Holoptychius  would 
never  have  been  drawn  but  for  the  extraordinary  contrast  of  the 
organic  remains.  By  physical  characters  it  was  not  possible  to 
separate  them. 

Prof.  Seelet  said  that  caution  was  necessary  in  concluding  that 
such  types  were  limited  to  one  system.  The  Eeptiles  of  South 
America  associated  with  Lepidodendron  and  Schizodus^  partly  de- 
scribed by  Prof.  Cope,  have  close  affinity  with  some  from  South 
Africa  wluch  are  usually  regarded  as  Triassic. 

The  form  of  articulation  of  the  vertebne  being  merely  generic  in 
Amphibia,  it  is  not  surprising  to  find  that  some  reptiles  have  opis- 
thocoelous  vertebrsB.  Some  recent  lizards  also  show  peculiar  forms 
of  the  abdominal  ribs,  as  in  Ple^iosaums,  which  are  present  in  many 
Triassic  reptiles,  though  enveloped  with  matrix,  so  as  to  form  abdo- 
minal rods  like  those  seen  in  this  fossil.  In  conclusion,  he  spoke  of 
the  satisfaction  he  experienced  in  once  more  hearing  Mr.  Huxley. 

Mr.  Ltdekxeb  noticed  the  occurrence  of  Hyperodapedon  in  India 
associated  with  Parasuchui  and  Behdan ;  but  the  associated  ver- 
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tebre  are  amphicoeloos.  The  maxilla-palatines  appeared  perfectly 
similar,  more  so  than  he  at  first  believed ;  indeed  there  was  scaicel  j 
apparent  specific  difference  between  those  described  by  him  and 
those  of  the  new  Elgin  specimen. 

Mr.  Whitakeb  wished  to  thank  Prof.  Huxley  for  the  good  lesson 
given  by  the  absence  of  dogmatism  in  his  paper. 

Dr.  Baub  inquired  as  to  the  development  of  the  parietal  foramen. 

Prof.  HvxLET  said  that  he  coold  not  find  a  trace  of  any  such  f era- 
men  in  Hyperodapedon, 

Dr.  Battb  said  that  this  showed  the  specialization  of  Hyperoda- 
pedon.  SimcBdosaurus  or  Champsosaunu  must  have  some  relation 
to  Sphenodon^  but  it  is  also  a  specialized  form.  He  pointed  out  some 
vertebral  points  of  similarity  between  the  former  and  Sphenadon. 

With  regard  to  the  systematic  position  of  Hyperodapedon  and  its 
allies  he  would  prefer  putting  them  under  the  Rhynchocephalia  apart 
from  Lacertilia  as  a  group  equivalent  to  Ophidia  and  Mosasauria. 

Dr.  Blakford  described  the  relative  position  of  the  Hyperoda- 
pedonAieAR  in  India,  showing  that  they  were,  in  all  probability, 
later  than  the  i>icyno(2(m-beds,  and  closely  allied,  if  not  identicid, 
with  the  beds  containing  fishes  of  liassic  type.  He  also  noticed 
that  UramastLc^  an  agamoid  lizard  which  shows  some  points  of  re- 
semblance in  dentition  to  Hyperodapedon^  is  exdusively  herbivorous. 

Prof.  BoTD  DAWxms  said  that  Mr.  Charles  Moore's  examination 
of  the  EhseHc  strata  which  overlie  the  Hyperodapedon-bedB  of 
Elgin,  proved  that  the  latter  occupied  the  same palaxmtological  horizon 
below  the  Jurassic  series  as  the  Hyperodapedon-heds  of  India  men- 
tioned by  Dr.  Blanford. 

The  Pbesident  said,  the  difficulty  about  the  position  of  the  Elgin 
beds  was  not  so  great  as  was  often  supposed.  In  the  Old  Ked- 
Sandstone  quarries  fish-remains  are  by  no  means  rare,  but  in  the  exten- 
sive quarries  whence  the  reptiles  have  been  procured  no  fishes  are 
found,  and  recently  the  reptiliferous  beds  have  been  shown  to  overlie 
unconformably  the  Holoptychian  beds.  The  whole  of  the  strata  are 
greatly  faulted  and  covered  with  drift.  Hyperodapedon  and  Dicyno- 
don  certainly  occurred  together,  and  the  specimens  of  the  latter  were 
being  worked  out  by  Dr.  Traquair.  The  Khsetic  fossils  obtained  by 
Mr.  Charles  Moore  were  from  a  boulder. 

Prof.  Huxley,  in  reply,  said  he  remembered  the  time  when 
palsBontological  papers  were  not  received  with  such  general  consent. 
He  begged  leave  to  thank  the  President  and  Fellows  for  the  very 
cordial  reception  they  had  given  him.  He  was  unable  to  agree 
with  Dr.  Baur*s  views  as  to  the  classification  of  lizards  and  their 
allies,  and  considered  that  it  was  undesirable  to  multiply  great 
groups  too  much.  The  Khynchocephalian  forms  did  not  appear 
to  him  to  have  any  real  affinity  with  Simoedosaurus,  nor  were  they 
so  much  generalized  as,  for  instance,  TeUrpeton,  Probably  in  Car- 
boniferous times  the  gap  between  Labyrinthodonts  and  Lizards  was 
bridged  over,  and  intermediate  forms  occurred. 
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48.  Note  on  wme  DnrosAxmiAir  Ebmaiks  in  the  GolUcdon  of  A« 
Leeds,  Esq.,  of  Eyebury,  Northamptonshire.  By  J.  W.  HuLKEy 
Esq.     (Read  June  23,  1887.) 

Is  a  short  visit  which  I  made  with  Dr.  Woodward  in  May  1886  ta 
Eyebury  to  see  the  very  rich  and  highly  instructive  collection  of 
Saurian  fossils  made  by  Mr.  A.  Leeds  from  the  Kimmeridge  Clay  of 
Northamptonshire,  two  series  of  remains  arrested  our  attention  by 
the  dose  resemblances  they  bore  to  those  of  the  Wealden  Omi- 
ihopsis,  H.  G.  Seeley,  to  OmosawruSj  R.  Owen,  and  to  certain  of 
the  American  Jurassic  Dinosaurs  described  and  figured  by  Prof. 
0.  C.  Marsh.  We  had  not  at  that  time  with  us  on  the  spot  the 
materials  for  instituting  an  exhaustive  comparison,  but  on  a  second 
visit  to  Eyebury,  recently  made,  I  took  with  me  Sir  E.  Owen's 
and  Prof.  0.  C.  Marsh's  memoirs,  and  with  these  by  me  I  re- 
examined the  two  series  of  fossils.  The  results  of  this  renewed 
inquiry  are  so  interesting  that  I  venture  to  bring  them  under  the 
notice  of  the  Geological  Society. 

Part  I. — Okitithopsis  Leedbh. 

Obnithofsis,  H.  G.  Seeley. 

Synonyms :  Eucamerotus,  Hulke ;  Cetiosaurus,  R.  Owen,  partim ; 
Cetiosaurus,  Phillips,  partim;  OhondroateoaaurtiSy  R.  Owen, 
partim ;  Bothrogpondyltis,  R.  Owen,  partim. 

The  remains  in  Mr.  Leeds's  collection  referable  to  this  Dino- 
saur, or  to  a  very  nearly  allied  form,  comprise  several  vertebrsd, 
ribs,  both  pubes,  both  ischia,  the  right  ilium,  and  many  small 
fragments  too  imperfect  for  reunion  and  identification. 

VertebroB, — ^All  the  vertebrflB  are,  I  think,  referable  to  the  trunk ; 
they  comprise  four  centra,  and  some  portions  of  neural  arches  and 
processes.  All  the  centra  are  much  crushed  and  distorted,  and 
they  have  lost  their  arches.  They  display  the  large  chambers 
opening  externally  in  the  lateral  aspect  of  the  centrum,  and  exca- 
vating this  latter  so  deeply  that  the  chambers  of  opposite  sides 
nearly  meet  in  the  median  antero-posterior  plane  of  the  centrum 
under  the  neural  canal,  being  separated  there  only  by  a  thin,  bony 
partition,  remains  of  which  are  preserved  in  one  specimen.  The 
following  measurements  will  give  some  idea  of  the  bulk  of  the  least 
mutilated  of  four  centra ;  but  it  should  be  borne  in  mind  that  these 
very  imperfectly  represent  the  dimensions  of  its  true  figure.  The 
present  horizontal  diameters  of  the  two  articular  faces  are  29 
oentim.  and  28'5  centim.  The  same  diameter  taken  at  the  middle 
of  the  centrum  is  19-5  centim.  The  length  of  the  centrum  between 
the  two  articular  faces,  taken  at  the  under  surface,  is  14  centim. 
This  surface  is  much  incurved  in  the  longitudinal  direction,  which 
gives'  the  centrum  the  appearance  of  being  strongly  constricted  at 
its  middle.    I  think  it  probable  that  some  degree  of  oonstriG«ion 
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originally  existed,  but  that  this  has  been  greatly  exaggerated  by 
compression  since  death. 

Ribs. — ^A  nearly  complete  vertebral  rib,  being  about  three  times 
as  large  as  the  longest  rib   in   the   articulated  skeleton  of  an 
Elephant  of  average  stature  preserved  in  the  Museum  of  the  Royal 
College  of  SurgeoDS,  gives  an  idea  of  the  great  girth  of  the  thorax  in 
this  Dinosaur.     This  rib  presents  a  distinct  neck  and  shaft,  which 
include  between  them  a  present  angle  of  about  90°.     The  vertebral 
end  of  the  rib  is  unforked ;  the  capitular  and  the  tubercular  articula- 
tions were  therefore  both  seated  above  the  level  of  the  neuro-central 
suture  on  the  transverse  process  of  the  corresponding  vertebra.     In 
extant  Crocodilians  this  arrangement  obtains  first  at  the  11th  or 
12th  vertebra,  and  this  rib  is  usually  the  third  in  that  segment  of 
the  vertebral-costal  series  in  which  the  vertebral  ribs  are  connected 
with  the  thoracic  sternum  by  stemo-costal  cartilages.     So  far, 
therefore,  as  the  Crocodilian  analogy  warrants  the  inference,  this 
Dinosaurian  rib  belonged  to  the  scapular  region  of  the  thorax.     The 
length  of  the  neck  of  the  rib,  taken  from  its  capitular  end  to  the 
angle  which  it  includes  with  the  shaft,  measures  34*5  centim.,  and 
that  of  the  shaft,  which  has  a  slightly  /-shaped  double  curve,  taken 
along  a  straight  Hue  between  its  extreme  points,  is  152  centim. 
The  upper  border  of  the  neck  is  approximately  straight,  while  the 
lower  border  makes  a  regular  downward  curve,  and  this  part  of  the 
rib  rapidly  expands  in  its  vertical  dimensions,  attaining  a  maximum 
measurement  of  20   centim.   across  the   angle.    From   here   the 
breadth  declines,  becoming  only  9*7  centim.  at  the  distance  of 
41  centim.  from  the  angle.     This  reduced  breadth  continues  with 
little  variation  for  a  considerable  distance,  and  then  augments 
towards  the  ventral  end,  where  it  is  13  centim.    The  expanded  part 
of  the  neck  and  angle  of  the  rib  is  a  relatively  angularly  folded 
plate,  exhibiting  in  its  posterior  or  visceral  aspect  a  deep,  longi- 
tudinal hollow.     The  outer  surface  exhibits  the  commencement  of  a 
longitudinal  ridge  which  subdivides  this  surfiekce  into  a  posterior 
part  somewhat  convex  transversely,  and  an  anterior  part  slightly 
hollowed.    The  part  of  the  rib  behind  the  ridge  is  stouter  than 
that  in  front  of  it.     In  its  vertebral  third  the  cross-section  of  the 
shaft  of  the  rib  is  a  triquetrous  figure ;    beyond  this  the  shaft 
becomes  flattened  as  its  breadth  increases  towards  its  ventxal  end. 

Pelvis. — The  ilium,  ischium,  and  the  pubis  all  contributed  to  the 
composition  of  the  acetabulum,  the  last-mentioned  bone  not  being 
excluded  from  it  as  in  Crocodilians.  The  pubis  and  the  ischium 
diverge,  the  former  being  directed  forwards^  downwards  and 
inwards,  the  latter  backwards,  downwa^rds  and  inwards ;  the  pubis 
also  is  not  divided  into  a  prsB-  and  a  post-pubic  segment :  in  both 
these  respects  this  pelvis  difiers  from  that  of  the  Iguanodontidie. 
One  ilium  only,  and  this  in  a  very  mutilated  state,  was  obtained :  I 
regard  it  as  the  right.  Its  present  length  is  84*5  centim.  Of  this 
the  chord  of  the  acetabulum  is  about  40  centim.  long,  and  the  length 
of  the  praeacetabular  portion  45  centim.  The' maximum  breadth  of 
the  acetabular  surface  is  17*5  centim.  between  its  inner  and  its 
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outer  borders.  The  prsBacetabular  portion  of  the  bone  is  narrow 
relatively  to  its  length,  its  depth,  or  width,  near  the  middle 
measuring  about  15*5  centim.  Its  borders  through  a  great  part  of 
its  length  are  roughly  parallel.  The  sacral  aspect  of  the  bone  is 
rough  and  much  damaged.  Attached  to  it  are  projecting  fragments, 
which  may  be  parts  of  the  iliac  extensions  of  sacral  cestoids.    The 

Fig.  1. — Pelvis  of  Omithopsis  Leedsii,  from  the  Kimmendge  Clay  of 
Northampto'Mhire.    About  one-twentieth  natural  size. 


pubis  has  the  form  of  an  expanded,  oblong  plate,  wider  and  stouter 
at  its  ends  than  at  its  middle.  Its  iliac  end  contributed  about  -J-  to 
the  circle  of  the  acetabulum.  The  roughness  of  its  curved  ventral 
end  suggests  the  former  presence  of  a  cartilaginous  lip  for  sym- 
physial  union  with  its  fellow  of  the  opposite  side.  The  anterior 
border  is  incurved.  The  posterior  border  for  the  space  of  40  centim. 
is  straight,  and  throughout  this  extent  was  connected  with  the 
corresponding  border  of  the  ischium,  the  suture,  when  the  bones  are 
articulated,  lying  in  a  nearly  vertical  plane  transverse  to  the  axis  of 
the  trunk.  From  the  lower  end  of  the  ischial  suture  the  posterior 
border  of  the  pubis  changes  abruptly  its  direction,  tending  forwards 
for  a  space  of  about  38  centim.  This  part  has  sustained  some 
mutilation,  so  that  its  extent  is  not  shown  ;  but  a  small  part  of  the 
natural  margin  is  preserved  near  the  symphysial  end,  and  this  suggests 
that  the  missing  part  was  incurved.  The  outer  surface  of  the  bone, 
in  its  upper  part,  is  sinuous  in  a  direction  transverse  to  the  long  axis, 
being  gently  concave  behind  and  convex  in  front  of  the  axis.  The 
length  of  the  bone  from  the  acetabular  part  to  its  symphysial  end  is 
95  centim.,  the  width  of  its  symphysial  end  40*5  centim.,  that  of  the 
acetabular  end  is  approximately  estimated  at  40  centim.,  and  that  at 
O.J.G.S.  No.  172.  3  b 
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the  lower  end  of  the  pnbo-ischial  suture  is  50  centim.  An  oval  fora« 
men,  6*0  and  6*5  centim.  in  its  two  diameters,  pierces  the  bone  at  a 
spot  not  far  from  the  acetabular  and  ischiatic  borders,  and  31  centim. 
distant  £rom  its  antericnr  border. 

The  ischium  u  a  much  narrower,  less  expanded  bone  than  the 
pubis.  Its  long  axis  appears  as  if  twisted,  the  outer  surface  in  the 
upper  part  looking  outwards  and  in  the  lower  part  of  its  extent 
haying  also  a  backward  inclination.  Its  length  is  91  centim.,  the 
breadth  at  its  upper  end,  taken  between  the  posterior  angle  of  its 
iliac  suture  and  the  lowest  point  of  its  pubic  suture,  is  35  centim. 
Below  this  the  figure  rapidly  contracts,  so  that  at  the  middle  of  the 
bone  the  width  is  only  15*5  centim.,  and  this  continuee  till  towards 
the  lower  end,  where  it  enlarges  to  17  centim. 

The  resemblances  which  these  remains — I  refer  particularly  to  the 
pelvic  bones — ^present  to  those  of  the  Wealden  Ormthopsis  are  bo 
obvious  as  not  to  admit  of  any  doubt  respecting  the  very  near 
affinity  of  these  two  Dinosaurs,  if,  indeed,  they  are  not  actually 
identical.  The  chief  differences  observable,  the  much  larger  size 
and  the  massiveness  of  the  Kimmeridgian  form,  are  of  a  kind  which 
may  merely  express  the  greater  age  of  this  individual,  and  they  do 
not  indicate  generic  distinctness.  Pending,  therefore,  the  acquisition 
of  new  materials  which,  permiting  the  extension  of  the  comparison 
to  other  parts  of  the  skeleton,  will  furnish  a  decisive  solution  of  the 
question  of  affinity  or  identity,  it  appears  to  me  preferable  to  include 
&e  Kimmeridge  Dinosaur  in  the  genus  Omiihopsis  than  to  make 
a  new  genus  for  it.  I  propose  for  it  the  specific  name  Leedsii^ 
in  recognition  of  the  liberality  with  which  Mr.  A.  Leeds  affords 
to  scientific  inquirers  the  opportunity  of  studying  his  valuable 
collection ;  and  I  am  happy  to  express  here  my  personal  obliga- 
tion to  him  and  Mr.  Ch.  Leeds  for  much  valuable  assistance 
kindly  rendered  in  the  course  of  my  inquiry. 

In  a  former  communication  to  this  Society  I  expressed  my  con- 
viction of  the  very  near  affinity  of  Cetioiaurtis  oxoniensis  and  Orni- 
tJiopsis*.  This  was  based  chiefly  on  their  vertebral  resemblances } 
for  the  ischium  and  pubis  of  the  latter  were  then  unknown.  But 
the  similarity  is  not  less  striking  between  their  pelves,  as  will 
become  evident  upon  a  comparison  of  the  figure  of  the  inferior  pelvic 
elements  of  Omithcpsis  in  pi.  xiv.  voL  xxxviii.  of  the  '  Quarterly 
Journal '  of  our  Society  with  the  diagram  at  p.  277  in  Phillips's 
<  Geology  of  Oxford '  (London,  1871);  only,  because  the  bones  are 
represented  misplaced,  each  figare  in  this  diagram  must  be 
turned  over,  the  margins  of  the  pubis  and  ischium  in  proximity 
to  which  the  measurements  1,  2  occur  should  be  removed  from  these 
numerals,  and  the  roughened  borders  near  the  word  ^  Uium^  should 
be  joined  vertically  below  the  letter  "  a."  When  this  very  excus- 
able error  has  been  rectified,  the  resemblances  of  the  two  pairs  of 
pelvic  elements  are  very  significant. 

*  Quart.  Joum.  QeoL  Soo.  vol.  rxviii.  p.  86,  vol.  xxxv.  p.  757,  voL  xzxriii. 
p.  874. 
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Of  the  taxonomic  position  of  OmUTtopsis  in  the  Order  Dinosanria 
there  cannot  be  any  doubt.  Accepting  Prof.  0.  C.  Marsh's  classifi- 
cation 88  best  representing  our  present  knowledge  of  the  order,  Orni- 
tJupsis  certainly  falls  into  the  group  Sauropoda,  and  should  find  its 
place  amongst  the  members  of  the  Atlantosauridsd. 

Partn. 

Ohosaubus. 

The  remains  which  in  May  1886  were  thought  by  Dr.  "Wood- 
ward and  myself  to  be  referable  to  OmosaurtiSy  a  Dinosaurian  genus 
of  which  the  type  specimen,  from  the  Kimmeridge  Clay  of  Swindon, 
is  preserved  in  the  British  Museum,  comprise  a  sacrum  with 
both  ilia,  a  caudal  vertebra,  parts  of  the  other  vertebral  centra,  a 
femur,  a  metapodial  bone,  and  many  small  and  indeterminable 
fragments. 

Pelvis. — ^The  sacrum^  still  retaining  its  connexion  with  the  ilia, 
is  mutilated,  and  it  has  been  flattened  and  otherwise  disturbed  by 

Fig.  2. — Pelvis  of  Omosaurus  durobrivensis,  Hulke^  from  the  Kim- 
meridge Clay  of  Northamptonshire.     One-tenth  natural  size. 


pressure,  which  has  overthrown  and  squeezed  down  the  spinous  pro- 
cesses upon  the  right  transverse  processes,  hiding  the  junction  of  these 
with  the  neural  arches.  The  centra  of  the  vertebrse  have  disappeared, 
so  that  in  a  ventral  view  the  under  or  neural  surface  of  the  neural 
arches  is  seen.  The  arches  appear  synostosed,  thus  forming  a 
continuous  vault  in  which  the  original  distinctness  of  its  several 
segments  is  doubtfully  traceable,  a  structural  arrangement  architect- 

Zh2 
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nrally  imitatiiig  the  roof  of  a  brain-case.  The  spacioosness  of  this 
sacred  expansion  of  the  neural  canal  may  be  inferred  from  the  di- 
mensions of  the  best-preserved  part  of  the  roof,  which  are  16*6  centim. 
longitudinally,  and  8  centim.  transversely.  The  transverse  processes 
of  the  sacral  vertebrae  are  long,  the  second  on  the  left  side  measures 
24'3  centim. ;  their  vertical  extent  was  considerable,  their  fractured 
and  mutilated  lower  border  suggests  their  downward  extension  below 
the  neuro-central  suture  upon  the  lateral  aspect  of  the  centrum. 
The  number  of  sacral  vertebrae,  inferred  from  that  of  the  transverse 
processes  prolonged  to  the  ilium,  is  four.  Two  in  front  of  these  I 
am  inclined  to  regard  as  lumbar,  from  the  different  direction  and 
length  of  the  transverse  processes. 

Ilia,— The  ilium  is  remarkable  for  the  great  length  of  tiie  prae- 
acetabular  process  ;  that  of  the  left  ilium  (the  better  preserved)  is 
53  centim.,  the  present  entire  length  of  the  bone  being  85*5  centim. 
The  breadth  of  the  process  taken  just  in  front  of  the  aoetabtdum  is 
18  centim.,  and  at  the  distance  of  15  centim.  from  its  free  anterior 
extremity  it  is  15  centim. ;  thus  the  borders  of  the  process  are  almoet 
parallel.  The  acetabulum  is  capacious,  the  length  of  its  chord 
is  24*7  centim.  The  part  lying  above  the  acetabulum  presents  a  stout 
crest,  which  now  projects  externally  beyond  the  outer  lip  of  this 
cavity,  but  which  probably,  before  the  bone  was  distorted  by  pressure, 
was  more  erect.  The  longitudinal  outline  of  this  crest  ascends  for- 
wards in  a  convex  curve  from  the  posterior  extremity  of  the  ilium 
to  above  the  middle  of  the  acetabulum ;  in  front  of  tlus  it  descends, 
becoming  concave,  and  is  lost  upon  the  prseacetabular  process. 

Vertebra, — A  caudal  vertebra,  well  preserved,  closely  reproduces 
in  its  general  features  those  of  Omosaurus  armattu.  The  total  height 
of  this  vertebra  from  the  apex  of  its  spinous  process  to  the  lowest 
part  of  the  posterior  articular  surface  is  38*1  centim. ;  the  height  of 
the  spinous  process  and  arch  is  26*5  centim. ;  the  vertical  diameter 
of  the  anterior  articular  face  is  11*2  centim.,  and  the  transverse 
horizontal  diameter  9*2  centim.,  the  same  diameters  of  the  posterior 
articular  surface  being  12-6  and  11-2  centim. ;  and  the  antero-pos- 
terior  dimension  or  length  of  the  centrum  is  6*8  cennm.  Thus  the 
spinous  process  is  lofty,  the  contour  of  the  articular  surface  is  nearly 
circular,  the  vertical  dimension  slightly  preponderating.  The  figure 
of  these  surfaces  is  gently  concave,  the  depression  of  the  posterior 
slightly  exceeding  that  of  the  anterior  surface.  The  right  transverse 
process,  nearly  entire,  has  the  figure  of  a  triangular  vertical  plate. 
Its  lower  border  is  directed  nearly  horizontally  outwards,  its  upper 
border  descends,  its  base,  borne  chiefiy  by  the  centrum,  ascends  above 
the  neuro-central  suture  upon  the  side  of  the  arch.  The  free  end  of 
the  process,  swollen  and  obliquely  cut,  exhibits  appearances  which 
suggest  its  having  borne  a  rib,  as  occurs  in  a  few  anterior  caudal 
vertebrsB  of  some  existing  Lizards.  The  depth  of  the  transverse 
process  near  its  base  is  14'8  centim.,  its  length  is  9*4  centim. 
Below  the  transverse  process  the  surface  of  the  lateral  aspect  of  the 
centrum  is  depressed,  being  concave  longitudinaUy  and  vertically. 

Two  other  very  imperfect  vertebral  centra  have  a  slightly  oon- 
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strioted  cylindroid  form  with  plane  or  gently  concave  articular  ends. 
The  presence  of  a  large  internal  space  now  filled  with  day  points  to 
the  persistence  of  an  intracentral,  nodal  swelling  of  the  notochord.  I 
refer  these  yertehral  centra  to  the  lumbar  region. 

Femur. — This  hope  (the  left)  is  in  excellent  preservation,  though 
somewhat  flattened  by  pressure.  In  its  straightness,  and  scarcely 
observable  axial  twist,  it  closely  repeats  the  femur  in  the  type  of 
OmMowrM  armatus.  Its  proximal  end  bears  a  well-marked  oval 
articular  caput  separated  by  a  shallow  depression  from  a  massive 
external  trochanter  lying  at  the  same  level,  and  not  divided  from 
the  shaft  by  the  deep  narrow  deft  which  is  so  marked  a  feature  in 
the  Iguanodontidffi.  The  distal  end  of  the  bone  exhibits  the  common 
condylar  division  ;  the  inner  condyle  is  rather  more  prominent  an- 
teriorly, the  outer  condyle  broader.  The  dorsal  or  extensor  surface 
is  traversed  longitudinally  by  a  depression,  wide  and  shallow  in  its 
proximal  part,  narrower  at  the  middle  of  the  shaft,  and  deeper  and 
wider  distally,  where  it  runs  out  between  the  condyles.  A  low, 
narrow,  but  perfectly  distinct,  crest-like  inner  trochanter  is  present 
at  the  inner  border  of  the  bone,  at  the  middle  of  the  shaft.  The 
posterior  interoondyloid  groove  is  deep  and  wide.  The  length  of 
this  femur  is  100  centim.,  the  breadth  of  the  proximal  end  is  28 
centim.,  that  of  the  distal  end  27  centim.,  and  that  of  the  middle  of 
the  shaft  at  the  levd  of  the  inner  trochanter  13  centim.;  the 
diameters  of  the  caput  femoris  are  12*5  centim.  and  14*5  centim. 

Metapodium. — A  bone  which  I  refer  to  the  metatarsus,  from  its 
likeness  to  the  metatarsals  of  Stegosaurus  (all  the  component  bones 
of  the  foot  of  which  are  figured  by  Prof.  0.  C.  Marsh),  is  14-5  centim. 
long.  Its  shaft  has  a  cylindroid  figure  flattened  at  one  side.  Its 
middle  is  gently  constricted,  and  its  ends  expanded.  The  contour 
of  the  proximal  end  is  a  roughly  quadrilateral  figure,  in  which  the  side 
answering  to  the  flattened  sides  of  the  shaft  is  straight,  the  opposite 
side  being  convex.  The  distal  end  is  unequally  subdivided  into  two 
condyles,  the  larger  of  which  is  prolonged  much  further  on  the 
plantar  aspect  than  is  the  other.  This  longer  condyle  coincides  with 
the  convex  border  of  the  shaft  and  similarly  convex  aspect  of  the 
proximal  end.  I  am  disposed  to  refer  this  bone  to  the  outer  side  of 
the  left  foot. 

The  correspondence  of  these  remains  with  those  of  Omosaurus 
armatus,  E.  Owen,  is  so  dose  that  I  cannot  hesitate  to  refer  to  this 
genus  the  Dinosaur  which  they  represent.  The  chief  differences,  the 
less  massive  forms  of  the  bones  and  the  hollowness  of  the  vertebral 
centra,  may  only  express  difierences  of  age.  In  these  points  and 
also  in  the  more  narrow  and  elongated  form  of  the  pneacetabular 
process  there  is  a  closer  approach  to  Stegosaurus  0.  C.  Marsh, 
between  which  and  OmosauruSy  the  very  closest  affinity  exists.  For 
this  new  species  I  propose  the  distinctive  name  of  Omosaurus  duro- 
brivensis,  from  the  name  of  a  Eoman  settlement  near  the  present 
site  of  Peterborough. 

Dermal  Armour. — ^All  the  remains  just  described  were  associated, 
affording  a  strong  presumption  of  their  having  all  been  parts  of  one 
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individual ;  their  general  facies,  also,  and  the  character  of  the  osseona 
tissues  leave  no  doubt  on  my  mind  that  they  are  parts  of  one  skeleton. 
From  the  same  locality  Mr.  A.  Leeds  has  also  obtained  many  frag- 
ments of  large,  thin,  flat,  bony  plates,  which  cannot  be  referred  to 
any  part  of  the  endoskeleton  and  which  doubtless  represent  a  dermal 
armour.  Two  of  these  shields,  which  have  been  reconstructed  by 
accurately  placing  together  their  fragments,  show  that  their  ori- 
ginal dimensions  were  very  considerable,  the  present  breadth  of 
one  being  not  less  than  50  centim.,  and  that  of  another  about  80 
centim.  It  has  not  yet  been  possible  to  reconstruct  them  so  com- 
pletely as  to  show  their  original  contour.  They  are  formed  of 
two  thin  tables  with  an  intermediate  diploe.  The  free  surface  of 
one  table  is  smooth  and  mostly  of  finer  grain  than  the  other,  which  is 
usually  impressed  by  long  pits  and  furrows,  and  those,  as  also  the  finer 
grain  of  the  bone,  show  a  radial  arrangement  starting  from  the 
stoutest  part  of  the  plate,  which  rises  as  a  low  hummock  above  the 
general  level  of  that  which  I  regard  as  the  upper  or  outer  surface. 
This,  which  presumably  represents  the  centre  of  ossification  of  the 
plate,  imparts  a  stoutness  in  one  plate  of  3  centim.,  thinning  out 
towards  the  periphery  to  less  than  the  thickness  of  a  pla3'ing-card. 
Perhaps  this  has  been  reduced  by  pressure.  A  few  fragments  pre- 
serve a  natural  edge ;  this  has  the  form  of  a  slightly  swollen  lip,  bounded 
towards  the  expansion  of  the  plate  by  a  submarginal  groove,  a  con- 
struction which  suggests  that  adjoining  plates  may  have  been  linked 
together  by  intercalated  flexible  integument. 

The  evident  close  affinity  between  Omosaurus  and  Stegosaurta 
made  it  very  probable  that  as  the  former  possessed  dermal  spines  it 
would  likewise  be  provided  with  tegumental  plates ;  I  am  therefore 
disposed  to  associate  with  the  other  skeletal  remains  the  plates  in 
Mr.  Leeds's  collection.  Should  this  association  be  confirmed  by  new 
discoveries,  the  question  may  arise,  Does  not  the  association  rather 
suggest  that  the  remains  should  with  greater  justice  be  referred  to 
Stegosaunu  than  to  Omosaurta? 

The  Dinosaur  they  represent  has,  however,  in  its  femur  a  distinct 
inner  trochanter ;  this  also  is  present  in  the  type  of  Gmosaurus  armatus; 
while  it  is  stated  that  there  is  no  evidence  of  its  presence  in 
SUgosaurus,  Should  this  difference  be  confirmed,  it  appears  dedsive 
against  the  generic  identity  of  these  two  Dinosaurs;  but  for  the 
moment  reservation  is  necessary  upon  this  subject. 

Up  to  the  present  time  the  reptilian  fauna  of  the  Eimmeridge  Clay 
has  been  chiefly  distinguished  by  the  abundance  of  Ichthyopteryifiu  and 
SauropUrygia^  for  the  numbers  of  its  lehthyosauriy  its  Plesiosauri, 
and  its  Pliosauri  in  their  many  and  distinctive  modifications,  not 
less  than  for  the  numbers  of  its  Crocodilians,  the  TeUosavri  and 
Steneosauri, 

Evidence  is  now  accumulating  that  the  Dinosaurian  group  was  also 
well  represented,  and  this  not  by  one  but  by  several  of  its  subgroups : — 
(a)  The  Omithopoda  by  Iguanodon  Prestxvichii ;  (6)  the  Sauropoda 
by  Omithopsis  or  a  nearly  allied  form ;  (c)  the  Stegosauria  by  Omo- 
saurus  armatus  and  Omosaums  durohrivensis. 
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49.  On  8ome  Nbw  Fbattibes  in  Pblanechh^b  cosAixnniB.  By 
T.  T.  Gbook,  Esq.,  of  St.  John's  College,  Cambridge.  (Read 
June  23, 1887.) 

[Communicatod  by  Prof.  T.  M«K.  Hugbbs,  V.Q,8,] 
[Plate  XXVm.] 

In  vol.  xxxiv.  p.  924,  of  the  '  Quarterly  Journal  of  the  Geological 
Society,'  Mr.  Walter  Keeping,  F.G.S.,  described  two  specimens  of  a  form 
previously  referred  by  Dr.  Wright  to  the  genus  Hemipedina.  He 
showed  that  this  form  was  quite  distinct  from  Hemipedina^  and  gave 
it  the  name  of  Pelaneehinug,  It  showed,  in  his  opinion,  affinities 
with  the  Echinothuridse  on  the  one  hand  and  the  Diadematid®  on 
the  other. 

These  two  specimens  have  hitherto  been  the  only  ones  known, 
with  the  exception  of  a  few  fragments  described  by  Dr.  Wright. 

I  was  fortunate  enough  to  find  in  1881  in  the  Coral  Bag  at  Calne, 
in  a  quarry  at  the  north  end  of  the  town,  a  third  specimen  which 
shows  some  interesting  features  hitherto  undescribed. 

The  diameter  of  the  test  is  about  85  miUim. ;  it  is  considerably 
flattened  from  above  downwards.  The  whole  of  the  oral  surface  is 
beautifully  preserved,  with  the  exception  of  a  sector  including  one 
ambulacrd  and  the  greater  part  of  two  interambulacral  areas.  The 
teeth  are  exposed  in  aitu^  together  with  most  of  the  peristomial 
imbricating  plates ;  the  latter,  however,  are  not  exhibited  so  clearly 
as  in  the  specimen  in  the  Woodwardian  Museum.  A  zone,  about 
15  millim.  wide^  belonging  to  the  oral  surface  is  also  preserved.  My 
Bpecimen  quite  confirms  Mr.  Keeping's  opinion  that  the  test  waa 
flexible. 

The  plates  have  frequently  separated  along  the  line  of  suture, 
especially  on  the  aboral  surface,  while  the  median  interambulacral 
line  and  the  lines  of  junction  between  the  ambulacra!  and  interam- 
bulacral areas  have  frequently  broadened  into  gaping  fissures :  the 
calcareous  matter  between  the  plates  must  either  have  been  deficient 
or  wanting ;  the  plates  themselves  are  occasionally  bent,  but  very 
seldom  broken. 

The  InUrawJbulaeral  Areas  (fig.  1)  diflfer  considerably  on  the  under 
and  upper  sides  of  the  test.  At  the  equator  there  are  two  large 
median  tubercles  to  each  plate,  and  two  smaller  lateral  ones; 
towards  the  mouth  all  these  decrease  regularly  in  size,  and  at  k 
little  distance  from  the  peristome  diminish  first  to  three,  and  then 
to  two  on  a  plate,  the  two  innermost  rows  (t.  e,  nearest  the  median 
interambulacral  line)  disappearing  first,  while  the  outermost  of  the 
large  tubercles  are  the  only  ones  that  are  represented  on  the  last 
plates.  Above  the  equator  a  similar  diminution  in  siBe  takes  place 
in  three  of  the  rows ;  the  innermost  row  of  large  tubercles  almost 
immediately  disappears,  as  also  does  the  outermost  row  of  the 
smaller  tubercles.  The  outer  row  of  large  tubercles  retain  almost 
their  full  size. 
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The  plates  are  widest  at  the  equator,  but  regularly  increase  in 
height  from  the  peristome  up  to  the  highest  point  seen. 

ThnB  on  the  under  surface  we  have  elongated  plates  with  several 
taberdes,  while  on  the  upper  surface  the  plates  are  deep,  bearing  one 

Kg.  1. — Portion  of  an  Interambulacrdl  Area  of  Pelanechinus 
oorallinus.     x  2. 


)a 


* 


a,  FlatoB  on  oral  surface. 

b.  Plates  on  aboral  surface. 


m.  Median interambulacralline. 
p.  Peristomial  notch. 


primary  tubercle,  the  greater  part  being  covered  with  minute  tubercles 
and  granulations. 

The  plates  end  abruptly  at  the  peristome  in  a  rounded  prominence 
separated  from  the  ambulacra  by  moderately  deep  peristomial  notches. 

The  plates  on  the  aboral  side  of  the  test  seem  to  have  been  free 
and  movable  upon  one  another,  as  they  have  commonly  separated 
along  the  lines  of  suture,  and  the  sutures  are  seen  at  the  equator  to 
be  the  expressions  of  clean  vertical  cuts  whose  edges  are  often  some- 
what smoothed  off,  while  the  uppermost  plates  have  their  borders 
well  rounded.  Tlus,  I  believe,  explains  the  fact  that  the  apical 
portion  of  the  test  is  wanting  in  all  specimens  hitherto  found,  though 
the  rest  is  so  well  preserved.  The  shape  and  disposition  of  the 
interambulacral  plates  undergo  a  remarkable  change  on  the  upper 


Digitized  by  LjOOQ IC 


HEW  FEATUBXS  IK  FSLANBOHIinrB  OOBALLINTTS.  705 

side  of  the  test  immediately  after  the  equator  is  passed.  Their 
'  boundaries,  before  only  slightly  and  regularly  undulating,  here 
become  distinctly  curved,  while  their  inner  extremities  become  much 
less  in  width  than  their  outer;  the  result  is  that  a  triangular 
depression  (fig.  6)  is  left  in  the  interambulacral  areas,  giving  the 
apical  area  a  pentagonal  outline.  The  uppermost  plates  at  the  same 
time  overlap  from  below  upwards ;  this  may,  however,  be  due  to  pres- 
sure, but  I  believe  is  natural,  as  a  certain  amount  of  bevelling  off  at 
the  edges  is  perceptible. 

It  is  noteworthy  that  the  direction  of  overlap  differs  from  that  of 
the  Echinothuridse,  but  is  the  same  as  in  Astrapyga  *.  This  genus 
it  also  resembles  in  the  behaviour  of  the  interambulacra  on  the 
aboral  side  of  the  test,  the  plates  undergoing  precisely  similar  changes 
in  shape  and  disposition  f. 

The  triangular  depressions  I  believe  to  be  due  to  the  projection 
of  the  genital  plates,  which  were  probably  large ;  the  pentagonal 
outline  of  the  central  space  probably  represents  the  shape  of  the 
apical  disk,  which  must  have  been  of  considerable  size. 

This  view  is  confirmed  by  the  behaviour  of  the  ambulacra,  which 
narrow  rapidly  on  the  upper  side  of  the  test  {^,  5),  and  show  cha- 
racters wMch  indicate  that  they  are  not  far  from  their  apical  termina- 
tion (fig.  4, 6). 

In  their  dongated  shape,  general  appearance  and  behaviour,  and 
in  their  loose  connexion,  the  interambulacral  plates  resemble  those 
of  the  EchinothuridsB  and  AstropygUy  the  upper  plates  especially 
(see  figs,  of  Asihenosoma  and  PTiormosoma  i). 

In  the  notched  peristome,  and  the  contrast  between  the  plates  of 
the  corona  and  peristome,  and  between  the  ambulacral  and  interambu- 
lacral areas,  the  test  resembles  that  of  Echinidse  and  DiadematidaB. 

The  Ambulacral  Areas  (figs.  2  &S)  were  not  correctly  described 
by  Keeping  §.  The  structure  of  the  plates  is  best  shown  at  the 
equator.  Each  plate  is  pentagonal  and  has  nine  pairs  of  pores  dis- 
posed in  three  oblique  rows,  each  pair  surrounded  by  a  peripodium. 
It  IB  traversed  by  two  sutures,  which  extend  from  margin  to  margin, 
and  indicate  the  boundaries  of  the  three  primary  plates  which  enter 
into  its  composition ;  each  of  these  primaries  bears  a  tubercle  and 
has  at  its  outer  border  a  pair  of  pores.  The  middle  primary  is  the 
largest  and  supports  the  largest  tubercle ;  its  inner  border  occupies 
by  far  the  greater  part  of  the  boundary  formed  by  the  median 
ambulacral  line ;  the  aboral  primary,  comes  next  in  size,  while  the 
adoral  is  smallest  and  bears  the  smcdlest  tubercle.  In  addition  to 
the  three  primaries  there  are  six  demiplates,  which  do  not  extend 
from  margin  to  margin  ;  each  bears  ordinarily  a  pair  of  pores.  The 
grouping  of  these  component  plates  is  seen  in  fig.  2.    The  adoral 

*  Wyyille  Thomson,  "  On  the  Echinoidea  of  the  '  Porcupine '  Deep-flea 
Dredging  Expedition"  (Phil.  Trans.  Boyal  Soo.  vol.  164,  part  2,  p.  732). 

t  I  am  indebted  to  Prof.  Jeffrey  Bell  for  an  opportunity  of  examining  this 
and  other  ffenera  in  the  British  Museum. 

\  '  Chalknger '  Beport ;  Echinoidea,  Al.  Agassiz ;  and  Wyyille  Thomson,  PhiL 
Trans.  Bo^al  Soo.  1874,  pL  Ixr. 

I  W.  Keeping,  loc.  oit. 
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boundary  of  the  compound  plates  is  oconpied  by  a  primary ;  then 
come  two  demiplates,  the  pores  of  which  form  with  those  of  the  pri- 
foary  one  of  the  three  oblique  rows.    The  largest  primary  succeeded 

Fig.  2. — Two  Arnbdacral  Plates  from  the  Equator  of 
Felanechinus  corallinus.     x  4. 


I 
a 

a,  aboral ;  6,  adoral  boimdaty. 

Fig.  3. — Amhdacral  Plata  frora  above  the  Equator  of 
Felanechinus  corallinus.     x4. 


by  two  demiplates  forms  the  second  oblique  row,  while  the  aboral 
primary  with  two  demiplates  forms  the  third.  At  one  place  {^.  2) 
where  some  of  the  pores  are  aborted,  the  boundaries  of  the  demi- 
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plates  are  seen  very  distinctly.  The  primaries  can  readily  be  traced 
across  by  means  of  the  granulations  and  tubercles  covering  them. 
The  sutures  traverse  the  base  of  the  large  tubercle,  which  thus 
rises  from  all  three  primaries. 

I  have  described  the  structure  of  these  plates  at  length  because 
I  believe  the  type  to  be  a  new  one.  It  does  not  seem  to  be  included 
under  any  of  the  six  types  given  by  Prof.  Duncan,  in  his  paper  on 
the  ambulacra  of  fossil  Echinoidea  *.  Of  these  six  the  only  ones 
it  at  all  resembles  are  the  Echinoid  and  Diadematoid ;  firom  the 
former  it  differs  in  having  primaries  in  the  middle,  and  from  the 
latter  in  having  demiplates  in  the  middle. 

This  structure  may,  however,  have  arisen  from  the  fusion  of  three 
oligoporous  plates  into  one ;  thus  each  of  the  primaries  with  the  two 
demiplates  above  would  represent  an  oligoporous  plate.  Three  of 
these  fusing  with  one  another,  together  with  development  of  the 
middle  one  with  its  tubercle  at  the  expense  of  the  two  others,  would 
give  us  such  a  polyporous  plate  as  we  have  before  us. 

This  phenomenon  seems  to  me  quite  analogous  to  the  method  of 
formation  of  the  oligoporous  plates  from  three  primaries,  especially 
in  the  case  of  many  Diadematoid  and  Arbacioid  forms  in  which  the 
middle  plate  develops  at  the  expense  of  the  other  two.  Whilst  enter- 
taining this  idea,  I  was  much  interested  to  find  that  towards  the 
apex  the  association  between  the  primaries  seems  much  less  inti- 
mate, the  sutures  being  replaced  by  deep  fissures,  and  the  adoral 
and  aboral  primaries  with  their  tubercles  relatively  larger  and  more 
independent ;  in  fact  I  believe  that  in  the  uppermostplates  seen,  where 
the  most  primitive  condition  doubtless  prevails,  the  oligoporous 
condition  actually  obtains,  though  the  plates  are  not  quite  of  the  same 
size. 

Traced  towards  the  mouth  the  structure  of  the  ambulacral  areas 
is  precisely  the  same  as  at  the  equator,  and  the  arrangement  is  still 
trigeminal.  At  the  peristome  the  imbricating  plates  come  in  sud- 
denly. As  the  area  narrows,  the  tubercle  decreases  in  size,  and  the 
middle  primary  ceases  to  project  much  beyond  the  others,  so  that 
the  median  ambulacral  line  running  at  the  equator  in  sharp  S-like 
curves  passes,  through  less  abrupt  curves,  into  a  gently  undulating 
line  finaQy  terminating  in  an  almost  straight  portion. 

Above  the  equator  t£e  main  tubercle  again  diminishes  in  size,  but 
much  more  suddenly,  in  correspondence  with  a  more  sudden  narrowing 
of  the  areas.  As  the  middle  primary  diminishes  in  size,  the  adoral 
and  aboral  primaries  maintain  theirs,  and  their  tubercles  increase 
rather  than  diminish  in  size,  so  that  at  the  highest  point  seen  the 
primaries  with  their  tubercles  show  comparatively  little  difference 
(fiig.  3).  The  plates  here  seem  to  be  in  an  oligoporous  condition, 
and  judging  from  the  diminished  width  of  the  areas,  the  small  and 
nearly  uniform  size  of  the  tubercles,  and  the  gently  undulating 
median  line,  the  ambulacral  areas  are  near  their  aboral  termination. 

The  ambulacral  plates,  then,  of  Pelanechinus  may  be  looked  upon  as 

*  Quart.  Joum.  Geol.  800.  vol.  xli.  188 
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a  modification  of  the  oligoporous  Ecliinoid  type,  in  which  the  two 
aboral  primaries  are  represented  hy  demiplat€«  *  . 

They  could  not,  however,  arise  from  the  fusion  of  three  of  the 
oligoporons  plates  of  the  Echinothuridse  f,  where  we  also  meet 
with  a  trigeminal  arrangement,  as  there  the  demiplates  seem  to  be 
adorally  placed. 

The  ambulacral  areas  seem  at  first  sight  to  present  a  considerable 
amount  of  resemblance  to  those  of  Astropyga  pulvinata  t.  This  form 
has  oligoporous  plates,  each  of  which  has  a  tubercle,  every  third 
plate  being  larger  than  the  other  two,  this  giving  rise  to  an  S-shaped 
median  line.  Prof.  Duncan  has,  however,  shown  that  the  triplets 
are  arranged  after  the  type  of  Diadema^. 

Fig.  4. — One  of  the  Bows  of  Imbricating  Actinal  Plates  in  Pelane- 
chinus  corallinus,  wiOi  the  adjacent  interamhvlacral  (t)  and 
ambulacral  (a)  areas.     X  3. 


( 

V 


f. 

6 

p.  Peristome. 

The  Imhrtcating  Peristomial  Plates  (fig.  4). — These,  in  my  specimen, 
are  not  well  shown ;  but  the  results  of  a  re-examination  of  a  specimen 

*  Dancan,  loc.  cit, 

t  It  is  usually  stated  that  the  plates  of  the  EchiaothuridA  are  simple  pri- 
maries, but  the  figures  of  Agassiz  (' ChalleDger '  Report)  make  it  clear  that  tnej 
are,  at  any  rate  in  many  cases,  oligoporous,  the  demiplates  (=the  so-called  aooes- 
sory  plates)  which  seem  constantly  to  occur  on  the  adoral  side  of  the  primary 
being  distinctly  fused  with  the  latter.  See  figs,  in  •Challenger'  Bc^rt: — 
Phc?mo8oma  hoplacantha  (pi.  rii  a.  fig.  12),  Asthenosoma  teaselUUa  (pi.  xxi  a.  fig.  14), 
Aethenoaoma  Grrubei  (pi.  xvii.  fie.  6),  Asthenosoma  pellucida  (pi.  xriiL  fig.  5). 

1  Joum.  Linn.  Soc.,  Zool.  vol.  xix.  p.  96,  pL  y.  fig.  9, 

}  Duncan,  Joum.  Linn.  Soc.,  Zool.  yol.  xix.  p.  106. 
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in  the  Woodwardian  MuBeam  are  ^ven  in  fig.  4.  At  one  place  tlie 
peristomial  plates  are  beautifally  preserved ;  here  a  row  of  at  least 
13  plates  is  visible,  on  each  of  which  (except  the  most  adoral,  which 
is  partially  hidden)  a  pair  of  pores  is  seen  *.  These,  as  Keeping 
points  ont,  are  arranged  approximately  in  a  vertical  row.  Each  plate 
extends  from  the  median  ambnlacral  to  the  median  interambulacral 
line.  This  is  also  seen  more  or  less  clearly  at  other  points,  both  in 
the  Woodwardian  and  my  own  specimen.  There  are  thns  10  rows  of 
imbricating  plates,  and  all  are  perforated  by  pores.  The  arrange- 
ment thus  difiers  from  that  in  Gtdaris^  where  imbricating  plates  de- 
void of  pores  are  found  opposite  the  interambulacral  area,  but  is 
identical  with  that  found  in  Asthenosoma  Oruhdfy  Phormosoma  bur^ 
saria  t,  P?iormosoma  lueulenia  §,  &c.  The  overlapping  plates  much 
resemble  those  of  Asthenosoma  hystrixW  and  of  Phormosoma  bursaria^ 
and  they  imbricate  and  overlap  one  another  in  exactly  the  same  way. 
The  inferior  (oral)  edge  of  most  of  the  plates  is  tolerably  straight, 
but  in  those  nearest  the  mouth  it  is  raised  up  into  an  eminence 
which  supports  a  member  of  one  of  the  three  rows  of  tubercles  with 
which  these  plates  are  provided. 

PedicellaricB  (PL  XXVIII.).— A  feature  of  great  interest  is  the 
occurrence  of  the  structures  known  as  pedicellarisB.  These,  which 
were  first  made  known  by  0.  E.  Miiller**,  and  have  been  variously 
looked  on  as  parasites,  young  stages  of  Echiniy  &c.,  are  now 
recognized  as  spines  peculiarly  modified  for  prehensile  purposes. 

They  have  not  hitherto,  so  far  as  I  have  been  able  to  ascertain, 
been  described  as  occurring  in  a  fossil  state.  Prof.  Zittel  remarks 
in  his  •  Handbuch  der  Palaontologie,'  vol.  i.  p.  474 :-  **  PediceUarics 
....  are  of  no  practical  significance  to  the  pakeontologist,  since, 
on  account  of  their  delicate  nature  and  small  size,  they  are  not 
<»ipable  of  being  preserved."  I  have,  however,  found  them  in  great 
variety  and  abundance,  and  in  beautiful  preservation. 

Though  small,  they  are  distinctly  visible  to  the  naked  eye.  The 
only  satisfactory  way  to  examine  them  was,  1  found,  to  place  the 
whole  urchin  on  the  stage  of  the  compound  microscope,  and  use  a 
good  illumination.  If  this  method  were  employed,  I  believe  the 
pedicellarisB  would  be  found  in  many  other  cases  also. 

The  pediceUariae  of  Pdanechinus  are  all  3-valved,  and  their  surface 
shows  here  and  there  numerous  granulations.  I  have  found  three 
distinct  varieties,  and  of  the  three  kinds  into  which  the  pedicellarisB 
of  Echinus  were  divided  by  Yalentinft,  whose  nomenclature  has 
been  generally  adopted,  I  believe  two  are  represented. 

*  Piof.  Zittel,  in  his  *  Handbuoh  der  Palaontolorie/  yoL  i.  p.  504,  refers  to  this 
form  as  haTing,  according  to  Keeping,  periBtomial  plates  devoid  of  pores  \  this, 
however,  is  not  correct,  as  Keeping  distinctly  states  that  the  ambulacral  pores 
are  continued  over  these  plates  to  the  mouth.  They  are  also  Tiaible  in  my  spe- 
cimen ;  but  fig.  3  will  remove  all  doubt. 

t  '  Ohallenger '  Beport,  Echinoidea,  pL  xrii.  figs.  1-4. 

t  Ibid.  pL  x6.  fig.  a.  §  Ibid.  pi.  xa.  fig.  4. 

II  PhiL  Trans.  Eoyal  Soc.  1874,  pi.  Ixvi.  flff.  1. 

J'  Challenffer'  Beport,  Echinoidea,  pL  x&.  ^,  8. 
Zoologia  Daoica,  1788,  p.  16.  ft  Monographie  do  TEohinus. 
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(a)  The  commonest  variety  is  represented  in  PL  XXYIIL  fig.  1. 
The  largest  seen  (fig.  Id)  measured  about  1  millim.  in  length.  In  shape 
they  are  conical  and  each  consists  of  three  valves  which  fit  neatly 
and  tightly  together.  I  could  detect  no  teeth  on  them.  They  vary 
in  size  ;  each  valve  is  broadest  at  its  base,  and  is  furnished  with  a 
rounded  knob  dose  to  the  point  of  attachment.     In  front  it  narrows, 

Kg.  5. — Oral  Surface  of  Pelanechinus  corallinus  (restored), 
Nat.  size. 


and  then  expands  again  to  a  broad  spoon-shaped  piece.  The  in- 
terior of  the  valve  is  shown  in  figs.  4e  and  /•.  The  lower 
portion  is  seen  to  be  divided  by  a  median  crest,  which  in  recent 
pedicellarisB  gives  attachment  to  the  muscles  connecting  the  valves 
togethert .  This  variety  only  occurs  in  a  depression  immediately 
surrounding  the  imbricating  plates.     They  probably  have  Ipng  stems. 

*  Fig.  l/i8  very  diagrammatio. 

t  P.  Geddefl,  Trans.  Eoyal  Soc.  Edinburgh,  vol.  xxx.  part  i.  p.  383. 
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(h)  On  the  oral  0ar&oe  of  the  test,  extending  to  a  greater  distance 
from  the  peiiBtome  than  the  last  variety,  are  found  a  numher  of  very 
slender  peidioellariffi.    These  also  have  three  valves ;  the  hase  is  tri« 

Eig.  6, — Half  the  JJbcrdl  Surface  of  Felanechinus  corallinus.    x  1|« 


angular  and  lies  nearly  at  right  angles  to  the  long  slender  prong  into 
which  it  passes.  These  may  perhaps  be  referred  to  the  type  known 
as  gemmilbrm  (PI.  XXYIU.  fig.  2).  The  one  figured  measures  1*16 
millim.  in  length.    These  also  probably  had  long  stalks. 
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(c)  Of  the  third  yariety  only  a  single  specimen  oocars,  it  was  fonnd 
on  the  npper  side  of  the  test,  near  the  middle  of  an  interamhnlacral 
area.  It  is  mnch  larger  than  the  others,  and  measures  2  miUim.  in 
length.  Each  yalve  has  a  stent  hasal  portion  perforated  hy  a  cir- 
cnlar  foramen.  A  prong  given  off  from  this  widens  oat  at  the  ex- 
tremity into  a  spoon-shaped  end,  the  mai^;ins  of  which  are  supplied 
with  a  number  of  small  triangular  teeth  (PI,  XXVIII.  fig.  3  a). 
This,  and  the  first  variety,  may  be  referred  to  the  tridaotjle  type. 

As  this  pedicellaria  became  detached  from  the  rest  of  the  specimen, 
I  was  enabled  to  examine  it  from  all  points  of  view.  Fig  3  6  is  a 
side  view,  3 c  a  view  from  the  basal  end,  and  Sd  &  view  of  the  three 
spathulate  prolongations.  The  circular  aperture  is  distinct  only  in 
one  of  the  valves.  In  general  shape  this  pedicellaria  resembles 
those  of  Aifthenosoma  hystrix  figured  by  Sir  Wyville  Thomson  *. 

I  have  found  pedicellarisB  of  the  varieties  a  and  h  on  the  specimen 
in  the  Woodwardian  Museum. 

Pedicellarior^tems  (PL  XXVIII.  figs.  4  a,  6,  c,  d). — ^Numerous  ex- 
amples of  these  are  scattered  about  the  test.  They  vary  greatly  in  size, 
but  all  agree  in  having  a  slender  shaft  with  enlarged  extremities  ; 
the  basal  extremity  ends  abruptly,  while  the  free  end  to  which  the 
pediceUarise  were  attached  is  well  rounded.  I  found  none  in  actual 
connexion  with  the  pedicellarisB ;  but  they  are  readily  to  be  distin- 
guished from  the  spines ;  they  are  more  slender,  and  the  striations 
on  them  are  much  finer.  The  rounded  ends  have  no  constriction 
such  as  is  found  among  the  Echinothuridse  and  Diadematidffi.  The 
stems  more  resemble  those  of  the  EcMnidflB  f. 

Teeth. — I  have  lastly  to  mention  the  teeth.  These  were  fiigured 
and  carefully  described  by  Wright,  in  his  '  Monograph  of  the  Oolitic 
Echinodermata '  J.  Mr.  Keeping,  when  describing  Pelanechinus^  was 
unable  to  find  the  specimen  fig^ured  by  Dr.  Wright.  In  company 
with  Mr.  Newton,  I  succeeded  in  finding  it  in  the  collection  of  the 
British  Museum.  It  is  undoubtedly  referable  to  our  Pdanechinut 
coraUinus,  The  epiphyses  were  probably  not  united  to  form  an 
arch  above  the  teeth. 

Affinities  and  Systematic  Position. — Of  the  distinctness  of  PeUtn-- 
echinus-  as  a  genus  there  can  be  no  question.  While  it  resembles 
the  EchinothuridsB  in  the  flattened  shape,  in  the  flexibility  and  thin- 
ness of  the  test,  in  the  length,  undulating  boundaries,  shape,  and 
general  characters  of  the  interambulacral  plates,  and  above  all  in  the 
nature  and  arrangement  of  the  peristomial  plates,  yet  in  the  con- 
trast between  these  and  the  adjacent  coronal  plat-es,  and  between 
the  ambulacral  and  interambulacral  plates,  in  the  notched  peristome, 
and  in  the  types  and  variety  of  the  pedicellarisa,  it  is  allied  to  the  Gly- 
phostomata  of  Pomel  (Echinidse  and  Diadematidse). 

The  flexible  test  with  overlapping  plates  occurs  also  in  Astropyga 

*  Phil.  Trans.  Boyal  Soc  voL  164,  pi.  Ixiv.  figs.  4,  5. 

t  See  figure  of  Strongylooentratus  in  Al.  Aga£8i2'B  '  Berision  of  the  Ecfauii/ 
pl.  xxiv.  fig.  20. 

X  P.  168,  pl.  rii.  fig.  1  a. 
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among  the  Glyphostomata,  and  this  genus  Pelanechinus  resembles  in 
the  shape  and  character  of  the  aboral  interambulacral  plates. 

It  seems  to  have  affinities  with  both  members  of  the  Glyphostomata. 
It  resembles  the  Diadematidae  in  the  possession  of  simply  grooved 
teeth,  and  the  Echinidee  in  the  structure  of  the  ambulacnd  plates  and 
in  the  shape  of  the  pedicellariar-stems. 

It  thus  occupies  an  intermediate  position  between  the  Echino- 
thuridse  and  the  Glyphostomata ;  and  its  peculiarities  seem  to  entitle 
ity  if  not  to  a  separate  position  between  the  two  families,  at  least  to  the 
rank  of  a  subfamily  (which  might  be  termed  Pelanechinidae)  among 
the  Glyphostomata,  to  which  it  seems  most  nearly  allied.  I  may 
say  that  this  is  the  position  assigned  some  weeks  ago  to  Pelanechinus 
by  Prof.  Alex.  Agassiz  from  a  cursory  examination  of  my  specimen. 
He  expressed  an  opinion  that  Pdanechinua  was  allied  to  the 
EchinothuridsB  on  the  one  hand  and  the  DiadematidsB  on  the  other, 
the  affinity  being  rather  with  the  DiadematidsB. 


Chabactsrs  of  Pelanechinus  corallinus. 

Test.  Circular,  depressed,  thin,  and  probably  flexible. 

Interambulacral  Areas.  Narrow  at  the  peristome,  broadening 
rapidly  to  more  than  twice  the  width  of  the  ambulacra  at  the  equator, 
where  there  are  eight  rows  of  tubercles. 

Plates  differ  on  the  under  and  upper  sides  of  the  test ;  on  the 
under  surface  elongated  and  with  several  tubercles ;  on  the  upper 
surface  broader  and  with  undulating  boundaries,  movable  and  pro- 
bably overlapping  from  below  upwards.  One  primary  tubercle  on 
each  plate. 

Ambulacral  Areas.  Less  than  half  the  width  of  the  interambu- 
lacra  at  the  equator,  narrowing  gradually  towards  the  peristome. 

Plates  towards  the  apex  of  the  oligoporous  Echinoid  type,  with  one 
adoral  primary  and  two  aboral  demiplates;  but  at  the  equator 
compounded  into  polyporous  plates  with  nine  pairs  of  pores  arranged 
in  three  oblique  rows,  one  primary  tubercle  for  each  median  primar}\ 

Peristome.  Large,  about  ^  of  the  diameter  of  the  test.  Peri- 
stomial  notches  of  moderate  depth.  Peristoraial  membrane  covered 
with  10  rows  of  overlapping  and  imbricating  calcified  plates  with  3 
rows  of  tubercles  on  their  free  edges.  Each  plat«  with  perforated 
tubercles,  spines,  granules,  and  a  pair  of  pores  ;  the  successive  pairs 
forming  a  linear  series  continuous  with  the  pores  of  the  ambulacra. 

Dental  Apparatus.  Alveoli  powerful.     Teeth  simply  grooved. 

Apical  System.  Probably  large  and  pentagonal. 

Primary  Tubercles.  Rather  small,  perforated,  and  mounted  upon 
elevated  bases,  with  smooth  and  uncrenulated  summits ;  they  are 
uniform  over  both  areas. 

Spines.  Small,  hollow,  longitudinallv  striated. 

PedicellaricB.  Three  kinds  (PI.  XXVIII.)  :— 
(a)  Small  tridactyle  from  round  the  peristome,  probably  long- 
stalked  (fig.  1). 

aJ.G.S.  No.  172.  3o 
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(5)  Gemmifonn  from  the  oral  suiface,  probably  long-etemmed 

(%.  2). 
(c)  Large  tridactyle,  spoon-tipped,  from  the  aboral  sniface 
(fig.  3). 
PedieeUaria-^tenu.    Long,  slender,    head    without    oonstzictiQD 
(fig.  4). 

EXPLANATION  OF  PLATE  XXVliL 

Fig.  1,  a,  ^  c,  d.  Pedioellari«  from  round  the  periBtome,  x50.  e,  Litemal  Tierw 
of  one  of  the  rtlies,  XGO.  /.  Internal  Tiew  of  an  older  one  (dia- 
grammatic), xdO.    ff.  Basal  Tiew  of  one,  x50. 

2.  Slender  pedioellaria  from  oral  surface,  x50. 

B,  a.  Large  tridactyle  pedioeUaria  £rom  aboral  surface,  seen  from  aboive. 
X40.  b.  Ditto,  seen  from  the  side ;  c,  riew  of  baisal  end ;  d,  yiew  of 
distal  end. 

4,  a,  b,  c,  d,  Pedioellaria-stalks,  x50. 


DiscusBioir. 

Prof.  DuircAir  said  he  had  recently  gone  over  Mr.  Keeping's^ 
drawings,  and  his  interpretation  of  the  peristomial  plates  resembled 
Mr.  Groom's.  The  imbricating  plates  are  all  ambulacral,  there 
being  no  interradial  plates  of  that  nature  as  in  Cidaris,  The  dis- 
coTery  of  fossil  pedicellarisd  was  quite  new. 
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50.  Notes  on  the  MBTAaiOBPHic  Bocks  of  South  Deyoit. 
By  Cathbbiwe  A.  Raisin,  B.Sc.    (Read  Jtme  23,  1887.) 

(Communicated  by  Prof.  T.  G.  Bonney,  D.So.,  LL.D.,  P.R.S.,  F.G.S.) 


Cohtehtb. 


I.  Boundary  of  Slaty  and  Metamor- 
phio  Series. 

1.  Hope  Oove. 

2.  West  of  Salcombe  Eatuaiy. 

3.  East  of  Salcombe  Estuary. 

4.  Southward  of  South  Pool. 

5.  Eastward    of   Estuary ;   inland, 
and  Hall  Sands. 

II.  Microscope  Slides  and  Litbologi- 
cal  Oharacters  of  Metamorpmo 
Books. 
A.  Microscope  Slides. 

1.  Chlorite-Schists. 

2.  Micaceo-chloritic  Schists. 
S.  Mica-Schists. 


B.  Macroscopic  Structures. 

1.  In  Mica-  and  Micaoeo-chloritio 
Schists.  Strain-slip  cleavage. 

2.  In  Chlorite-SchisU. 

III.  Stratigraphical  succession  in  Me- 
tamorphic  rocks  from  their 
northern  limit 

1.  (a)  Interbanded  Series. 
(6)  Ohlorite-Schist. 

2.  (a)  Mica-Schist. 
(6)  Interbandings  ? 

3.  Mica-Schist. 
Estuary  south  of  South  Pool. 
Eastward  of  South  Pool. 

IV.  Summary. 

There  are  scanty  notices,  by  De  la  Beche  and  other  earlier  writers, 
of  this  southernmost  part  of  Devonshire ;  but  later  it  has  been  very 
fully  described  by  Professor  Bonney  * ;  and  taking  his  paper  as  a 
guide,  I  was  able  during  two  visits  to  obtain  some  knowledge  of  the 
district.  I  have  ventured  to  think  that  a  few  supplementary  details 
might  be  of  some  slight  interest. 

L  Boundary  op  Slaty  and  Mbtamorphig  Series. 

As  I  had  not  time  to  visit  thoroughly  all  parts  of  the  district,  I 
tried  primarily  to  make  an  examination  of  the  exposures  in  the 
vicinity  of  the  junction  of  the  slaty  and  the  metamorphic  series. 
Here  I  was  anxious  to  arrive  independently  at  a  concluiion  on  the 
question  whether  metamorphism  had  affected  a  continuous  series 
of  beds,  or  whether  the  southern  rocks  had  the  character  of  a  sepa- 
rate and  probably  much  older  formation.  Hence,  before  visiting  any 
of  the  sections  already  described,  I  made  expeditions  to  two  localities 
on  the  shores  of  the  estuary  north  of  Portlemouth,  where  I  found 
exposures,  in  one  place  quite,  in  the  other  nearly,  continuous  from 
Devonian  to  metamorphic  rocks.  I  had  no  real  difficulty  in  deciding 
when  I  had  passed  from  one  formation  to  the  other,  and  the  opinion 
then  formed  as  to  the  complete  distinctness  of  the  two  series  was 
confirmed  by  further  examination  in  the  field  and  by  the  microscope. 

Along  the  southern  boundary  of  the  slaty  rocks,  I  visited  the  cliff 
exposures  of  the  eastern  and  western  coasts,  those  bordering  the 
estuary,  and  1  also  zigzagged  across  parts  of  the  intervening  country. 

1.  Hope  Cove, — The  western  limit  of  the  boundarj'  line  at  Hope 
village  is  marked  on  the  Survey  map,  and  has  been  described  by 

*  Quart  Joum.  GkoL  Soo.  vol.  xl.  p.  I. 
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Prof.  Bonney,  as  ranning  out  to  sea  in  the  cove  just  north  of  a 
small  rocky  headland.  I  was  able,  owing  to  a  more  favourable  tide, 
fo  skirt  this  headland  for  a  short  distance,  and  found  dear  evidence 
that  its  northern  face,  as  suggested,  *^  has  been  determined  by  the 
fault.''  While  the  mass  of  the  headland  is  of  mica-schist,  fragments 
of  what  are  evidently  beds  of  the  slaty  series  are  found  coating  its 
northernmost  portion.  They  agree  with  that  series  in  direction  and 
amount  of  dip ;  and,  lithologically,  are  very  like  beds  occurring  at  a 
junction  near  South  Pool,  to  be  described  immediately.  They  con- 
sist chiefly  of  impure  limestone,  very  much  indurated  and  crystalline 
in  character,  and  of  brittle  bands  of  blackish  material  having  a  very 
crushed  and  sliokensided  look.  At  a  higher  level,  where  the  scour 
of  the  waves  between  high  and  low  tide  would  be  stronger,  the 
neck  of  the  headland  has  been  worn  away  rather  more  deeply,  and 
exposes  down  its  cliff  signs  of  what  I  believe  is  the  faulted  junction. 

2.  West  of  Salc-ombe  Estuary, — On  the  western  shore  of  Salcombe 
estuary,  as  Prof.  Bonney  has  described,  the  actual  junction  is  not 
seen ;  but  we  can  easily  recognize  when,  from  smooth  satiny  slates 
dipping  evenly  to  the  west  of  north  at  about  55°,  we  have  passed, 
over  a  very  short  interval,  on  to  mica-«chist.  To  the  west  of  this 
exposure,  I  noted,  in  a  lane  north  of  Batson,  the  occurrence  of  phyl- 
lites*  followed  by  mica-  and  chlorite-schists,  the  junction  being  rather 
to  the  south  of  the  line  given  on  the  map,  thus  agreeing  with  the 
position  on  the  estuary  suggested  by  Prof.  Bonney. 

3.  East  of  Salcombe  Estttary. — On  the  opposite  shore  of  the  estuary 
I  landed  at  Hal  well  Wood,  and  walked  southwards  by  a  low  cliff, 
where  the  phyllites  were  weU  exposed,  varying  somewhat  in  cha- 
racter, but  all  clearly  of  the  unmetamorphosed  series,  having  a  dip 
of  about  55P  to  the  west  of  north.  Some  bands  wore  fairly  good 
slate,  others  true  phyllite ;  while  here  and  there  the  sheen  surface, 
developed  along  veined  or  coarser  and  more  gritty  parts,  gave  an  ir- 
regular schistose  look  to  the  beds,  which,  however,  was  easily  distin- 
guished as  a  merely  superficial  likeness.  South  of  the  phyllites,  a 
tiny  streamlet  comes  down  to  the  beach,  and  the  mouth  of  its  slight 
valley  extends  about  50  yards  with  no  exposures ;  then  mica-schist, 
at  first  very  brown  and  decomposed,  forms  the  low  cliff. 

4.  Southward  of  South  Pool. — Along  the  arm  of  the  estuary  which 
comes  down  from  South  Pool,  we  can  again  note  where  the  junction  of 
the  two  series  occurs,  and  we  find  it  some  200  yards  south  of  the  line 
drawn  on  the  Ordnance  map.  The  west  shore  gives  us  a  continuous 
section,  and,  in  spite  of  the  ferruginous  rotting  which  has  attacked 
some  75  feet  of  the  rocks,  I  identified,  I  believe,  both  the  original 
phyllites,  with  hard  calcareous  bands  similar  to  those  which  I  found 
at  Hope  Cove,  and  also  the  much  altered,  but  more  massive,  rhom- 
boidally-jointed  chlorite-schist,  which  is  here  the  first  of  the  meta- 
morphic  rocks  to  be  met  with  as  we  go  south.  On  the  east  shore 
there  is  a  blank  of  about  100  yards  (partly  occupied  by  a  cliff  of 
recent  deposit)  which  separates  the  phyllites  on  the  north  from 

*  I  use  the  term  phyllite  to  denote  a  slate  in  which  a  large  amount  of  mioro- 
lithic  mica  is  dereloped. 
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chlorite-scliist  to  the  south ;  and  over  this  space  several  very  small 
springs  flow  oat.  The  more  recent  series  consists  chiefly  of  satiny 
slates,  greenish  or  greyish,  splitting  with  the  characteristic  crisp 
hrittle  fracture,  here  and  there  with  hardened  hands  of  impure  lime- 
stone, and  cut  at  places  hy  thick  white  quartz  veins;  they  are 
occasionally  contorted  and  irregular,  hut  for  the  most  part  lie  smoothly 
and  evenly.  The  phyllites  of  the  western  shore  show  a  steady  dip 
to  the  west  of  north ;  while  the  chlorite  heds,  including  micaceous 
hands,  after  some  variation,  set  in  dipping  towards  the  south.  On 
the  eastern  hank,  the  slaty  heds  dip  with  some  exceptions  in  a 
southerly  direction ;  hut  the  diffe  are  so  low,  and,  in  cuttings  into 
the  phyllite,  I  so  often  noted  a  tendency  for  the  upper  part,  even 
to  a  depth  of  four,  five  or  six  feet,  to  be  bent  over  in  an  opposite 
direction  to  the  true  dip,  that  I  should  hesitate  to  trust  the  southerly 
inclination,  if  there  were  not  a  constant,  though  interrupted,  sug- 
gestion of  it  over  a  space  of  nearly  half  a  mile. 

5.  Eastward  of  South  Pool  Egtuary, — ^At  Hall  Sands  there  is  at 
first  sight  some  little  difficulty  in  fixing  the  boundary  of  the  two 
series  ;  but  on  more  careful  examination,  we  see  that  the  rocks  south 
of  the  stream  all  show  schist-like  fracturing,  and  are  of  very  mica- 
ceous character,  only  with  something  of  the  look  of  phyllites,  due,  I 
doubt  not,  to  subsequent  slickensiding  or  crushing.  To  the  north  of 
the  valley  the  slaty  beds  have,  it  is  true,  a  very  thorough  develop- 
ment of  micaceous  surface,  and,  at  places,  a  wavy  lamination,  which 
gives  a  superficially  schistose  character,  especially  when  accompanied 
by  corrugations  and  irregular  veinings  of  quartz  ;  but  these  beds  are 
soon  interrupted  by  evenly  cleaved  true  slaty  bands.  My  note  made 
on  the  spot,  after  re-examination,  was,  that  '*  any  simulations  of  phyl- 
lite, south  of  Hall  Sands,  and  any  simalations  of  schist,  north  of 
Hall  Sands,  are  in  each  case  local  and  very  inextensive ;  a  small 
flake  of  the  southern  difis  might  be  mistaken  for  phyllite,  and  a 
veined  fragment  of  the  northern  rocks  might  be  thought  approxi- 
mating to  schist,  but  any  larger  examination,  even  in  the  field,  would 
show  the  distinctness."  This  conclusion,  on  referring  to  Prof.  Bon- 
nets paper,  I  found  to  be  in  complete  agreement  with  his  own 
summary  of  the  difficulty. 

I  walked  through  most  of  the  lanes  lying  between  South  Pool  and 
HaU  Sands,  and  found  no  difficulty  in  deciding  whether  an  outcrop 
was  of  slaty  or  of  metamorphic  rock.  Over  much  of  the  country  the 
rocks  are  hidden,  but  deep  cuttings  by  roadsides  and  occasional 
quarries  enabled  me  to  decide  that  the  line  of  fault,  traced  eastwards, 
bends  rather  to  the  south,  running  out  to  the  sea  at  Hall  Sands,  as 
marked  on  Prof.  Bonney's  map.  The  boundary  runs  between  the 
South  Pool  and  Chivelstone  valleys,  along  the  summit,  or  the  north- 
em  slope,  of  the  rising  country ;  its  line  is  not  exactly  defined,  but 
I  rather  incline  to  mark  it  somewhere  along  the  more  southerly  of 
its  possible  positions.  Eastwards,  to  the  south  of  Ford,  I  found 
some  indications,  which  suggest  the  continuation  of  the  fault  south 
of  the  main  road.  Very  good  exposures  mark  its  position  as  passing 
through  Xillington,  to  the  south  of  Muokwell,  and  as  having  deter- 
mined the  lower  part  of  the  course  of  the  Hall-Sands  streamlet. 
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fiouth  of  this  valley,  the  most  northerly  of  the  metamorphic  rocks 
are  of  chlorite-schist,  induding  micaceons  hands.  This  chlorite  rock 
forms  the  foundation  of  some  of  the  Bickerton  coi^es ;  it  has  been 
worked  at  one  small  quarry  south  of  the  Bickerton  laue,  and  at  an- 
other on  the  hillside  overlooking  Hall  Sands,  and  is  of  an  ordinary, 
but  very  well-banded  character. 

We  have  thus  roughly  traced  the  southern  boundary  of  the  phyl- 
lites,  and  this  boundary  cuts  obliquely  across  the  general  strike  of 
the  metamorphic  beds,  so  that  different  members  of  this  series  are 
thrust  against  the  phyllites  as  we  go  eastwards.  There  is,  at  places, 
marked  variation  of  dip  and  strike,  and  the  beds,  as  I  shall  describe 
later,  are  often  disturbed,  and  dip,  in  some  cases,  at  a  very  high  angle. 
Wherever  an  actual  junction  is  exposed,  it  emphasizes  itself  by  de- 
•composition  of  the  rocks  into  a  brown  iron-stained  material.  More 
often  the  beds  thus  affected  have  been  completely  denuded,  and  their 
former  place  is  marked  by  a  small  valley  or  streamlet 

II.  Microscope  Slides  and  Lithologiga.l  Chaeacters 

OF  THE  METAKORPaiC  BoCKB. 

A.  Microscope  Slides, 

I  examined  slides  from  various  parts  of  the  district,  and  I  may 
perhaps  be  allowod  to  add  to  the  full  descriptions,  given  by  Professor 
Bonney,  a  few  notes  on  specimens  which  seem  to  me  not  quite  of 
the  normal  type.  The  metamorphic  rocks,  as  he  has  stated,  may 
h^  grouped  into  two  series,  essentially  characterized  by  the  abundant 
presence  of  mica  and  of  chlorite  respectively.  I  found,  however, 
some  specimens  containing  such  an  amount  of  both  minerals  that  I 
have  ventured  to  speak  of  them  as  micaceo-chloritic ;  but  if  this 
term  is  objected  to,  they  can  be  placed  as  exceptional  forms,  partly 
of  chlorite-schist,  mainly  of  mica-schist.  These  rocks  occur  at 
places  where  there  are  alternating  beds  of  chlorite-  and  of  mica- 
schists,  and  especially  along  an  extensive  tract  in  the  north  of  the 
area.  It  is  true  that  chlorite  is  present  in  some  of  the  typical  mica- 
schists;  but  these  differ  from  the  ^'  micaceo-chloritic,"  even  in  hand- 
specimens,  and  markedly  under  the  microscope ;  while  in  the  true 
chlorite-schists,  if  the  colourless  mica  is  found,  it  occurs  generally 
in  only  an  occasional  flake. 

1.  Ohlorite-Schists. — ^When  we  examine,  as  our  first  example,  a 
typical  slide  of  chloritenschist,  we  see,  without  magnifying,  irregular 
blinds,  greenish  in  colour,  alternating  with  bands  of  material  appa- 
rently quartzose.  By  the  aid  of  the  microscope  the  separate  consti- 
tuents can  be  investigated.  The  green  layers  consist  mainly  of  a 
mass  of  chlorite  aggregated  in  the  modes  described  by  Professor 
Bonney,  generally  associated  with  some  brown  ferruginous  deposit, 
not  identifiable,  and  with  epidote.  The  epidote  may  appear  in  nume- 
rous small  grains,  or  in  larger  crystals,  some  exhibiting  cleavage- 
lines,  and  showing  occasionally  a  tendency  to  break  up.  The 
chlorite  folia  are  sometimes  grouped  in  a  radiate  manner;  they 
are  generally  dichroic,  changing  from  a  feeble  brownish  tint  to  a 
deep  green  colour;  by  the  extinction  being  parallel  to  the  cleavage- 
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planes  in  some  examples,  the  species  would  seem  to  be  a  chlorite  of 
uniaxial  character,  possibly,  in  part  at  least,  prochlorite  of  Dana. 
The  more  transparent  layers  in  the  chlorite-schist  slide  are  consti- 
tuted chiefly  of  grains  not  usually  elongated  in  form,  in  some  cases 
adjoining  in  the  manner  of  quartzite-  or  schist-grains,  but  often 
separated  by  a  pale  greenish  or  dark  deposit,  composed  partly  of 
not  dear  chlorite,  partly  of  more  opaque  substance,  this  intermediate 
material  being  often  in  more  or  less  continuity  with  the  mass  of  the 
green  chloritic  layers.  The  grains  thus  defined  have  an  appearance 
as  if  they  had  been  forced  apart,  possibly  by  local  crushing  of  the 
rock;  and  this  appearance  occurs  most  markedly  in  slides  from 
districts  where  the  rocks  in  the  field  had  a  disturbed  aspect. 
Professor  Bonney  calls  attention  to  a  somewhat  ^*  clastic  look "  in 
specimens  examined  by  him,  and  suggests  its  being  due  to  the  action 
of  *'  unequal  presflure."  The  transparent  grains  themselyes  are 
many  of  them  un cleaved  and  fairly  dear,  except  for  minute  enclo- 
sures, small  flakes  of  chlorite  or  other  belonites  ;  and  these  grains  I 
suppose  to  be  chiefly  quartz.  Of  others,  which  show  more  or  less 
distinct  cleavage,  some  at  least,  after  hesitation,  I  identified  as 
possibly  kyanite,  the  presence  of  this  mineral  being  suggested  by 
Professor  Bonney  in  some  of  the  chlorite-schists.  In  some  cases  my 
specimens  show,  as  Bosenbusch  describes,  an  extremely  dear  appear- 
ance, with  the  occurrence  of  infiltration-products  settled  along  the 
very  distinct  deavage-planes  *.  As  is  stated  by  Fouque  and  L^vy  to 
be  the  character  of  thin  slices,  the  grains  are  colourless  and  not 
dichroic  t.  Felspar  seems  to  be  present  in  certain  slides  as  an  occa- 
sional grain,  and  it  may  occur  more  markedly  in  other  specimens  ; 
but  in  many  cases  its  appearance  is  not  quite  normal,  and  Professor 
Bonney  has  suggested  to  me  the  possibility  of  the  crystal  consisting 
of  a  secondar}'  mineral  replacing  the  original  felspar.  Such  typical 
characters  of  chlorite-schist  I  have  noted  in  slides  from  rock  obtained 
along  the  coast  northward  of  Prawle  Point,  from  the  difE  near 
North  Sands,  and  in  others  to  be  mentioned  immediately. 

In  a  dide  cut  from  the  chlorite-schist  which  is  quarried  near 
North  Sands,  I  was  interested  to  find  hornblende  occurring  in 
portions  larger  than  the  belonites  described  by  Professor  Bonney. 
There  are  in  the  slide  a  fair  number  of  specimens  var^^ing  in  size, 
but  all  very  characteristic ;  they  are  green  in  colour,  exhibit 
dichroism,  and  have  the  cleavages  parallel  to  a  P  weU  marked. 
Most  of  the  grains  also  are  partially  bounded  by  prismatic  faces. 
They  occur,  some  of  them  intercrystallized  in  nests  of  quartzose 
material,  others  in  the  greener  bands  of  the  rock,  where,  at  parts, 
they  seem  to  merge  into  the  chlorite,  at  parts  seem  as  if  eaten  into 
by  the  bordering  epidote-grains.  In  chloritenschist  near  Bickham 
Signal  the  clastic  aspect,  previously  described,  is  noticeable,  and  is 
emphasized  (even  more  markedly  than  in  my  specimen  from  North- 
Sands  quarry)  by  the  deposition  of  caldte  along  cracks  in  some  of  the 
clear  mineral.     Among  the  grains  may  be  noted  one  of  a  twinned 

♦  Mikr.  Pbye.  der  pefcr.  Min.  p.  846. 
t  Min.  Mior.  p.  460. 
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crystal,  which  has  evidently  been  broken  and  suffered  some  displace- 
ment of  its  parts  with  deposition  of  calcite  along  the  crack.  Similar 
examples  of  pressure-effects  may  be  found  in  various  slides.  Many 
of  the  clear  grains  in  this  Eickham  specimen,  even  where  not  exhi- 
biting definite  cleavage-lines,  contain  narrow  laths  of  a  richly 
coloured  reddish-brown  mineral,  possibly  hsematite,  which  have  a 
tmiformity  of  direction  in  the  grain,  as  if  determined  by  its  cleavage- 
planes.  In  another  specimen  of  chlorite-schist,  taken  from  the 
foundation  rocks  of  the  Old  Castle  near  Salcombe,  Professor  Bonney 
called  my  attention  to  the  form  and  arrangement  of  the  grains  in 
the  clear  layers.  Without  magnifying,  the  folded  zigzags  of  these 
colourless  bands  are  quite  evident  across  one  part  of  the  slide. 
Under  a  low  power  of  the  microscope  their  constituent  grains  show 
an  elongation  transverse  to  the  main  layer,  and  with  polarizing 
apparatus  an  orientation  of  colours  similarly  transverse,  these  cha- 
racters of  form  and  optical  property  being  therefore  due  probably  ta 
the  pressure  which  bent  the  layers. 

Certain  masses  of  chlorite-schist  occurring  in  the  northern  part 
of  the  district  call  perhaps  for  some  special  notice.  Specimens  for 
the  microscope  were  taken  from  the  points  on  opposite  sides  of  the 
main  estuary  north  of  Salcombe,  which  I  have  called  for  distinc- 
tion "Snapes"  Point  and  "Scoble"  Point.  The  usual  minerals 
(chlorite,  quartz,  epidote)  are  present,  and  in  the  Sooble  slide  occur 
some  grains  of  the  cleaved  mineral  and  some  which  seem  to  be 
felspar ;  we  may  note  examples  of  simple  twinning,  and  others  of 
multiple  twinning  after  the  manner  of  plagioclase.  One  very 
interesting  specimen  was  pointed  out  to  me  by  Professor  Bonney, 
where  the  members  of  the  compound  crystal  are  distorted,  waved, 
and  even  broken  across  and  displaced — an  additional  proof  of  the 
action  of  pressure,  which  had  seemed  to  me  marked  in  this  rock  even 
in  hand-specimens,  and  emphasized  by  the  evidence  of  the  microscope- 
slides.  The  section  of  the  Scoble  rock  shows  quartz-grains,  occurring, 
for  the  most  part,  separated  in  the  chloritio  ground-mass,  and  many 
of  the  grains  elongated,  with  their  long  axes  parallel  to  the  lami- 
nation. In  the  Snapes  specimen  knots  of  quartz  appear  frequently 
as  if  squeezed  out  into  rather  long  irregular  bands,  in  which  the 
mineral  has  assumed  the  ordinary  schist  or  quartzite  characters. 
Some  of  the  separate  grains  are  of  very  flattened  form.  In  the 
mass  the  rock  exhibited,  throughout,  a  close  compressed  look,  but 
was  traversed  at  places  by  bands  of  apparently  different  mineral 
constitution.  The  evenness  of  these  layers  and  the  compressed  look, 
taken  in  connexion  with  the  micro-structure  already  noted,  seem  to 
suggest  that  the  rock  had  suffered  from  a  pressure  somewhat 
normal  to  the  bands,  and  that  the  lamination  may  have  existed  in 
some  form  in  the  rock  as  a  previous  stratification-foliation. 

2.  Micaceo-chloritic  Schists. — An  interbanding  of  some  mica-  and 
chlorite-schists  in  the  cliff  near  Eickbam  Signal-Station  yielded  a 
specimen  containing  both  mica  and  chlorite,  with  layers  of  quartzose 
and  other  colourless  grains,  some  cleaved  and  some  exhibiting 
twinning.     Scattered  about  with  epidote  are  smaU  garnets,  abundant 
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in  the  mica-chlorite  layers,  rare  elsewhere.     The  signs  of  a  crushing 
of  the  rock  are  very  evident ;  the  grains  are  of  yarying  sizes,  their 
boundaries  shade  off  in  polarized^lightwith  an  appearance  of  secondary 
•deposition,  and  many  are  dirty  and  less   clear  than  usual ;    the 
micaceo-chloritic  layers  also  are  crumpled  as  in  the  true  mica- 
schists,     like  this  last  specimen,  a  mass  of  rock  from  the  north  of 
*'  Snapes  '*  Point  might  be  described  as  a  kind  of  chloritenschist ;  but 
it  exhibits,  even  in  the  hand-specimen,  a  large  amount  of  mica.    It  is 
dark-greenish  in  colour,  tough,  and  weathers  to  a  very  rough  surface, 
partly  ridged  from  plates  and  fibres  of  mica,  partly  pitted  with 
roundish  hollows  irregularly  weathered  out.     A  slide  cut  from  this 
rock  shows  chlorite  largely  present  in  aggregated  folia,  but,  inter- 
crystallized  with  it,  flakes  of  white  mica  in  much  abundance.     This 
mica  seems  to  agree  with  that  in  the  true  mica-schist,  and  shows 
the  zigzag  crumpling  of  the  folia  which  is  so  marked  in  that  series. 
As  in  chlorite-schists,  granular  epidote  is  abundant,  and  large  grains 
occur  with  an  indication  of  cleavage-planes  and  showing  a  tendency 
io  break  into  smaller  fragments.     Within  the  ground-mass  are 
fairly  lai^e  isolated  grains  of  other  minerals.     Some  of  these  seemed 
fit  first  not  easy  to  distinguish  from  quartz ;  but,  unless  we  may 
infer  its  secondary  deposition,  several  characteristics  of  the  grains 
make  this  identification  difficult,  as  was  pointed  out  by  Professor 
Bonney,  who  kindly  looked  at  this  and  other  slides  for  me.     Other 
grains  present  show  twinning  or  cleavage,  and  very  many  of  them 
exhibit  characters  which  seem  to  me  most  like  those  of  kyanite,  in 
some  cases  the  mineral  appearing  in  longish  forms  with  lines  of 
pinakoidal  cleavage  (a  P d  and  a  Pa)  crossed  by  some  of  the  nearly 
"  perpendicular  breaks ''  of  the  basal  cleavage  (0  P)  described  by 
Pouque  and  Levy  *  and  by  Bosenbusch  t.     In  the  hand-specimen,  I 
could  recognize  grains  having  pearly  cleavage-faces  and  of  pinkish 
or  pale  brown  colour.     In  the  slide  all  the  grains  are  fairly  uniform 
in  size  and  similar  in  shape,  having  a  somewhat  elongated,  elliptical 
outline  (only  one  showing  good  suggestion  of  crystalliae  form)  and 
the  margin  at  places   being  fairly  even.     They  contain  various 
enclosures,  some  of  which  seem  to  be  epidote,  sometimes  in  rather 
stumpy  crystalline  forms ;  others  are  clear  colourless  belonites ;  and 
very  minute  enclosures,  such  as  are  common  in  the  quartz  of  the 
chlorite-schist,  are  very  abundant.   The  inclusions,  especially  the  dear 
belonites,  extend,  in  many  cases,  in  lines  parallel  to  the  long  axis  of 
the  enclosing  grain ,  and  often  these  lines  are  curved.    In  some  grainsi 
cleavage  runs  undisturbed  obliquely  across  the  lines  of  enclosures, 
BO  that  we  might  perhaps  infer  the  subsequent  crj-stallization  of 
the  enclosing  mineral  around  the  epidote  and   belonites.      These 
must  in  that  case  have  existed  previously,  and  the  kyanite,  in  its 
present  condition,  may  be  posterior  to  the  crumpling  and  contortion 
of  the  rock.     It  is  interesting  to  note  that  the  longitudinal  extension 
of  the  kyanite  in  some  examples  is  roughly  in  the  direction  of  the 

*  Min4raIogie  Micrograpbique,  p.  461. 

t  Mikroskopische  Pnysiographie  der  petrographisoh  wichtigen  Mineralieo, 
p.  345. 
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planes,  and  that  the  grains  themselves  are  sometimes  ontlined 
approximately  parallel  to  the  curving  lines  "within.  I  tried  to 
observe  the  optical  characters  of  the  belonites,  but  not  always 
successfully ;  some  indications  seemed  to  agree  with  characters  of 
sillimanite— -the  clearness  of  the  mineral,  and  its  absence  of  colour, 
its  occurrence  in  long  slender  prisms  with  transverse  cracks,  and 
occasionally  the  appearance  of  bright  colours  with  crossed  nicols ; 
the  extinction  in  some  examples  seemed  to  occur  at  an  angle  of 
about  20°,  but  varied  in  others. 

Frequently  in  the  masses  of  chlorite -schist  seen  in  the  field, 
there  occur  thin  bands  of  chloritic  rock  of  brighter  green  colour 
and  with  very  smoothed  surfaces  as  if  slickensided  ;  even  in  freshly 
hewn  quarries  these  bands  were  generally  too  fragile  to  j^eld  slides 
for  the  microscope.  One  firmer  band,  however,  having  a  more 
silvery  micaceous  look,  occurs  in  a  quarry  by  the  new  road  near 
Snapes  Point,  and  may  perhaps  be  representative.  This  gives  a 
clear,  filmy,  apple-green  chlorite,  and  very  clear  large  mica-fiakes 
accompanying  an  exceptionally  small  quantity  of  quartz,  most  of  it 
exhibiting  signs  of  secondary  change.  There  are  numerous  grains, 
some  of  epidote,  some  of  garnet,  and  others  of  a  mineral  rather 
resembling  garnet,  but  apparently  not  isometric,  giving  a  dull  purple 
tint  on  rotating  the  stage.  The  layers  are  crumpled,  the  mica- 
flakes  lying  at  intervals  obliquely  across  the  general  direction,  as  if 
bent  down  in  the  slipping. 

When  we  turn  to  the  examination  of  the  most  general  type  of 
micaceo-chloritic  schists,  we  find  some  of  the  best  specimens  near 
"Snapes"  Point,"  Scoble  "Point,  and  Westercomb,  all  places  approach- 
ing the  northern  boundary-line.  Macroscopically,  these  rocks  differ 
from  the  ordinary  mica-schists  in  being  duller  in  appearance,  although 
rather  light  in  colour,  greyish,  or  sometimes  with  a  slightly  greeniBh 
tint.  In  the  mass  they  are  generally  more  evenly  bedded.  Under 
the  microscope  these  rocks  are  found  to  consist  chiefiy  of  mica, 
chlorite,  and  quartz,  with  possibly  felspar  and  a  mineral,  more  or  less 
abundant,  approximating  in  its  cleavages  to  kyanite,  several  grains 
showing  interrupted  cleavages  meeting  at  an  angle  of  about  56°,  and 
reminding  one  of  the  planes  parallel  to  the  base  and  the  brachydome 
(0  P  and  Pa)  shown  by  Max  Bauer  *.  Grains  are  fairly  abundant 
in  these  slides  having  a  marked  twinning,  some  quite  simple,  others 
slightly  repeated ;  and  in  one  or  more  examples  the  crystal  is  cracked 
and  its  parts  displaced.  The  quartz  is  dirty  from  the  number  of 
minute  enclosures,  and  has  the  usual  schistose  structure,  irregularity 
in  the  size  of  the  grains  and  shading  of  their  colours  in  polarized 
light  suggesting  subsequent  strain  of  the  rock.  In  many  places, 
larger  dear  grains  are  imbedded  in  a  mosaic  of  small  shaded  ones 
and  not  uncommonly  the  large  grain  is  cracked  across,  and  the 
commencing  development  of  the  fine  mosaic  can  be  traced  along  the 
orack.  In  some  slides  occur  certain  granular  aggregations  which 
are  partly  resolvable  under  a  higher  power  of  the  microscope  into 

*  Zeitfichrift  der  Deutsohen  geologischen  Gbsellschafk,  1878|  Bd.  30,  Taf.  xir. 
fig.  la. 
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colourless  microliths,  somewhat  dichroic,  if  I  could  trust  my  not 
very  clear  observation ;  they  may  possibly  be  a  secondary  acti- 
nolite.  In  these  micaceo-chloritic  slides  mica  plates  at  parts  form 
level  and  continuous  layers,  at  others  they  constitute  bent  or  wavy 
laminsB.  Occasionally  there  is  an  ezamplo  of  a  breaking  and 
slipping  of  the  layers  at  the  folds,  which  I  will  indicate  later,  when 
I  speak  of  similar  structures  in  other  schists. 

3.  Jilica-Schist. — ^True  mica-schists  form  the  dark  massive  cliflfe 
which  extend  towards  Bolt  Head,  with  a  kind  of  black-lead  sheen, 
and  the  paler,  more  silvery  rock  of  the  cliflfs  near  the  Start.  In 
the  Bolt  specimens  I  identified  the  constituents  described  by  Pro- 
fessor Bonney,  and  found  one  fragment  showing  good  examples 
of  what  I  believe  to  be  kyanite.  The  grains  are  visible  without 
magnifying,  and,  thus  looked  at,  they  are  seen  to  be  about  j^  inch 
in  diameter,  to  be  blackish  in  colour,  and  to  have  somewhat  of  a 
prismatic  form.  Under  the  microscope  the  grains,  some  of  them, 
show  clear  kyanite-like  cleavages,  and  in  one  is  a  good  example  of 
twinning.     Where  this  clear  mineral  occurs,  it  abruptly  interrupta 

Fig.  2. — Crystal  of  Kyanite  in  Mica-Schist  near  Bolt  Head, 
(Enlarged  70  diameters.) 


The  schist  consists  mainly  of  chlorite,  white  mica,  and  "  black  mineral,*'  and  its 
layers  pass  on  through  the  kyanite.  The  kyanite  shows  one  good  cleavage, 
with  interrupted  planes,  and  is  twinned. 

the  micaceous  and  chloritic  layers;  but  the  ferro- carbonaceous 
material  (as  I  infer  it  to  be  from  Professor  Bonney's  description) 
seems  to  continue  on  in  its  own  wavy  larainsB  through  the  kyanite 
(fig.  2).  Hero,  therefore,  whero  the  grains  are  larger,  they  contain 
more  foreign  deposit,  some  of  them  being  almost  full  of  the  black 
dust ;  but  ita  arrangement  seems  only  explicable  by  supposing  the 
growth  of  the  kyanite-grain  in  situ  in  the  rock.  The  schist  &om 
Start  Point  seems  to  have  in  it  less  of  the  black  mineral,  its  mica- 
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folia  are  dear  and  well  defined,  although  small  and  at  places  irrega- 
larly  intercrystallized  with  quartz.  The  quartz  shows  minute 
a^lutinated  grains,  and  has  the  appearance  of  having  suffered  from 
pressure.  In  all  these  slides,  I  was  on  the  look  out  for  evidence  of 
a  secondary  cleavage-foliation,  and  I  could  trace  in  all  the  begin- 
nings of  such  a  structure.  The  thin  folia  have  given  way  along 
some  of  the  sharp  abrupt  folds,  as  is  shown  in  the  figure  given  in 
the  article  before  quoted  *,  and  the  secondary  planes  thus  here  and 
there  arising  consist  of  the  black  mineral  with  some  mica-folia. 

B.  Mctcrogeopic  Structures. 

1.  Mica-  and  Mieaceo-chloritic  SckUts, — In  hand-specimens  the 
mica-schist  gives  interesting  study  of  various  forms  of  crumpled  and 
contorted  beds.  In  many  places  examples  may  be  found  of  a  slipping 
of  the  zigzagged  layers,  being  an  illustration  of  what  might  be 
classed  under  "  strain-slip "  (Atisweichungs-)  cleavage.  In  the 
schist  of  the  Bolt  Head,  Professor  Bonney  has  described  how  the 
beds  are  folded  and  contorted,  and  how  the  rock  readily  breaks  up 
**  into  rude  prisms."  This  tendency  seems  due  to  the  schist  being 
traversed  by  two  sets  of  divisional  planes,  one  parallel  with  the 
original  stratification-foliation,  the  other  marking  a  subsequent 
cleavage-foliation.  The  cleavage-snrfaces  have,  on  the  whole,  a 
smoother,  more  continuous  polish ;  while  the  original  folia  are 
thinner,  closer,  but  more  crumpled,  and  therefore  give  rise  to 
surfaces  more  liable  to  break  with  small  irregularities. 

In  certain  areas  the  schists,  whether  mica^  or  micaceo-ehloritic 
schist,  have  a  tendency  to  split  along  broadly  nndulating  planes,  which 
do  not  entirely  follow  the  lamination.  This  is  a  marked  character 
in  much  of  the  rock  near  Start  Headland  and  at  several  localities  in 
the  northern  part  of  the  district.  Near  Gullet,  on  the  arm  of  the 
estuary  from  South  Pool,  just  before  mica-schist  sets  in,  the  chlorite 
rock  contains  what  I  should  judge  to  be  mieaceo-chloritic  bands, 
and  these  are  traversed  by  undulating  planes.  Thus  these  bands 
have  a  tendency  to  split  along  curving  snrfaces,  dividing  the  rock 
into  somewhat  rounded  rhomboids,  within  which  the  quartz  often 
thickens  at  places  into  little  knots  or  eyes.  Here  the  planes  of 
weakness  seem  to  include  in  their  course  part  of  the  slip-planes  or 
planes  of  cleavage-foliation,  and  part  of  what  we  may  consider  true 
bedding-planes.  There  must  in  that  case  have  been  some  modifica- 
tion of  the  structure,  induced  by  the  pressure  which  the  rock  has 
undergone ;  and  I  thought  that  possibly  the  cause  could  be  connected 
with  the  more  marked  presence  of  quartzose  layers,  which  might 
have  helped  the  bending-over  of  the  planes  of  weakness,  by  offering 
a  resistance  to  the  cleavage-slipping.  Passing  now  to  other  ex- 
amples of  like  structure,  I  would  note  a  rock  of  mica-schist  on  the 
beach  near  Lannacombe,  whose  surface,  polished  by  the  waves, 
exhibits,  with  greater  deamess  and  on  a  more  minute  scale,  similar 
markings  to  those  of  the  Gullet  specimen.  Here,  blacker  patches 
in  the  silvery  micar-schist  seem,  in  consequence  of  the  structure 

*  Quart.  Jouni.  Geol.  Soc.  vol.  xL  1884,  fig.  7,  p.  15. 
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described,  to  tail  off  where  the  cross  planes  break  the  laminatioii* 
Very  similar  to  this  is  a  micaoeo-chloritic  rock  from  the  shore 
opposite  Gullet,  which  I  examined  with  the  microscope.  In 
the  hand-specimen  blacker  bands  continually  tailing  off  seem  to 
cause  an  incipient  formation  of  '< eyes''  of  the  darker  material. 
These  bands,  under  the  microscope,  are  found  to  consist  of  chlorite, 
mica,  and  a  quantity  of  a  black  mineral  present  in  all  my  slidee 
of  micaceo-chloriticrock,  which  both  here  and  in  some  others  consiBtB 
markedly  of  small  crystalline  masses  rather  flattened  in  form,  and 
ranging  along  the  lamination,  like  the  titaniferous  iron -ore  shown 
in  the  Scourie-Dyke  schist*,  only  the  ferrite  in  my  slide  is  more 
abundant.  Here  (as  well  as  in  one  other  slide)  I  thought  it 
accompanied  by  grains  of  sphene.  Some  of  the  micaceous  layers 
present  an  appearance  as  if  they  were  flowing  around  the  larger 
grains  of  quartz ;  and  the  hand-specimen,  like  others  of  the  micaceo- 
chloritic  group,  has  a  very  squeezed  look.  The  slide  has  the  structure 
already  noted  as  generally  belonging  to  the  groups  the  small  mosaic 
of  quartz  granules  surrounding  larger  grains  which  are  sometimes 
broken  across ;  and  the  aggregations  of  microliths  are  also  present. 
This  rock  was  obtained  near  Westercomb,  from  within  60  yards  of 
a  junction  with  the  phyllites.  In  other  northern  localities  of  the 
district  the  curving  fracture-planes,  as  seen  in  hand-specimens,  are 
yery  marked  in  schists  which  have  what  seemed  to  me  a  specially 
slickensided  and  crushed  look ;  and  this  occurs  where  I  am  inclined, 
from  stratigraphical  relations,  to  suspect  that  a  line  of  fault  occurs, 
which  has  very  possibly  split  and  followed  two  directions,  as,  for  ex- 
ample, in  the  point  opposite  Westercomb. 

On  the  whole,  the  characteristic  of  the  mica-schist  of  South  Devon 
seems  to  be  a  tendency  to  develop  cleavage-planes  of  less  or  greater 
force,  which  become,  at  places,  fairly  well  marked,  although  not  in 
an  equal  degree  with  the  original  foliation-planes. 

2,  Cklorite^Schists. — Certain  structures  in  the  chlorite-schist,  when 
it  is  studied  in  the  field,  seem  to  require  some  notice ;  but  I  am  very 
diffident  about  making  any  suggestions  as  to  their  relations.  Apart 
from  any  ferruginous  decomposition,  the  chlorite  in  weathering 
acquires  often  a  paler  shade,  sometimes  almost  whitish,  and  some- 
times a  delicate  pale  sea-green.  This  last  colour  I  generally  found 
occurred  in  parts  protected  from  rain-wash,  and  I  have  never  seen  a 
more  beautiAd  study  in  rocks  than  that  in  some  of  these  chlorite-masses 
where,  receding  slightly  beneath  a  projecting  ledge,  they  expose  a 
surface  coated  with  the  soft  pale  sea-green  dust.  The  picturesque 
appearance  is  increased  by  the  tendency  to  pitted  weathering  here,  as 
elsewhere,  exhibited,  which  has  already  been  described  by  Profe-ssor 
Bonney.  In  other  exposures,  I  noted  a  tendency  to  rather  regular 
rhomboidal  divisions.  These  two  structures  I  should  suppose  nearly 
related ;  but  the  rhomboids  at  all  events  seem  to  be  due  to  the  develop- 
ment of  two  obliquely  crossing  sets  of  planes,  the  one  set  being  in  the 
direction  of  bedding,  the  cause  of  the  other  set  being  more  difficult 
to  prove.    It  might  perhaps  be  a  kind  of  jointing ;  but  there  is  some 

«  Teall,  'British  Fetrograpby/  pL.xx.  fig,  2. 
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slight  evidence  which  would  rather  connect  it  with  the  effects  of 
pressure.  One  example,  which  had  some  weight  with  me,  was  a 
case  of  chlorite-schist  interbanded  with  a  15-inch  mica^band.  The 
mica^schist  showed  puckerings,  which  I  can  best  describe  as  giving 
an  outHne  roughly  duplico-dentate,  and  the  transverse  planes  of  the 
chlorite  ran  up  into  the  sharp  teeth  of  the  puckerings.  It  seemed 
as  if  the  force  which  crumpled  the  mica-band  had  developed  the 
oblique  planes  in  the  chlorite.  At  other  localities  also,  the  divisions 
seemed  to  be  suggestive  of  pressure-planes,  as  in  exposures  near 
Bickham  Signal-station,  on  the  shore  east  of  Portlemouth  Parsonage 
and  elsewhere.  For  comparison  with  these  examples  I  searched 
on  the  shore  south  of  Portlemouth  for  an  occurrence  in  chlorite- 
Bchist,  referred  to  by  Professor  Bonney  *,  and  described  as  a  cleav- 
age-structure, and  I  think  the  cases  I  have  quoted  will  bear  a 
similar  explanation.  To  such  pressure-planes  crossing  those  of 
bedding,  modified  by  the  not  very  plastic  material  of  the  rock 
in  which  they  are  developed,  I  am  inclined  to  attribute  the 
irregularly  worn  surfaces  of  the  chlorite- schist ;  since  the  hollows 
which  weather  out  at  places  can  be  found  in  all  gradations  from 
regular  angular  rhombus-shapes  to  rounded  and  irregular  pits.  The 
rounded  depressions,  like  the  angular  ones  already  described,  follow 
planes  of  bedding ;  in  one  example  I  traced  them  along  the  con- 
tortions of  a  corrugated  mass  of  chlorite-schist.  Where  the  pitting 
was  most  irregular  in  its  arrangement,  the  beds  had  often  suffered 
such  foldings  and  dislocations  that  it  was  difficult,  or  even  impos- 
sible, to  track  the  bedding-planes. 

The  angular  markings  I  have  alluded  to  were  generally  rather 
local  in  their  occurrence ;  but  over  large  masses  of  chlorite-schist^ 
there  was  a  development  of  a  second  set  of  planes,  presumably 
joint  planes,  along  which  the  rook  continually  broke  up  and  slippedr 
This  often  gave  erroneous  impressions  as  to  the  dip  of  beds  seea 
from  a  distance. 

III.    SxBATieRAPHICAL  BeLATIOITO  OF  SOME  OF  THE  MeTAMOBPHIC 

Rocks. 

In  this  part  of  the  paper  I  shall  restrict  myself  mainly  to  ther 
small  northern  area  beyond  Portlemouth,  which  was  not  specially 
examined  by  Professor  Bonney.  The  best  exposures  are  along  the 
main  Salcombe  estuary,  whose  shores,  extending  roughly  from  north 
to  south,  cut  across  successive  beds.  The  eastern  cliff  is  perhaps- 
rather  less  disturbed,  and  from  it  chiefly  we  may  describe  a  typical 
succession. 

1.  (a)  Interbanded  Series  of  Main  Estuary  and  Batson, — South 
of  the  fault,  near  Halwell  Wood,  we  come  to  a  mass  of  mica-schist^ 
partly  brown  from  decomposition,  which  dips  northerly  and  extends 
about  100  yards ;  beyond  this,  chlorite-schist  is  exposed.  Hence, 
nearly  to  the  beginning  of  "  Scoble  Point,"  we  have  beds,  at  first 
and  at  places,  with  variable  or  southerly  dip,  but,  on  the  whole, 

*  Quart.  Joam.  Geol.  See.  1884,  vol.  zl.  p.  9. 
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dipping  to  the  west  of  north.  These  are  chlorite-,  micft-,  and  mica^ 
ceo-chloritic  schists  alternating  one  with  another.  Bands  only  a 
few  feet  thick  or  even  less  occur;  but  the  average  thickness  may  be 
taken  as  about  50  feet,  though  there  are  two  masses  of  mica-«chist 
nearly  200  feet  in  thickness.  With  few  exceptions  the  beds  quietly 
overlie,  and  after  looking  out  carefully  for  evidences  of  repetition 
or  overfolding,  I  came  to  the  conclusion  that  these  rocks  probably 
represented  a  true  stratigraphical  succession.  This  series  is  not 
quite  so  well  shown  along  the  western  shore;  here  a  westward 
thinning-out  of  the  chlorite  bands  is  suggested,  unless  they  come 
in  partly  where  exposures  are  wanting  or  beds  disturbed.  Further 
west,  the  rocks  are  exposed  in  roadside  cuttings,  one  at  Lower 
Batson,  and  one  to  the  north  of  it  close  to  a  phyUite  outcrop,  and 
also  along  the  shores  of  Batson  Inlet.  Here  the  eastern  cliff  has  an 
extensive  development  of  mica-schist,  but  part  of  it,  much  gnarled 
and  contorted  and  with  a  changed  dip,  may  possibly  have  cut  out, 
by  faulting,  the  chlorite-band,  which  woi^  otherwise  have  con- 
tinued to  this  place  from  the  western  shore  and  from  the  lane  by 
the  cemet€r5%  The  general  dip  is  northerly  or  to  the  west  of  north, 
varying  from  35°  to  SO"*,  but  often  at  about  6(P  to  70°. 

1.  (6)  Chlorite-Schist  ofScoble  and  ofSnapes, — To  the  south  of  the 
interbanded  series,  on  both  sides  of  the  main  estuary,  a  thick  bed  of 
chlorite-schist  has  resisted  the  action  of  the  water  and  still  pro- 
jects in  the  opposite  headlands  of  "Scoble"  and  of  "Snapes.'' 
This  chlorite-Bchist  is  closely  and  evenly  laminated,  very  firm,  at 
places  so  compact  as  to  be  almost  flinty  in  appearance,  and  has 
altogether  a  squeezed  look,  which  is  confirmed  by  the  microscope 
slides  that  I  have  already  described. 

Salcombe  and  Southwards, — ^This  chlorite-schist  seems  to  strike 
to  the  northern  part  of  the  large  mass  on  which  Salcombe  is  built, 
and  of  this  there  are  exposures,  as  Professor  Bonney  has  described, 
as  far  south  as  an  alley  beyond  the  Ferry.  Southward  from  this 
alley,  at  an  exceptionally  low  tide,  I  was  able  to  scramble  along  the 
shore,  and  found  the  cli£G9,  nearly  to  the  Old  Castle,  to  consist  of 
mica-schist,  folded  and  contorted  and  nearly  vertical,  but  striking 
boldly  out  to  the  north  of  east.  As  the  road  on  the  top  of  the  hill, 
after  leaving  Salcombe,  cuts  most  of  its  way  through  mica-schist, 
of  which  rock  there  is  one  quarry  by  the  road  and  two  on  the 
southern  slope  overlooking  North-Sands  vaUey,  it  would  seem  pro- 
bable that  to  the  south  of  Salcombe  the  hill  mainly  consists  of  the 
mica-formation  until  we  come  to  the  chlorite-schist  forming  the 
foundation  of  the  Old  Castle  ruin  and  worked  in  the  quames  near 
North  Sands.  Here  I  would  suggest  the  possibility  of  a  faulted 
junction,  and  of  a  southerly  pressure  overturning  the  chlorite  and 
some  interbanded  beds,  and  thrusting  them  against  the  mica-schist. 
There  seemed  some  grounds  for  the  idea  in  the  aspect  of  the  cliffs 
between  the  Old  Castle  and  North  Sands — the  beiis  are  disturbed, 
contorted  and  broken,  and  form  a  wild  scene  of  rugged  points  of  cliff, 
worn  into  caves,  and  weathered  irregularly  to  yellows  and  reds,  the 
brighter  colours  of  decomposition ;   the  beach  is  a  piled-up  mass  of 
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huge  fallen  blocks.  The  dip  of  these  beds  yaries,  but  on  the  whole 
seems  to  incline  sontherly  at  one  spot,  being  to  W.  of  S.  at  quite  a 
low  angle,  about  30°,  while  the  mica-schist  to  the  north,  as  I  have 
said,  seems  nearly  vertical,  or  with  a  high  dip  towards  the  north. 
Moreover,  opposite  the  Old  Castle  is  a  good  junction,  which  may 
mark,  if  not  the  main  fault,  a  minor  break  connected  with  it,  where 
the  chlorite  rock  with  a  dip  to  W.  of  S.,  much  jointed  and  marked 
by  cross  planes,  overlies  mica-schist  with  a  dip  to  £.  of  S. ;  the  true 
nature  of  the  latter  is  almost  eoncealed  by  the  uniform  deep  red 
tint  which  it  has  assumed  in  decomposition  (fig.  3)^    If  this  chlorite^ 

Fig.  3. — Cliff  opposite  the  Old  Castle  near  lialcomhe. 


n.  Mica-achist,  massive,  of  deep  red  b.  Oblorite-flohist. 

c^our.  F.  Line  of  fault  (?). 

schist  and  these  int^rbandings  have  been  thrust  northward,  the 
chlorite-rock,  which  occurs  in  a  lane  from  north  of  South  Mill  to 
north  of  Combe,  might  possibly  represent  the  same  mass,  whose  out- 
crop had  been  carried  further  nor&  out  of  its  proper  line  of  strike  ; 
but  the  beds  in  this  inland  exposure  seem  less  disturbed  and  retain 
their  northerly  dip  where  I  had  opportunity  of  testing  it. 

I  was  able,  during  the  same  favourable  tide,  to  traverse  hastily 
the  shore  from  North  to  South  Sands,  passing  from  the  southerly 
dipping  chloritic  rock,  over  the  beds  marked  by  Prof.  Bonney 
as  shoeing  much  disturbance.  They  consist  of  a  rather  thick  mass 
of  mica-schist,  agreeing  in  strike  to  N.  of  E.,  but  with  an  almost 
vertical  dip  and  much  folded,  possibly  bounded  on  the  south  by  a 
small  fault,  where  there  follow,  first,  chlorite-beds  nearly  vertical 
and  with  variations  of  dip,  and  then,  as  far  as  South  Sands,  interband- 
ings  of  chlorite-  and  of  mica^scbists,  exhibiting  a  southerly  dip.  The 
mica-schist  in  these  diffs  beneath  Molt  agrees  in  its  appearance  with 
the  larger  masses  oocurring  to  north  and  to  south ;  but  the  greatly 
diminished  thickness  would  be  difficult  to  explain  on  this  hypothesis, 
and  I  incline  to  consider  it  a  lower  band  appearing  beneath  a  fold  of 
the  chlorite-schist 

2.  JMicaSchist,  with  (?)  InUrhandxng$. — Turning  back  to  the  dis- 
trict beyond  Scoble  Point,  we  find,  south  of  its  chlorite-schist,  mica- 
schist  rising  and  extending  ver}'  continuously  along  the  northern 

Q.J.G.S.  No.  172.  3d 
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shore  of  the  side  estuar}-,  being  possibly  part  of  an  interbanded 
series,  the  remains  of  which  to  the  south  still  occur  along  the  oppo- 
site shore.  The  mica-schist  strikes  in  the  common  direction  of  N. 
of  E.,  and  has  often  a  high  northerly  dip ;  it  is  mostly  nearly  vertical 
and  much  folded.  At  places  the  dip  varies,  and  the  beds  have  a 
squeezed  look,  rather  like  those  in  the  mica-schist  point  up  the  estuary. 
From  the  uniform  direction  of  strike,  the  mica^schist  is  cut  very 
obliquely  by  the  shore,  which  trends  eastwards  from  Scoble ;  but, 
bounding  a  small  inlet  in  this  shore,  a  cliff  occurs,  which  cuts  across 
the  beds;  although  much  weathered  and  overgrown,  we  can  see 
that  they  consist  of  similar  mica-schist.  In  this  side  estuary,  the 
southern  shore,  passing  Portlemouth  Parsonage,  exposes  interband- 
ings,  some  of  only  a  few  feet,  some  thicker.  The  rather  massive 
chlorite-schist,  which  is  quarried  near  the  old  limekiln,  is  of  such 
small  extent  that  I  place  it  and  also  the  chlorite-schist  of  the  diff 
north  of  Portlemouth  Ferry  as  a  subordinate  part  of  this  series. 
The  dips  of  the  latter  mass  of  chlorite-schist  rather  vary,  but  the 
rooks  of  this  series  have  a  general  dip  to  the  W.  of  N. 

3.  Mica-Schist  (of  Portlemouth  Ferry), — They  would  thus  probably 
overlie  the  large  mass  of  mica-schist  found  along  the  shore  to  Portle- 
mouth Ferry  and  beyond,  which  has  previously  been  described. 
Similarly,  this  interbanded  series,  dipping  northerly,  seems  along 
the  estuary  shores  to  overlie  mica-schist,  about  a  quarter  of  a  mile 
north-west  of  Good  Shelter.  The  schist,  with  one  rolling  over,  dips 
northerly,  although  towards  Waterhead  it  seems  to  change,  but  is 
not  well  exposed.  The  mica^schist  is  also  traceable  inland  near 
Portlemouth  church,  and  at  places  along  the  lanes  south  of  Waterhead 
estuary,  notably  near  Hawkshead.  The  strike  here  is  well  marked, 
still  to  about  10°  N.  of  E.,  and  the  dip  is  about  70°  to  W.  of  N. 

Estuary  shores  southward  of  South  Pool. — Passing  now  to  expo- 
sures further  eastward,  we  have  rather  more  difficulty  in  deciding 
their  relations.  First,  in  completing  our  survey  of  the  estuary  shores, 
we  find  along  the  arm  descending  from  South  Pool,  south  of  the 
phyllites  already  noted  there,  exposures  of  chlorite-  or  interbanded 
schists  ;  these  extend  southwards,  and  form  the  point  east  of  Wester- 
comb,  and  also  the  cliffs  of  the  opposite  shore  north  and  south  of 
Gullet.  The  beds  are  partly  normal  chlorite-schist,  such  as  those 
quarried  opposite  Gullet,  partly  mica-  and  micaceo-chloritio  bands, 
resembling  those  obtained  from  the  main  estuary. 

Parts  of  these  beds  are  rather  out  of  the  direction  of  the  strike  of 
chlorite-schist  from  the  westward  ;  but  this,  I  think,  might  be  from 
a  faulting  of  the  district.  The  sUckensided  look  in  the  mica-schist 
of  the  point  opposite  Westercomb,  the  changed,  variable  and  high 
dips  of  the  Gullet  beds  and  those  opposite,  all  seem  to  support  the 
idea  of  faults  having  broken  the  country  near.  Such  faults  may 
have  partly  determined  the  lines  of  the  estuary.  If  we  suppose 
these  chloritic  beds  to  be  equivalents  of  the  Sooble-Poiut  rocks,  and 
to  have  been  partly  displaced  to  the  southward,  then  there  is  some 
difficulty  in  accounting  for  the  mica-schist,  which  forms  the  cliffs 
nearly  all  the  way  from  a  little  south  of  Gullet  around  the  projecting 
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point  and  up  the  estuary  branch  to  Waterhead.  It  seemed  possible, 
however,  that  the  rocks  had  been  thrust  northward  and  that  the 
mica-schist  might  belong  to  the  mass  occurring  at  Good  Shelter, 
stretching  westward,  and  probably,  as  we  shall  describe,  eastward  also. 

The  Point,  which  projects  where  the  two  branches  of  the  estuary 
join,  is  occupied  by  mica- schist  much  folded,  varying  in  dip,  often 
nearly  vertical,  and  so  crushed  and  slickensided  that  small  frag- 
ments have  quite  a  phyllite  look ;  indeed  they  split  up  into  thin 
folia,  so  as  to  be  almost  describable  as  ^*  papery."  About  one  third 
the  distance  from  the  point  to  Waterhead  along  the  northern  shore, 
these  schists  pass  into  mica-schist  of  more  usual  character,  folded 
and  gnarled,  but  dipping  steadily  to  the  W.  of  N.,  with  one  inter- 
banding  of  chloritic  beds. 

Inland,  eastward  of  South  Pooh — Eastward  of  South-Pool  estuary, 
we  can  trace  the  beds  which  are  successively  cut  out  by  the  faulted 
junction,  and  which  probably  form  a  downward  succession.  With 
the  exception  of  the  chlorite-schist  which  occurs  first,  whose  dis« 
turbance  we  may  possibly  correlate  with  that  of  the  beds  near 
Gullet,  these  inland  exposures  show  a  general*  dip  to  the  N.  or 
W.  of  N.  Near  Wilton  and  eastward  of  it,  chlorite-schist  occurs 
exposed  by  roadsides  and  in  several  quarries;  the  dip  is  not  altogether 
uniform,  especially  at  places  approaching  the  boundary  line,  but  is 
partly  in  the  general  northerly  direction.  Next,  underlying,  js  a 
mass  of  mica-schist  cropping  out  around  Chivelstone,  at  and  north- 
ward of  South  Allington,  and  cut  by  the  main  fault  at  Killington, 
'  having  a  uniform  strike  and  northerly  dip.  There  is  evidence  of 
chlorite-bands  occurring  at  places  in  the  mica-schist.  I  would  ven- 
ture to  suggest  that,  possibly,  this  mass  may  be  a  continuation  of  the 
Portlemouth-Ferry  schist.  Underlying  the  mica-schist,  chlorite- 
schist  again  occurs  (including  some  mica-bands)  at  Bickerton,  and 
is  quarried  on  the  south  of  the  valley  to  the  eastward. 

Summing  up  the  succession  in  this  northern  area  we  seem  to 
have,  in  descending  order,  as  shown  in  the  annexed  section  (fig.  4), 
which  is  only  diagrammatic  : — 

1.  (o)  Interbanded  series,  found  south  of  Halwell  Wood,  and  on 
the  opposite  shore,  also  near  Lower  Batson. 

(h)  A  thick  band  of  chlorite-schist,  at  Scoble  and  at  Snapes  Point, 
west  of  Batson  inlet  and  extending  beneath  Salcombe.  On  the  coast 
this  might  be  represented  by  the  Westercomb-Point  and  Gullet  rocks 
and  by  those  near  Wilton  and  eastwards,  but  I  rather  prefer  to  place 
these  with  the  interbanded  series,  2  (6). 

2.  (a)  Mica-schist  north  of  the  side  estuary. 

(h)  Interbanded  series  (including  one  or  more  marked  masses  of 
chlorite-schist)  remaining  on  the  southern  shore  of  the  side  estuary, 
doubtfully  including  the  Westercomb,  Gullet,  and  Wilton  rocks. 

3.  Mica-schist  of  Portlemouth  Ferry  and  of  inland  exposures 
occurring  near  Good  Shelter  and  Waterhead,  possibly  including  the 
rocks  of  the  point  south  of  Gullet,  and  probably  continued  in  the 
Chivelstone,  South  Allington,  and  Killington  exposures. 

4.  Chlorite-schist  of  Bickerton,  which  I  have  not  attempted  to 
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trace  westwards,  so  that  its  presence  in  the  line  of  the  ftiinATA<< 
section  is  inferential. 

Pig.  4. — Generalized  Section  aeroa  the  Eastern  Arm  of  the  Estuary, 

N.W.K.  5  «•  E.S.E. 


Iku^. 


Mica-ichist. 

Oblorite-schist. 

PhyllitM. 


IV.    SUMMART. 

I.  As  to  the  relation  of  the  South- Devon  schists  to  the  adjacent 
tocksy  all  obseryations  which  I  have  been  able  to  make  support  Prof. 
Bonnej's  statement  that  the  slaty  beds  are  markedly  distinct  from  the 
true  metamorphic  rocks  to  the  south,  and  that  there  is  no  evidence 
of  progressive  metamorphism  in  this  district. 

JL  I  have  indicated  some  additional  illustrations  in  these  meta- 
morphic rocks  of  the  results  following  from  the  action  of  secondary 
forces.  That  both  the  chlorite-  and  the  mica-schists,  however 
originally  formed,  had  been  later  affected  by  lateral  pressure  is  shown 
in  Prof.  Bonney's  paper,  where  he  several  times  alludes  to  the 
crushing  of  ^e  one  series  and  the  crumpling  of  the  other.  The 
indications  of  a  folding  of  layers  in  chlorite-schist  are  but  rarely 
exhibited  with  deamess;  but  such  structures  as  the  transverse 
planes  locally  occurring,  the  pitted  weathering,  and  the  "  arenaceous 
aspect ''  alluded  to  by  Be  la  Beche,  seem  partially  due  to  the  effects 
of  lateral  pressure.  In  other  examples  Uiere  is  a  compressed  look, 
evidencing  apparently  similar  force  differing  in  direction.  The 
microscope  has  given  additional  evidence  of  the  crushing  of  the 
chlorite-rock,  shown  in  the  breaking  up  of  quartzose  layers,  the 
fracture  of  individual  crystals,  and  the  appearance  of  much  secondary 
mineralization ;  while  a  squeezing  of  the  beds  is  indicated  by  the 
pressed-out  form  of  the  layers  and  the  elongation  of  their  constituent 
grains.  In  mica-  and  micaceo-chloritic  schists  the  pressure  to  which 
they  have  been  subjected  has  resulted  in  a  crumpling  of  the  layers, 
often  in  the  formation  of  strain-slip  cleavage-planes  exhibited  in 
hand-specimens  and  under  the  microscope,  and  at  places  has  given 
rise  to  slickensided)  crushed  and  even  papery  schists*     The  larger 
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effects  of  pressure  are  seen  in  the  general  folding  of  the  beds  with  a 
dominant  strike  from  east  to  west,  and  in  the  high  dip  of  the  strata, 
sometimes  even  vertical,  thus  indicative  of  a  great  thrust  along  a 
S.  to  N.  line,  no  doubt  in  connexion  with  that  which  caused  the 
folding  of  strata  in  the  long  axial  ri^on,  stretching  from  Devonshire 
away  to  the  Hercynian  range. 

III.  In  tracing  stratigraphical  relations  among  the  northern 
metamorphio  rocks,  I  have  pointed  out  extensive  examples  of  inter- 
bandings  there  occurring.  Mica-  and  chlorite-schists  alternate  in 
thin  layers  or  thicker  beds  over  a  fairly  large  area  in  the  north,  as 
they  do  also,  perhaps  more  locally,  in  other  parts,  rerminding  one 
of  the  descriptions  given  by  Prof.  Bonney,  in  his  Presidential 
Address  *,  of  rocks  in  more  than  one  locality,  where  be  asserts 
the  necessity  of  some  material  distrnetions  in  the  original  beds. 
The  mineral  bands  in  these  South-Devon  rocks  may  be  of  an 
inch  or  a  few  inches  in  width,  but  often  they  are  to  be  measured 
by  feet,  and,  as  I  have  shown,  the  alternating  and  generally  even- 
bedded  series  south  of  Halwell  Wood  consist  of  masses,  on  ati 
average,  some  50  feet  thick.  The  limit  of  each  bed  is  often  abrupt 
and  distinctly  marked  off  from  the  next  in  succession,  although 
many  gradations  can  be  obtained  by  collecting  from  particular  and 
often  separated  areas.  If  it  should  be  that  we  have  here  an 
example  of  a  stratification-foliation,  this  will  lead  us  back  to  an 
anterior  epoch  when  the  great  Channel  mountains  were  not,  and 
will  suggest  to  us  the  wide  problem  of  the  origin  of  these  rocka 
and  the  question  of  a  primary  metamorphism. 

I  cannot  conclude  without  expressing  my  indebtedness  to  Prof* 
Bonney,  not  only  for  the  help  his  paper  afforded  me,  but  also  for 
valuable  suggestions  and  kind  encouragement  in  this  endeavour  to 
carry  on  his  work  in  the  south  of  Devonshire. 

*  Quart.  Journ.  Qeol.  Soo.  (1886),  p.  46. 
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51.  On  BoJJLDEBs  found  in  Seams  of  Goal. 
By  John  Spencer,  Esq.,  F.G.8.    (Read  June  23, 1887.) 

In  working  the  coal-seams  of  Lancashire,  particularly  in  those  seams 
found  near  the  Gannister  mine,  from  time  to  time  isolated  boulders 
have  been  discovered,  the  position  of  which  it  is  not  easy  to  explain. 

These  boulders  are  not  always  of  the  same  kind.  They  generaUv 
consist  of  granite,  quartz,  or  quartzite,  and  probably  of  local  rocks 
which  do  not  particularly  attract  the  attention  of  the  workmen  in 
the  collieries.  They  vary  in  size  from  an  inch  to  six  or  eight  inches 
in  diameter,  the  largest  being  of  granite. 

A  fine  specimen  has  lately  been  found  at  Old  Meadows  Fit,  near 
Bacup,  Lancashire,  by  Mr.  John  Lord,  Bacup.  It  weighs  6  lb. 
The  granite  is  composed  of  quartz,  reddish  felspar,  and  hornblende. 

This  boulder  was  imbedded  in  the  chief  coal  of  the  Bossendale 
district,  the  Gannister  or  Mountain  Mine,  at  a  distance  of  180  ft. 
from  the  surface  of  the  ground.  Between  this  seam  and  the  surface, 
besides  sandstones  and  shales,  are  found  the  Upper  Foot  or  Bullion 
Coal,  the  Forty  Yards'  Mine,  and  a  small  Gannel  Coal,  as  seen  in  the 
accompanying  section  :— 


Surface 


Sandstones  and  shales . 
Cannel  Coal,  1  in 


Sandstones  and  shales . 

Forty  Yards'  Mine,       1 
2  ft,  3  in.] 

Sandstones  and  shales . 


Upper  Foot  or  Bullion  1 
Coal,  8-18  in J" 

Sandstones  and  shales . 


Gannister  Coal, 

2  ft.  9  in.  to  3 


..} 


^ 

8 


There  was  no  trace  of  disturbance  in  the  strata  near  where  the 
boulder  was  found.  Similar  boulders  have  been  found  at  Crawsha  w- 
booth  and  Goodshaw  Hill,  about  four  miles  from  Bumlej-,  at  Wholaw 
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Nook  and  Burnt  HiUr  Coalpits,  in  the  same  district,  and  at  Higher 
Dog  Hill,  Oldham.  They  are  also  said  to  occur  in  the  neighbourhood 
of  Leeds. 

The  boulders  in  ever}'  case  are  isolated.  Sometimes  they  occur 
in  the  bed  of  coal,  and  sometimes  at  its  junction  with  the  over- 
lying rock.  The  boulders  or  pebbles,  in  the  instances  I  have 
seen,  are  invariably  waterwom  and  rounded. 

Two  possible  explanations  of  the  occurrence  of  boulders  in  this 
anomalous  position  may  be  suggested,  namely,  transportal  by  being 
entangled  in  the  roots  or  branches  of  trees,  and  the  agency  of  floating 
ice.  It  is  by  the  latter  means,  I  think,  that  the  boulders  observed 
were  in  all  probability  conveyed  to  the  spots  where  we  now  find 
them.  The  chief  evidence  in  its  favour  consists  in  the  presence  of 
rocks  brought  from  a  distance,  and  the  apparent  absence  of  local 
rocks. 
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{The  fossils  referred  to  are  described ;  and  those  of  which  the  names  are  printed 
in  italics  are  also  figured.] 


Abergele,  tombstone  in  churchyard  of, 
99. 

Aberhyd,  section  in  sea-diff  N.W.  of 
Bath  House,  76. 

Acer,  sp.,  290. 

Adur  and  Ouse  watershed,  section 
across  the,  656. 

and    Arun  watershed,  section 

across  the,  666. 

Age  of  the  rocks  of  the  Malyems, 
634. 

Aldershot,  Bagshotbedsof,  431;  well- 
section  at  South  Gamp,  434 ;  well- 
borings  at,  439. 

Town,  section  across,  438. 

Alloy  of  nickel  and  iron  in  New  Zea- 
land rocks,  Proc.  3. 

Allport,  Mr.  S.,  award  of  the  Lyell 
Medal  to,  Proc,  34. 

Alluyium  of  the  Yale  of  Clwyd,  97. 

Amphibolite  at  BoscofiT,  317. 

Amphibolites  of  the  He  de  G-roix,  303 ; 
of  the  neighbourhood  of  Quimperl^, 
311. 
Analysee  of  Gault-marl  from  Bojdon, 
586 ;  of  Gault-marl  from  Fancourt 
brickyard,  686;  of  hard  Chalk- 
marls  from  Boydon  and  Famham, 
586;  of  Chalk-marls  from  Wilt- 
shire, Famham,  and  Homingsea, 
587 ;  of  the  Sponge-bed  and  Inooe- 
ramus-bed  at  Hunstanton,  687;  of 
the  Chalk-marls  of  Grimston,  Boy* 
don,  and  Bersingham,  688  ;  of  Bed 
Chalk  from  Hunstanton,  688;  of 
Japanese  Fiedmontite,  477 ;  of  rooks 
<1.J.G.S.  No.  172. 


from  the  Herefordshire  Beacon, 
490,  499;  of  eucrite  lava  from 
Thj6r8&  in  Iceland,  498 ;  of  diorite 
from  Swinyard's  Hill,  602 ;  of  the 
water  of  the  Terata  Geyser,  169 ; 
ofBagshotBeds,  379. 

Angolat,  238. 

Anniversary  Address  of  the  President, 
Proc.  38-82.  See  also  Judd,  Prof. 
J.  W. 

Annual  Beport  for  1886,  Proc.  8. 

Arohiean  rocks  in  Brittany,  319. 

rocks  in  Sark,  Herm,  and  Jethou, 

334. 

Arctic  glaciers,  399. 

Ardtun,  Carsaig,  &c.  in  Mull,  gravels 
and  leaf-beds  of,  270. 

,  Mr.  G.  A  J.  Cole  on  the  con- 
stituents of  the  gravel  of,  276. 

beds,  270,  272. 

deposits,  geological  age  of  the, 

Head,    diagrammatic  elevation 

of,  271 ;  sections  in,  276,  278,  279, 

280. 
Arenig  Drift  of  the  Yale  of  Clwyd, 

74. 
Arisiosuchus  pusillus,  221. 
Arun,  section  across  the  valley  of  the, 

640. 
Basin,  superficial  geology  of  the, 

637.643. 
Arundel  Park,  367. 
Ash  ejected  from  Mount  Tarawera, 

186,  186. 
Ash  Grange,  well-boring  at,  436. 
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Ash  Green,  section  from  Gravel-pit 

Hill,  Aldershot,  to,  435. 
Ash-Green    Station,   well-boring   at, 

636. 
Ash  Station,  section  at,  435,  436. 
Ashurst,  section  from,  to  Heufieldy 

656. 
Astartian,  261 :  of  the  Bernese  Jura, 

237;   fossils  of  the,  238:   of  the 

Southern  Jura,  244 ;  fossils  of  the, 

244- 
Augite-andesite   ejected  from   Tara- 

wera,  184. 
Australian  Tertiaries,  BoTision  of  the 

Echinoidea  from  the,  411. 

Bacchus-Marsh  beds,  191. 

Bacup,  section  of  Old  Meadows  Fit, 

near,  734. 
B&g,    Cretaceous    Echinoidea    from 

near,  150. 
Bafshot  Beds  of  the  London  Basin, 

and   London  Clay,  431 ; 

table  of  borines  in  the,  441. 
Ba^shots  in  the  Walton-Common  sec- 
tion, 444. 
BcUana  primigeniay  9. 
Baleenidie,  8. 
Balienodon,  14. 
BaUBfiopteTa  d^iia,  11. 

emarginata,  12. 

Bannalec,  304,  305. 

Bann^,  239. 

Barkly,  Sir  Arthur,  on  the  slip  of  a 

peat-bog  in  the  Falkland  luands, 

Troc,  a. 
Barret  Bingstead,  Melboom  Bock  at, 

571 ;  section  at,  571. 
Barton    Bendish,    Melboum     Book 

near,  667. 
Basalts  of  Ardtun  Head,  272. 
Basseoourt,  238. 
Beach,   ancient,  and  boulders,  near 

Braunton    and  Croyde   in   South 

Devon,  657. 
,  shell-,  at  north  end  of  Herm, 

333 ;  raised,  on  Jethou,  333. 
Bearwood,  section  through,  388. 
Bedding,  absence  of  true,  among  the 

crystalline  rocks  of   the  Mslvem 

Hills,  534. 
Beetle,  wing-case    of,  from  Ardtun, 

289. 
Belemnitella  plena,  zone  of,  563. 
Belemnoziphius,  15. 
Belon  river,  intrusions  of  granite  in  a 

micaceous  gnfeiss  on  the,  313. 
Bernese  Jura,  upper  Jurassic  rocks  of, 

230. 
Bigslr^  Gold    Medal,  award  of  thei, 

to  Prof.  0.  Lapworth,  Proe,  37. 


Biotite-gneiBs,  from  North  Hill,  Mal- 
vern Banse,  494;  from  Swinyard'a 

Hill,   Malvern  Bange,   602,    503, 

504. 
Boar's  Head,  Botomahana,  171. 
Bahmeria  aniigua,  291. 
Bolt  Head,  crystal    of   Eyanite   in 

mica-schists  from  near,  7^ 
Bonney,  Prof.  T.  G.,  on  the  structurw 

and  relations  of  some  of  the  older 

rocks  of  Brittanv,  301. 
Borings  in  Kent,  197 ;  in  the  London 

Clay  and  Bagshot  beds,  441. 
Boulder,  of  grey  porphyry  at  base  of 

cliff  south  of  Saunton  Down,  665 ; 

of  red  granite  in  ancient  beach 

south  of  Saunton  Down,  666. 
Boulders,  northern,  transportal  of,  to 

theValeofClwyd,83. 
,   ancient,    near   Braunton   and 

Croyde  in  South  Devon,  657. 
— ,  quartzite,  and  grooves  in  the 

Boger  Mine  at  Dukinfield,  599. 
found  in  seams  of  coal,  jir.  J. 

Spencer  on,  735. 
Bourley  Bottom,  440. 
Bracknell,  section  through,  388. 

,  sections  of  Bacshots  near,  387. 

Braunton,  in  South  Devon,  ancient 

beach  and  boulders  near,  657. 
"  BrassU,"  653. 567,  569,  684. 
Brazil,  Prof.  O.  A.  Derby  on  Nephe- 

line-rocks  in,  457. 
Brecqhou,  granitic  rock  of,  330,  331 ; 

hornblende-schists  of,  325. 
Brenets,  242,  243,  246,  247. 
Bressanoourt,  239. 
Brick-earth  of  Hatch,  446 ;  probable 

geological  postion  of  the,  449. 

of  Ongar  Hill,  462. 

Bridlington,  fossils  of  the  drift  of, 

91,  93-97. 
Brittany,  structures  and  relations  of 

rocks    of,    301;    resemblances    of 

rocks  of,  to  thoee  of  other  localities. 

320. 
Brodie,  Bev.  P.  B.,   award  of  the 

Murchison  Medal  to,  Proc,  31. 
,  notes  on  the    Upper   Keuper 

section  at  Shrewley  where  fish  were 

found,  and  on  the  Trias  genendly 

in  Warwickshire,  540. 
Broken  Basin,  Botomahana,  171. 
Brynelwy,  drift  near,  82. 
Bi^nypin,  gravels  of,  86. 
Bryosoa,  Chilostomatous,  from  New 

Zealand,  40. 
,  pydoetomatous,  from  New  Zea- 

huid,337. 

.    Seealao"  Polyzoa." 

Buckhurst,  section  through,  388. 
Burgh,  traps  and  leaf-beds  at^  283^ 
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Burons,  Sark,  327. 

Burwell,  Chalk-marl  and  Totternhoe 
Stone  at,  553. 

Cabo  Frio,  occurrenoe  of  foyaite  at» 

457,  458. 
Cae  Gwyn  Gave,  104,  108 ;  flint  flake 

from,  108. 
Gaerhug,  sea-ehells  in  drifts  of,  86. 
Cffisar  s  Camp,  Aldershot,  433,  4d8» 

439,  440. 
"  Calcaire  k  N^rinte,'*  235,  248,  260 ; 

fossils  from  the,  236. 
Caldaa,  P0908  de,  occurrence  of  foyaite 

at  the,  457,  460. 

railway,  461. 

region,  sketch-map  of  the,  470. 

GaUaway,  Dr.  C,  on  the  alleged  con- 

Tcrsion  of  crystalUne  schists  into 

igneous  rocks  in  County  Gbdway,  517. 
,   preliminary   inquiry  into  the 

genesis  of  the  orptalline  schists  of 

the  Malvern  Hills,  525. 
Callovian,  255 ;  of  the  Bernese  Jura, 

230;   fossiU  of  the,  231;   of  the 

Southern  Jura,  242. 
Cambridge  Ghreensand,  PatricosauruB 

merocratus,  Seeley,  from  the,  216. 
,    distribution    of    the,   in 

West    SuJffblk    and  Norfolk,  545; 

minute  structure  of  the,  in  West 

Suffolk  and  Norfolk,  581 ;  of  Suf- 
folk and  Norfolk,  593. 
Campinas,  railway  from,  460,  461. 
Campo  Ghrande,  occurrenoe  of  foyaite 

at,  457,  458. 
Caquerelle,  236. 
Oarboniferous  Murchisonia,  Miss  J. 

Donald  on  some,  617. 
strata,  lower,  of  Scotland,  species 

of  the  genus  Diphyphyllumt  Lons- 
dale, in  the,  33. 
and    Hawkesbury    series,    New 

South  Wales,  glacial  action  in  the, 

190. 
or  Permian    deposits   in   Sao 

Paulo  and  Parana,  461. 
Carsaig,  Ardtun,  &c.  in  Mull,  grayel 

and  leaf-beds  of,  270. 
,  section  of  lower  part  of  clifi*  at 

Malcolm's  Point,  282. 
Cascata  Station,  rocks  near,  467-^9 ; 

foyaite  near,  467,  468,  470 ;  phono- 
lite  near,  471. 
Catopygus  elegans,  420. 
Cares  and  cave-deposits  of  the  Yale  of 

Clwyd,  73,  102,  105. 
Cefn  caves,  103, 107. 

Meiriadog,  caves  on,  104. 

Cellepora  albirostris,  68. 
coronopus,  68. 


Cellepora  oostata,  68. 

decepta,  69. 

tridenticulata,  68. 

8p.,70. 

Cercopid,  hind  wing  of  a,  from  Ard- 
tun, 289. 

Getaoea  of  the  Suffolk  Crag,  7. 

from  the  Graft  list  of,  17. 

Getotherium,  12. 

Chalk-marl  of  West  Suffolk  and  Nor- 
folk, minute  structure  of  the,  582. 

,  fossils  of  the,  in  West  Suffolk 

and  Norfolk,  573;  chemical  com- 
position of  the,  in  West  Suffolk  and 
Norfolk,  586-588 ;  from  the  Roydon 
cutting,  586 ;  from  Wiltshire,  Farn- 
ham,  and  Homingsea,  587 ;  from 
Hunstanton,  587 ;  red  marls  from 
Grimston,  Boydon,  and  Dersing- 
ham,  588. 

of  West  Suffolk  and  Norfolk, 

591. 

and  Totternhoe  Stone  in  West 

Suffolk  and  Norfolk,  552. 

Chalk  Valleys,  dry,  and  Coombe  Bock, 
Mr.  C.  Beld  on  the  origin  of,  364. 

Change  of  strike  and  faults  in  the 
Upper  Cretaceous  of  West  Suffolk 
and  Norfolk,  589,  590. 

Chapel  du  Mur,  318. 

Chasseral,  244. 

Chatham,  depth  of  second  boring  at, 
197. 

Ghattenden,  well-boring  at,  198. 

Chaux-de-Fonds,  242. 

Chemical  composition  of  the  Gault 
and  Chalk-marl  in  West  Suffolk 
and  Norfolk,  585-^8. 

Chertsey,  section  through,  453 ;  Lon- 
don Clay  at,  452,  454. 

Cheshire  and  IJancashire,  fossils  of 
the  Drifts  of,  89,  93-97. 

Chlorite-schists  of  South  Devon,  719, 
726. 

ChiloHtomatous  Bryozoa  from  New 
ZeaUnd,  40. 

Chloritoid  schists  of  the  He  de  Groiz, 
303. 

Chondrosteus  acipe7ueroide8,  605. 

Chonesriphius  planirosfris,  14. 

Chronology,  geological,  of  Sark, 
334. 

Ginctipora  elegans,  341. 

Cleayage,  strain-slip,  725. 

Cliff  of  consolidated  sand,  Saunton 
Down,  N.  Devon,  661. 

Clwyd,  Vale  of,  Drifts  of,  73;  fossils 
of  the  Drifts  of,  93-97  ;  classifica- 
tion of  the  Drifts  of,  114. 

Clwydian  Drift,  79. 

Clypeaster  folium,  415. 
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Glypeaster  gippslandicns,  416. 

Ooal-«eamB,  Mr.  W.  S.  Greslej  on 
the  formation  of,  671. 

Coal,  Mr.  J.  Spencer  on  Boulders 
found  in  seams  of,  735. 

Coast-line,  change  of,  in  North  Wa]e8, 
99. 

Coatham  Firs,  section  at,  642. 

Colwick  Wood,  near  Nottingham, 
notes  on  Triassic  Beds  at,  542. 

Colwrn  Bay,  section  in  sea-cliff  N.W. 
of  Bath  House,  Aberrh7d,76;  fossils 
of  the  Drifts  of,  89,  93-97. 

Combe  Chavatte,  233,  234. 

Grdde,  242,  244,  245,  246,  248. 

Conglomerates  and  sandstones  of  the 
Corrego  do  Quartel,  462. 

Contort^  strata,  overlain  by  current- 
bedded  deposits,  in  the  Hawkesbuiy 
series  of  Australia,  194,  195. 

Contour-map  of  part  of  the  South 
Downs,  366. 

Conyers,  242. 

Conversion  of  crystalline  schists  into 
igneous  rocks  in  County  Galway, 
Br.  C.  Callaway  on  the  alleged, 
617. 

Coogee  Bay,  near  Sydney,  N.S.W., 
contorted  strata  OTerlain  by  current- 
bedded  depositA  at,  194. 

Coombe  rock,  365;  fossils  of  the, 
365 ;  formation  of  the,  365. 

and    dry   chalk  valleys, 

Mr.  C.  Beid  on  the  origin  of,  364. 

Coral  Bag,  259,  26(). 

Corallian,  2.')8,  259 ;  of  the  Bernese 
Jura,  233 ;  of  the  Southern  Jura, 
243;  fossils  of  the,  244. 

Coralline  Oolite,  259,  260. 

Combrash,  255. 

Corrego  do  Quartel,  rocks  of  the  valley 
of  the,  461 ;  section  of  decomposed 
dyke  in  the,  4t)3. 

Correlation  of  the  Upper  Jurassics  of 
the  northern  and  central  Jura,  248, 
249 ;  of  English  and  Swiss  Upper 
Jurassic  deposits,  250-268 ;  accord- 
ing to  Oppel,  250,  254 ;  according 
to  Waagen,  252,  254 ;  according  to 
Benevier,  253,  254;  of  Purbeok 
and  Portland  in  the  Jura  and 
England,  according  to  MaiUard, 
266. 

C<yrylites  Macquarrii,  290. 

Courgenay,  239. 

Courrendlin,  236,  239. 

Crag,  Suffolk,  Cetaoea  of  the,  7. 

Crassohomera  waipukurensiSj  349. 

Cretaceous  of  India  and  the  Isle  of 
Wight,  IHnosaurian  vertebrsB  from 
the,  156. 


Cretaceous  strata  of  the  Lower  Nar-^ 

hadk  Begion,  Echinoideaof  Uie,  150. 
series  in  West  Suffolk  and  Nor- 
folk, lower  part  of  the  Upper,  544  ; 

map  of  the  outcrop  of  the,  in  West 

Suffolk  and  Norfolk,  &16. 
Creux  Derrible,  Sark,  325. 
Harbour,      homblende-sdiista- 

overlying  gneiss  at,  S2S. 

Harbour  gneiss,  326. 

Cribrilina  figularis,  53. 

monooeros,  52. 

radiata,  var.  Endlicheri,  53. 

Crimplesham,  Chalk-marl  at,  557. 

Crisina  canceUata,  349. 

Crocodile,  ProcceHan,  Prot  Seeley  ojk 

a,  212. 
Croyde,    in    South    Devon,    ancient 

beach  and  boulders  near,  657. 
Crystalline    schists,  on   the    alleged 

conversion  of,  into  igneous  rooks^ 

in  County  Gal  way,  517. 

of  the  Malvern  Hills,  625. 

Cuckmere  Basin,  superficial  ffeoloiry  of 

the,  648. 
Cwm  Nannerch,  ffravels  of,  86. 
Cyclostomatous  Biyozoa  from    New 

Zealand,  337. 

"  Dalle  nacr^e,"  242,  248. 

David,  Mr.  T.  W.  E.,  evidence   of 

glacial  action  in  the  Carboniferous 

and  Hawkesbury  series,  New  Soutli 

Wales,  190. 
Davis,  Mr.  James  W.,  on  Chondrottms 

acipemeroides,  Agassiz,  605. 
Del6mont,  233,  235,  239. 
DelphinldsB,  15. 
Dentition  and  affinities  of  the  Selachian 

genus  Ptychodvs^  Agassiz,  121. 
of  a  Triassic  Saurian  (  Galeaatmts 

planiceps,  Ow.),  1. 
Deposits,  subaenal,  of  the  Southern 

Wealden  area,  649. 
Derby,  Mr.  O.  A.,  on  nepheline-rocks 

in  Brazil,  with  special  reference  to 

the   association  of   phonolite  and 

foyaite,  457. 
Derbyshire  coal-field,  south,  evidence 

from  the,  as  to  the  formation  of 

coal-seams,  671. 
Dereham,    West,   Chalk-marl    near, 

557. 
Derrible  Bay,  Sark,  325. 
Dersingbam,    Tottemhoe   Stone    at,, 

559 ;  section  at,  560 ;  tliinwing  out 

of  the  Gault  at,  552. 
Devil's  Dyke,  367. 
Devonshire,  North,  Prof.  Hughes  on 

the  ancient  beach  and  boulders  i 

Braunton  and  Croyde,  in,  657. 
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DeyonBhire,  South,  Miss  0.  A.  Baisin 
on  the  metanjorphio  rocks  of,  715 ; 
map  of  part  of,  716. 

Diabaae,  altered,  from  the  Hereford- 
shire Beacon,  MalTem  Ranee,  496  ; 
from  the  HoUybuah  Pass,  Malrem 
Bange,  500. 

Diagram  showing  alternation  of  Gnult 
and  Lower  Chalk  between  Gam- 
bridge  and  Honstanton,  595. 

^—  showing  the  thinning-out  of  the 
Gbult,  and  the  amount  lost  bj 
erosion  between  Cheddington  and 
Dersingham,  595. 

Diastopora  samiensis,  yar.  perangusta, 
342. 

suborbicularis,  342. 

Diatoms,  freshwater,  presence  of,  in 
Bagshot  beds,  381. 

"Diglomerates,"  520,  523. 

Dingle,  between  the  Worcestershire 
Beacon  and  North  Hill,  rock  from 
the,  494. 

Dinosaurian  remains  in  the  collection 
of  A.  Leeds,  Esq.,  of  Eyebury, 
Northamptonshire,  693. 

yertebrse  from  the  Cretaceous  of 

India  and  the  Isle  of  Wight,  156. 

Diorite,  of  Gkilway,  foliation  in  the, 
522;  sections  of,  in  granite  near 
Glendalough,  520,  521. 

,  jointed,  section  of  granite  in, 

near  Glendalough,  519,  520. 

,  hornblende-ffneiss  formed  from, 

in  the  Malvern  Hills,  528. 

,   from    the     Dingle,    Malvern 

Bangs,  494;  from  the  Worcester- 
shire Beacon,  Malvern  Bange,  496. 

Diorite-gneiss,  duplex,  532 ;  granite-, 
533. 

Dioritee  from  North  Hill,  Malvern 
Bange,  492,  493. 

from  Swinyard's  Hill,  Malvern 

Bange,  501,  502. 

in  the  schists  of  the  Malvern 

Hills,  526. 

•^—  of  the  neighbourhood  of  Glenda- 
lough. 519^521. 

Diphyphyllum,  Mr.  J.  Thomson  on 
the  genus,  33. 

Blackwoodi,  36. 

,  var.  approaimatum,  36. 

concinnum,  35. 

cylindricum^  36. 

gracile,  37. 

latiseptatum,  37. 

,  var.  giganteum,  37. 

,  var.  intemtptum^  37. 

Dixcart  Bay,  Sark,  325. 

Dol,  section  at  bend  of  river  Elwy, 
near,  75. 


Dolerites,  fragments  of,  in  the  Essex 
Drifts,  355. 

Donald,  Miss  Jane,  on  some  carbon- 
iferous species  of  Murchisonia  in 
our  public  Museums,  61 7. 

Donations  to  the  Library  and  Museum, 
Proc.  83. 

Dover,  well-boring  at  the  convict- 
prison  at,  199. 

Drift,  Clwydian,  79 ;  marine,  of  North 
Wales,  79,  83;  Essex,  rocks  of, 
351. 

Drifts  of  the  Vale  of  Clwyd,  &a,  73 ; 
table  of  fossils  of  the,  93-97. 

Dry  Chalk  Valleys  and  Coombe  rock, 
on  the  origin  of,  364. 

Dukinfleld,  grooves  and  quartzite 
boulders  in  the  Boger  Mine  at,  599. 

Duncan,  Prof.  P.  M.,  on  a  new  genus 
of  Madreporaria  ( Glyphastraa), 
with  remarks  on  the  morphology  of 
GlyphcLstrtta  Forbesi,  KL  &  H., 
from  the  Tertiaries  of  Maryland, 
V.  S.,  24. 

,  on  the  Echinoidea  of  the  Creta- 
ceous strata  of  the  Lower  Narbed^ 
Begion.  150. 

,  revision  of  the  Echinoidea  from 

the  Australian  Tertiaries,  411. 

Duplex  diorite-gneiss,  532. 

Diirnten,  lignite  of,  401. 

Dykes,  intrusive,  in  Sark,  332. 

Earthquakes  during  the  eruption  of 

Mount   Tarawera,    New    Zealand, 

181-183. 
Easthampstead  Church,    sections  of 

Bagshots  near,  387. 
Echinobrissus  australias,  420. 
Echinoidea  of  the  Cretaceous  strata  of 

the  Lower  Narbad&  Begion,  150. 
from  the  Australian  Tertiaries, 

411. 
Echinolampas  ovulum,  420. 
Ejectamenta  of  the  Tarawera  erup- 
tion, 184. 
Ekaterinebourg,  notice  of  Exhibition 

to  be  held  at,  Proc.  86. 
EUeolite-syenite  in  Brazil,  457. 
Elsden,  Mr.  J.  V.,  on  the  Superficial 

Geology  of  the  Southern  Part  of  the 

Wealden  area,  037. 
Mwy,  Biver,  section  at  bend  of,  near 

Dol,  75 ;  section  in  the  east  bank  of 

the,  below  the  Moimt,  St.  Asaph, 

81. 
England,  Upper  Jurassic  Bocks  of, 

correlation   of,   with  those  of  the 

Swiss  Jura,  229. 
Entahphora  intricaria,  340. 
wanganuiefisis,  340. 
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Epidosite  from  the  Woroestenhire 
Beacon,  Malyem  Bange,  496. 

Epidote,  peculiar  Japanese  Tarietj  of, 
479. 

Equisetum  Gampbelli,  289. 

Equus,  Pliocene  type  of,  from  Nubia, 
molar  of,  161. 

Eriswell,  Middle  Cbalk  at,  565. 

Eroflion,  marine,  of  the  South  Downs, 
364.. 

Erratic  blocka  of  the  Southern  Weal- 
den  area,  649. 

Eruption  of  Mount  Tarawers,  178. 

Essex  Drift,  rocks  of  the,  351. 

Eucetus  amblyodon,  13. 

Eucrite  from  the  Herefordshire  Bea- 
con, Malrem  Bange,  497. 

lava  from  Thjdrsa,  in  Iceland, 

analjsis  of,  498. 

EuBpatangus  Laubei,  426. 
murrayensis,  426. 

-  rotundus,  426. 

Eyebury,  Northamptonshire,  Dino- 
saurian  remains  from  the  Kim- 
meridge  Clay  near,  693. 

Falkbmd  Islands,  Sir  i^.!Barkly  on 

the  slip  of  a  peat-bog  at  Stanley,  in 

the,  Froe.  a. 
False-bedding  in  the  Bagshot  beds, 

377. 
Fascicularia  tubipora,  344. 
Faults  of  the  Malvern  Hills,  483, 484, 

485,  487. 

and   change  of   strike  in  the 

Upper  Cretaceous  of  West  Suffolk 
and  Norfolk,  589,  590. 

Felsite,  mica-schiRt  formed  from,  in 

Baggedstone  Hill,  530. 
Felsites,  fragments  of,  in  the  {Essex 

Driile,  353. 
Felspar-porphyrites,  fragments  of,  in 

the  Essex  Drifts,  354. 
Feltwell,  Grey  Chalk  at,  555 ;  section 

near,  555. 
"  Fer  sous-oxfordien,"  282,  242,  255, 

256;  fossils  from  the,  232,  248. 
Ffynnon  Beuno,  caves  of,  104,  108; 

fossils    from,    110;    view    of  Old 

Fence  at,  111. 
Fincham,  Tottemhoe  Stone  near,  558. 
Fisher,  Bev.  O.,  award  of  the  Balance 

of  the  Lyell  Geological  Fund  to, 

Proc.  35. 
Fishes,  remains  of,  from  the  Keuper 

of  Warwick  and  Nottingham,  537. 
Fissures  formed  in  the  ground  during 

the  eruption  of  Mount  Tarawera, 

183. 
Fittleworth  Common,  section  on,  639. 
Flora  of  the  Ardtun  leaf-beds,  288. 


Flysch,  supposed  glacial  origin  of  the, 
396. 

Foliation  of  the  igneous  rocks  of  Gal- 
way,  522,  524. 

Fontenois,  239. 

Fordham,  Tottemhoe  Stone  at,  553. 

Fort  de  la  Croix,  303. 

Fossils,  distribution  of,  in  the  Drifts 
of  the  Vale  of  Clwyd,  Mod  Tryfan, 
Minera,  Lancashira  and  Cheshire, 
Macclesfield,  Eelsea,  and  Bridling- 
ton, 93-97. 

of  the  Callovian  of  the  Bernese 

Jura,  231;  of  the  "Terrain  4 
chaillee  siliceux,"  234;  from  the 
"Oolithe  Corallienne "  and  "Cal- 
caire  k  N^rin^,**  236;  of  the 
Astartian,  238 ;  of  the  Pterooerian, 
239;  of  the  Callovian  of  Pouil- 
lerel,  242 ;  of  the  Oxfordian  of  the 
Southern  Jura,  243 ;  of  the  Coral- 
lian,  244;  of  the  Astartian,  244; 
of  the  Pterocerian,  246;  of  the 
Gault  in  West  Suffolk  and  Nor- 
folk, 571 ;  of  the  Chalk-marl  in 
West  Suffolk  and  Norfolk,  573 ;  of 
the  Tottemhoe  Stone,  577;  of  the 
Grey  Chalk  in  West  Suffolk  and 
Norfolk,  579;  of  the  Melboum 
Book  in  West  Suffolk  and  Norfolk, 
580. 

Fox  Hills,  437. 

Foyaite  and  phonolite,  association 
of.  in  nepheline  rocks  in  Brazil, 
457. 

,  phonolite-  and  crystalline  in- 
clusions in,  468. 

,  inclusions  of,  in  phonolite,  459, 

467. 

Gabbro,  hornblende-,  from  North 
Hill,  Malvern  Bange,  492. 

GalesauruB  planiceps,  1. 

Galway,  County,  on  the  alleged  con- 
version of  crystalline  schists  into- 
igneou.4  rocks  in,  517. 

,  rocks  of,  517;  gneiss  of,  523, 

524. 

Gardner,  Mr.  J.  Starkie,  on  the  leaf- 
beds  and  gravels  of  Ardtun,  Car- 
saig,  &c.  in  Mull,  270. 

€ku*net,  peculiar  Japanese  cnstals  of, 
479. 

Gault  of  West  Suffolk  and  Norfolk, 
590. 

,  chemical  composition  of  the,  in 

West  Suffolk  and  Norfolk,  585, 
586;  marls  from  Boydon  and 
Grimston,  585,  586;  marl  from 
Fancourt  brickyard,  586:  distri- 
bution of  the,  in  West  Suffolk  and 
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Norfolk,  545;    focuk    of  the,  in 

West  Suffolk  and  Norfolk,  571; 

minute  etraofcure  of  the,  in  West 

Suffolk  and  Norfolk,  580. 
Gajton,  Totternhoe  Stone  at,  558; 

exposure  of  Grey  Ohalk  at^  568; 

section  at,  569;    Melboum  Bock 

near,  569. 
Oenesis  of  the  crystalline  schists  of 

the  MaWem  Hills,  525. 
Oeology,  superficial,  of  the  southern 

^rt  of  the  Wealden  Area,  Mr.  J. 

V.  Elsden  on  the,  637. 
Oiant  Buttress,  Botomahana,  170. 
Glacial  action  in  the  Carboniferous 

and  Hawkesbuiy  series.  New  South 

Wales,  190. 

beds,  Oarboniferous,  in  Aus- 
tralia, 190. 

Period,  considerations  on  the, 

with  reference  to  the  antiquity  of 
man,  393 ;  dates  assigned  to,  393- 
395. 

periods,  supposed  recurrence  of, 

395,396. 

Glacier-moTcments,  seasonal  fluctua- 
tions of,  398,  401. 

Glaciers,  arctic,  phenomena  of,  399. 

Olauoonitic  marl  at  Stoke  Ferry,  548, 
557 ;  at  Grimplesham,  557 ;  of  West 
Suffolk  and  Norfolk,  minute  struo- 
ture  of  the,  582. 

Olaucophane  amphibolites  of  the  He  de 
Groix,303. 

Glendalough,  igneous  rocks  of  the 
neighbourho<d  of,  519-522. 

Globicephalus  undderu,  16. 

GloveUer,  281,  239. 

Glyphastraa  Forben,  Ed.  k  H.,  fVom 
the  Tertiaries  of  Maryland,  U.S., 
24. 

Glyptodrcbus  europaua,  289. 

Gneiss,  banded,  of  the  Pouldu,  section 
of  contorted,  306. 

,  biotite-,  from  North  Hill,  Mal- 

yem  Banffe,  494. 

,  hornblende-,  formed  from  dio- 

rite,  in  the  Malyem  Hills,  528. 

,  homblendic,  from  the  Here- 
fordshire Beacon,  Malvern  Bange, 
496. 

,  micaceous,  intrusions  of  granite 

in,  on  the  Belon  Biver,  Brittany, 

3ia 

,  mica-,  formed  from  granite,  in 

the  Malvern  Hills,  528. 
— ,  duplex  diorite-,  523;  granite- 

diorite-,  533. 

ofGalway,523,524. 

Gneisses    of  Quimperl^,    305,   d07> 

308. 


Chieissio   quartz-^enite  from  North 

Hill,  MaWem  Bange,  490. 
and  other  crystalline  rocks  of 

the  MalTcm  Hills,  482,  483. 

-  rocks,  association  of,  with  ig- 
neous masses  in  the  Malvems, 
533. 

Goathurst  Hill,  section  through,  388. 

Gobat,  234. 

(derrick  Plantation,  section  through, 

«5oo. 
Goyai?  range,  457. 
Grand  Mole,  Sark,  327. 
Granite,  intrusion  of,  in  a  micaceous 

gneiss  on  Belon  Biver,  Brittany, 

,  overlying,  of  Sark,  328. 

— ,  sections  of,  in  jointed  diorite, 

near  Glendalough,  519,  520. 
,  sections    of  diorite   in,    near 

Glendalough,  520,  521. 

of  Ghilway,  foliation  of  the,  522. 

,  mica-gneiss  formed  from,  in  the 

Malvern  Kills,  528. 
from  the  Worcestershire  Beacon, 

Malvern  Bange,  495. 

or  pegmatite,  from  Swinyard*s 

HUl,  Malvern  Ban^,  501. 

,  boulder  of  red,  m  ancient  beach 

S.  of  Saunton  Down,  666. 

fragments,  absence  of,  in  the 

Essex  Drift,  352. 

Granite-diorite-gneiss,  533. 

Granite-vein,  contorted,  in  gneiss, 
527. 

Ghunites  near  Boscoff,  316. 

Granulite  from  the  Worcestershire 
Beacon,  Malvern  Ban^e,  494. 

Granulites,  fragments  o^  in  the  Essex 
Drifts,  358. 

Ghrass-tree,  Oarboniferous  glacial  beds 
at,  192. 

Gravel  of  Ardtun,  Mr.  G.  A.  J.  Cole 
on  the  constituents  of  the,  276. 

Gravels  and  leaf-beds  of  Ardtun, 
Carsai^,  &e.  in  Mull,  270. 

Gravel-pit  Hill,  Aldershot)  section 
from,  to  Ash  Green,  435. 

Greenland,  great  ice-sheet  of,  399. 

Greensand,  Cambridge,  in  West  Suf- 
folk and  Norfolk,  545. 

—I f  PcUricaaaurus  fneroeratus, 

Seeley,  from  the,  216. 

Gresley,  Mr.  W.  S.,  on  the  formation 
of  coal-seams,  as  suggested  by  evi- 
dence collected  chieflv  in  the  Lei- 
cestershire and  South  Derbyshire 
coal-fields,  671. 

Grey  Chalk  of  West  Suffolk  and  Nor- ' 
folk,    596;    fossils    of    the,    579; 
minute  structure  of  the,  584. 
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Qrimston,  Gault  near,  649,  551; 
boring  near,  550. 

Groom,  Mr.  T.  T.,  on  some  new  fea- 
tures in  PelanecMnut  corallinus, 
704. 

OrooTOs  and  quartzite  boulders  in  the 
Boger  Mine,  at  Dukinfield,  599. 

Halleflinta,  306,  807. 

Hall  Sands,  boundary  of  slatj  and 

metamorphic  series  at,  718. 
Hambleton  Oolite,  259. 
Hastines,  Heteroutchus  valdenns  from 

the  Hastings  Sand  of,  212. 
Hatch,  briok-earth  of,  446, 449. 
Hatch-Farm  cU^-pit,  Wobum  Hill, 

section  in,  447,  448. 
Hayre  Gosselin,  Sark,  325. 
Hawkesburj  and  Oarboniferous  Se- 
ries,   New    South    Wales,    glacial 

action  in  the,  190. 
Heaoham,  Melboum  Bock  at,  570; 

section  at,  570;  Tottemhoe  Stone 

near,  561. 
Henfleld,  section  from    Ashurst  to, 

656. 
Herefordshire  Beacon,MalTem  Bange, 

section  through  the,  488;    rodu 

from  the,  49o-t^00;    analyses  of 

rocks  from  the,  498,  499. 
Herm,  granitic    rock    of,  332,  333, 

334 ;  shell-beach  at  North  end  of, 

333. 

,  rocks  of,  322. 

Herpetooetus  scaldiensis,  13. 
Hessle  beds,  shells  of,  90. 
Heterooetus,  12. 
Heteropora  napierensis,  348. 

pelliculata,  318. 

Heterosuchus  valdensiSf  212. 

Hill,  Bey.  E.,  on  the  rocks  of  Sark, 

Herm,  and  Jethou,  322. 
Hill,  Mr.  W.,  and  Mr.  A.  J.  Jukes- 
Browne,  on  the  lower  part  of  the 

Upper  Oretaceous  Series  in  West 

Suffolk  and  Norfolk,  544. 
Hillington,  section  at,  569. 
Hockwold,  Grey  Ohalk  at,  555. 
Holaster  austrciuB,  420. 

difficilis,  421. 

subglobosuB,  rone  of,  563. 

HoUybush  Pass,  Malyem  Bange,  rock 

from,  500. 
Holmston  Camp,  well-boring  at,  204. 
Hope  Coye,  boundary  of  slaty  and 

metamorphic  series  at,  715. 
Hoplocetus,  14. 
Homblende-gabbro  from  North  Hill, 

Malyem  &nge,  492. 
Hornblende-gneiss,  formed  from  dio- 

rite,  in  the  Malyem  Hills,  528. 


Hornblende-schists  of  Sark,  324 ;  fi^- 
bedding  in,  324;  oyerlying  gneiss 
in  Sark,  327,  328;  oyerlain  by  gra- 
nite in  Sark,  330. 

Hudleston,  Mr.  W.  H.,  supplementaiy 
note  on  the  Walton-Common  Sec- 
tion, 443. 

Huelgoat,  318. 

Hughes,  Prof.  T.  M'Eenny,  on  the 
Drifts  of  the  Vale  of  Clwyd,  and 
their  relation  to  the  Cayes  and  Cay»- 
deposits,  73. 

,    on    the    ancient    Beach   and 

Boulders  near  Braunton  and  Croyde 
in  South  Beyon,  657. 

Hulke,  Mr.  J.  W.,  award  of  the  Wol- 
laston  Gold  Medal  to,  Proe,  30. 

,  on  some  Dinosaurian  remains  in 
the  collection  of  A.  Leeds,  Esq.,  of 
Eyebury,  Northamptonshire,  693. 

Hungry  Hill,  440. 

Hunstanton,  exposure  of  Chalk-marl 
and  Tottemhoe  Stone  in  cliff  at, 
561;  section  of  cliff  at,  562;  Bed 
Chalk  of,  563 ;  Sponge-bed  at»  563 ; 
Grey  Chalk  at,  571. 

Hutton,  Capt  F.  W.,  the  eruption  of 
Mount  Tarawera,  178. 

Huxley,  Prof.  T.  H.,  onHyperodapedon 
Gardoni,  675. 

Hyotherium,  jaw  of,  from  the  Pliocene 
of  India,  19. 

perimensef  19. 

Hyperodapedon  Gordoni,  Prof.  Huxley 
upon,  675. 

Hyperoodon,  sp.,  14. 

Ice-action,  evidence  of,  in  Carbonife- 
rous deposits  of  Australia,  192, 193 ; 
in  the  Mawkesbury  series  of  Aus- 
tralia, 193, 194 ;  in  Siluro-Beyonian 
beds  in  New  South  Wales,  195. 

Ice-sheet,  of  Greenland,  399. 

Ice-sheets  of  Europe  and  America  in 
Glacial  times,  40O. 

Iceland,  analysis  of  eucrite  laya  from 
Thj6rs&  in,  498. 

Idmonea  contorta,  339. 

ramosa,  339. 

serpens,  339. 

Igneous  masses,  association  of  gneissic 
rocks  with,  in  the  Malyems,  533. 

rocks,  effects  of  intrusion  of,  in 

Brittany,  319;  of  Galway,  518, 524 ; 
foliation  of  the,  522;  age  of  the, 
523. 

,  on  the  alleged  oonyersion 

of  crystalline  schists  into,  in  County 
Galway,  517. 

Iguap6  yalley,  occunenoe  of  foyaite  in 
the,  457,  460. 
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Be  de  Groix,  d02. 

ImplementB,  stone,  from  Pontnewydd 

(Save,  116. 
India,  jaw  of  Hyotherium  from  tbe 

Pliocene  of,  19. 
—  and  the  lale  of  Wiffbt,  Dinosau- 

rian  yertebrie  from  the  Cretaceous 

of,  156. 
Inholmes  Farm,  section  at,  645. 
I^jection-schigts  in  the  Midyern  HiUs, 

582. 
Interglacial  warm  periods,  397. 
Iron  and  nickel,  peculiar  alloy  of,  in 

some  New  2iealand  rooks,  Vtoc.  3. 
Irony  concretions  in  theBagshot  bedsi 

378. 
Irving,  Eev.  A.,  the  Physical  History 

of  the  Bagshot  beds  of  the  London 

Basin,  374. 
Isle  of  "Wight  and  India,  Dinosaurian 

Tertebre  from  the  Oretaoeous  of, 

156. 
Isleham,  Tottemhoe  Stone  at,  553; 

well-section  near,  554. 
Itacoluraite  of  the  Corrego  do  Quartel, 

461 ;  of  the  Bio  das  Antas,  471. 
Itambd,  occurrence  of  foyaite  in,  460. 
Itatiaia,  occurrence  of  foyaite  in  the 

peak  of,  457,  459. 

Japan,  occurrence  of  piedmontite- 
sohist  in,  474. 

Jethou,  rocks  of,  322;  granitic  rock 
of,  332,  333,  339;  raised  beach  on, 
333. 

Jones,  Prof.  T.  B.,  note  on  Nummu-' 
lites  elegans,  Sowerby,  and  other 
English  Nummulites,  132. 

Jouffne,  245. 

Judd,  Prof.  J.  W.  (President),  Address 
on  presenting  the  WoUaston  Gold 
Medfil  to  Mr.  J.  W.  Hulke,  Proc,  30 ; 
Address  on  presenting  the  Balance 
of  the  Wollaston  Donation  Fund  to 
Mr.  B.  N.  Peach,  Proc.  31 ;  Address 
on  presenting  the  Murchison  Medal 
to  tne  BeT.  P.  B.  Brodie,  Proc.  31 ; 
Address  on  handing  the  Balance  of 
the  Murchison  Geological  Fund  to 
Dr.  H.  Woodward,  for  transmission 
to  Mr.  B.  Kidston,  Proc,  33 ;  Ad- 
dress on  handing  the  Lyell  Medal 
to  Prof.  T.  G.  Bonney,  for  transmis- 
sion to  Mr.  S.  Allport,  Proo,  34; 
Address  on  presenting  the  Balance 
of  the  Ljell  geological  Fund  to  the 
Eev.  O.  Fisher,  Proc.  35 ;  Address 
on  presenting  the  Bigsby  Gold 
Medal  to  Prof.  C.  Lapworth,  Proo, 
3 7 .  A nni versar>'  Address,  February 
18,  1^1  \— Obituary  Notices  of  De- 

aJ.G.  S.No.  172. 


ceased  FeUotos :  the  Earl  of  Enni- 
skillen,  Proc.  38  ;  Sir  0.  J.  F.  Bun- 
bury,  Proc.  39 ;  Mr.  George  Busk, 
Proc.  40 ;  Mr.  J.  A.  Phillips,  Proa. 
41 ;  Mr.  H.  M.  Jenkins,  Proc.  44 ; 
Dr.  H.  B.  Holl,  Proc.  46 ;  Mr.  Caleb 
Evans,  Proc.  47 ;  Eev.  W.  Downes, 
Proc.  48 ;  Prof.  P.  Guthrie,  Proc. 
48  ;  Mr.  A.  Grote,  Proc.  48  ;  Dr. 
Hermann  Abich,  Proc,  49;  Prof. 
G.  Guiscardi,  Proc.  50 ;  and  M.  P. 
L.  Comet,  Proc,  50.  Address  on 
the  work  done  by  the  Society  and 
its  Fellows,  on  the  progress  of 
geology,  and  on  petrologioal  inves- 
tigations, Proc.  51. 

JukeS'Browne,  Mr.  A.  J.,  and  Mr.  W. 
Hill,  on  the  Lower  Part  of  the  Upper 
Cretaceous  series  in  West  Suffolk 
and  Norfolk,  544. 

Jura,  Swiss,  Upper  Jurassic  rocks  of, 
correlation  of  the,  with  those  of 
England,  229. 

,  north  and  central,  correlation  of 

Upper  Jurassics  in  the,  248. 

,  Southern,  Upper  Jurassics  of 

the,  241. 

Kelloway  rock,  255. 

Eelsea,  fossils  of  the  drifts  of,  90,  93- 

97. 
Kent,  deep  borings  in,  197. 
Kers^lec,  bay  of,  312. 
Keuper,  section  in  the,  at  Shrewley, 

where  fish  were  found,  540. 
of  Warwick  and  Nottingham, 

on  the  remains  of  fishes  from  the, 

537. 
Eidston,  Mr.  B.,  award  of  the  Balance 

of  the  Murchison  Geological  Fund 

to,  Proc.  33. 
Killary  harbour,  Silurian  conglome- 
rates of,  523. 
Eimeridge  clay,  260,  261,  263,  2&1. 
Eimeridgian  of  the  Bernese  Jura,  239 ; 

fossils  of  the,  239. 
Kingley  vale,  367. 
Knockseefin,  rocks  of,  518;  foliation 

in  diorite  of,  522. 
Kotd,  Prof.  B.,  on  some  occurrences 

of     Piedmontite-schist    in  Japan, 

474. 
Kyanite,  crystal    of,    in    mica-schist 

from  near  Bolt  Head,  724. 

La  Baume,  245. 

Lakenheath,  Middle  Chalk  at,  565. 

Lancashire  and  Cheshire,  fossils  of  the 

drifts  of,  89,  93-97. 
Lapworth,  Prof.  C,  award  of    the 

Bigsby  Gold  Medal  to,  Proo,  37. 
3p 
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Lava,  eucrite,  from  Thj6n&  in  Ice- 
land, analysis  of,  498. 

Leaf-beds  and  gravels  of  Ardtun,  Oar- 
saig,  &c  in  MuU,  270. 

Leeds,  Mr.  A.,  of  Eyebury,  North- 
amptonshire, Mr.  Hulke  on  Dino- 
saurian  remains  in  the  collection  of* 
693. 

Leicestershire  Coal-field,  evidence 
from  the,  as  to  the  formation  of 
coal-seams,  671. 

Leiocidaris,  sp.,  412. 

Lepralia  bisiata,  62. 

foraminigera,  62. 

imbellis,  60. 

longipora,  61. 

'^—  Poissonii,  69. 

Tedilineata,  60. 

.^—  rogtrigera^  61. 

semilunar  var.  simplex^  62. 

Les  Autelete,  Sark,  325. 

Les  Praises,  243. 

Leucite  rock  of  Pinhalzinho,  463, 464. 

Lias,  Mr.  E.  A.  Walford  on  some 
Polyzoa  from  the,  632. 

Lichenopora  clypeiformis,  345. 

Houldsworthi,  347. 

foanganuiefma^  346. 

Lieeberg,  233,  234 ;  section  in  quarry 
near,  234. 

Limestones,  fragments  of,  in  the  Essex 
drifts,  361. 

Lion  rock,  Kotomahana,  167. 

Llandulas,  caves  at,  104. 

Lockley  Park,  section  through,  388. 

Locle,  245,  247,  248. 

Locmaria,  303. 

Loges,  244. 

London  Basin,  Bagshot  beds  of  the, 
374. 

clay  aad  Bagshot  beds  of  Alder- 
shot,  431 ;  table  of  borings  in  the, 
441. 

Longbury  Hill,  section  on,  643. 

Lovenia  Forbesi,  424. 

Lower  Calcareous  Grit,  258,  259. 

Lunulites  pet^loides,  70. 

Lydd,  well-boring  at,  204. 

Lydekkor,  Mr.  B.,  the  Cetacea  of  the 
SuflTolk  Cra^,  1. 

,  description  of  a  jaw  of  Hycthe" 

num.  from  the  Pliocene  of  India,  19. 
,  on  certain  Diuosaurian  vertebns 
from  the  Cretaceous  of  India  and 
the  Isle  of  Wight,  156. 

,  on  a  molar  of  a  Pliocene  type  of 

Emius  from  Nubia,  161. 

LyeU  G^logical  Fund,  award  of  the, 
to  the  Eev.  O.  Fisher,  Proc.  35. 

. Medal,  award  of  the,  to  Mr.  S. 

Allport,  Proc.  34. 


Lyons,  Mr.  H.  G-.,  on  the  London  Clay 
and  Bagshot  beds  of  Aldershot,  431. 

Macclesfield,  fossils  of  the  drift  of,  90^ 
93-97. 

Malcolm's  Point,  Carsaig,  basalts, 
gpivels,  and  leaf-beds  of,  281 ;  flec- 
tion of  lower  part  of  cliff  at,  ^2. 

Malvern  axis,  classification  of  crystal- 
line rocks  of  the,  484. 

Hills,  distinction  between  crys- 
talline rocks  of  northern  and 
southern  portions  of  the,  482 ;  rock» 
of  the,  481,  489-512 ;  age  of  the 
rocks  of  the,  634 ;  crystalline  schists 
of  the,  525. 

Bange,  plans  and  section  of  the, 

488 .  classification  of  the  rocks  of 
the,  505-507;  history  of  the,  507- 
509. 

Man,  the  Glacial  Period  with  reference 
to  the  Antiquity  of,  393. 

,  Preglacial,  406,  407;  probable 

date  of,  407. 

Mantiqueira  Bange,  occurrence  of 
foyaite  in  the,  457. 

Map,  contour-,  of  part  of  the  South 
Downs,  366 ;  of  the  North  Island 
of  New  Zealand,  178 ;  of  the  country 
round  Tarawera  Volcano  after  the 
eruption  of  10th  June,  1886,  180; 
of  Sark  and  the  neiffhbouiing  islets, 
323;  of  parts  of  the  ]^ovinoes  of 
Bio  de  Janeiro,  Sao  Paulo,  and 
Minas  Geraes,  458 ;  of  the  Caldas 
region,  470 ;  of  the  outcrop  of  Cre- 
taceous rocks  in  West  Suffolk  and 
Norfolk,  546 ;  of  the  southern  por- 
tion of  the  Wealden  area,  650 ;  of 
part  of  South  Devon,  716. 

Maretia  anomala,  422. 

Marham,  Melboum  Bock  at,  567, 568. 

Marham  Hill,  glauconltic  marl  in 
watercourse  at,  558. 

Marine  deposits  of  Wales,  Cheshire, 
and  Lancashire,  87. 

erosion  of  the  South  Downs, 

364. 

Martin,  Mr.  J.,  the  Terraces  of  Boto- 

mahana^  165. 
Maryland,  Glyphattrtga  ForbeH,  Ed. 

&  H.,  from  the  Tertiaries  of,  24. 
Materials,  derived,  in   the  Baeahot 

beds,  378. 
Megalaster  compressus,  422. 
Megaptera  affinis,  11. 

—  minuia,  11. 

Melboum  Bock,  range  of,  564-570; 
fossils  of  the,  in  West  Suffolk  and 
Norfolk,  680;  minute  structure  of 
the,  in  West  Suffolk  and  Norfolk 
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585 ;  of  West  Suffolk  and  Norfolk, 
597. 

Membranipora  atmtUus,  47. 

Dumeriliif  45. 

LacroixHt  var.  grandis,  46. 

—  lineata,  45. 

monostacht/s,  46. 

nobUia^  46. 

oocuUataj  48. 

Bolidula,  46. 

spinosa,  48. 

trifolium,  48. 

MemhraniporeUa  nitida,  rar.,  52. 

Mesoplodon,  15. 

longirosiris?,  15. 

Hetamorphio  rocks  of  South  Devon, 
Miss  (f.A.  Baisin  on  the,  715 ;  cha- 
racters of,  719. 

Metaiuorphism,  effects  of,  on  Paleo- 
zoic rocks  in  Brittany,  319;  pro- 
ducts of,  in  the  Malyems,  528; 
period  of,  in  the  Malvern  Hills,  534. 

Methwold,  Middle  Chalk  at,  566. 

Mica-gneiss,  formed  from  granite,  in 
the  Malvern  Hills,  528. 

Mica-schist  from  Baggedstone  Hill, 
Malvern  Kange,  503 ;  formed  from 
felsite,  in  Ea^edstone  Hill,  530. 

Mica-schists  of  the  He  de  Groix,  302  ; 
of  South  Devon,  724,  725;  of  Por- 
tlemouth  Ferry,  730;  south  of 
South  Pool,  730. 

Hicaceo-chloritic  schists  of  South 
Devon,  721,  725. 

3iicraster  hrevistella,  421. 

Micropore  lepida,  51. 

variperjoraia,  51. 

Microporella  ciliata,  53. 

decorata,  var.  angustipora,  54. 

?  macropora,  54. 

magnirostris,  55. 

Microscopic  structure  of  Bagshot  beds, 
380. 

Middle  Terrace,  Botomahana,  171. 

Midsummer  Hill,  534 ;  section 
through,  488. 

Mildenhall,  Middle  Ohalk  at,  564. 

Minas  G^raes,  sketch-map  of  part  of 
the  province  of,  458;  occurrence 
of  foyaite  in,  460. 

Minera,  fossils  of  the  Drifts  of,  89, 
9^-97. 

Moel  Tryfan,  fossils  of  the  Drifts  of, 
89,  93-97. 

Monoporella  capensis,  49. 

,  var.  dentata^  49. 

crassatina,  49. 

diijuncta,  50. 

tDaipukurensiSf  50. 

Montchaibeut,  238. 

Montmelon,  231.  234,  236. 


Morfa  Bhuddlan  beds,  98. 
Morlaix,  older  rocks  of,  317. 
Mornhology  of  GlyphastreBa  Forbesi, 

Ed.  &  H.,  from  the  Tertiaries  of 

Maryland,  U.S.,  24. 
Mount  Tarawera,  eruption  of,  178. 
Moutier  Station,  section  in  cutting 

north  of,  241. 
Mucronella?  Almreriana,  57. 

Jirmaia,  58. 

?  Liversidgii,  58. 

nitida,  55. 

Peachii,  var.  octodentata,  56. 

porosa,  57. 

pnestans,  56. 

tricuspis,  57. 

,  var.  waipukurenns,  57. 

Mud  ejected  from  Mount  Tarawera, 

185,  186. 
Mud-voloanoee   of  Botokanapanapa, 

174. 
Mull,  gravel  and  leaf-beds  in,  270. 
Murchison  Geological  Fund,  award  of 

the,  to  Mr.  B.  fcdston,  Proc,  33. 

Medal,   award  of  the,  to  the 

Bev.  P.  B.  Brodie,  Proo,  31. 

Murchigonia,  Miss  Jane  Donald  on 
some  Carboniferous  roecies  of,  617. 
Murchisonia  angtUata,  621. 

kendalensisj  624. 

pyramidaia,  627. 

8ph<Brvlata^  629. 

tenuissima,  629. 

Vemeuiliana,  626. 

zonata,  628. 

Narbad&  Begton,  Echinoidea  ot  the 

Cretaceous  strata  of  the  Lower,  150. 
Narborough,   Melbourn    Bock    near, 

568. 
Nepheline-rocks  in  Brazil,  457. 
Newton,  Mr.  E.  T.,  on  the  remains  of 

fishes  from  the  Keuper  of  Warwick 

and  Nottingham,  with  notes  on  the 

mode  of  occurrence  bv  the  Bev.  P. 

B.  Brodie,  M.A.,  and  Mr.  E.  Wilson, 

637. 
New  South  Wales,  glacial  action  in 

the  Carboniferous  and  Hawkesbury 

series  of,  1*.K3 ;  ice-action  in  Siluro- 

Devonian  beds  in,  195. 
New  Zealand,  Chilostomatous  Bryo- 

zoa  from,  40 ;  Cyclostomatous  Bryo- 

zoa  from,  337. 
,  map  of  the  North  Island 

of,  178. 
•^— ,  Prof.  Ulrich's  discovery  of 

a  peculiar  alloy  of  nickel  and  iron 

in  some  rocks  of,  Proc.  3. 
Nickel  and  iron,  peculiar  alloy  of,  in 

New  Zealand  rocks,  Proc,  3. 


Digitized  by  LjOOQ IC 


748 


eSVBBAJi  INDEX. 


Nine-mile  Bide,  sectioii  through  the, 

388. 
Noirvaux-dcflBOUB,  245. 
I7orfolk,  on  the  lower  part  of   the 

Upper  CretaoeouB  eenee  in  West 

Suffolk  and,  544. 
I7orth  Hill,  Malyem  Bange,  rooks 

from,  489-494.  534. 
,  section  through,  488 ;  and 

the  Worcestershire  Bmcon,  section 

through,  510. 
li'orihamptonshire,    Dinosaurian    re- 
mains Irom  the  Kimmeridge  Olav 

of,  693. 
North  Wales,  change  of  coast-line  in, 

99. 
Norway,  Mr.  W.  F.  Stanley  on  the 

probable  amount  of  the  former  gla- 

ciation  of,  Froc.  83. 
Nottingham,  notes  on  Triassic  beds  at 

Colwiok  Wood,  near,  542. 
and  Warwick,  on  the  remains  of 

fishes  from  the  Eeuper  of,  537. 
Nubia,  molar  of  a  Pliocene  type  of 

EquuB  from,  161. 
Nummulites,  table  of  the  range  of,  in 

England,  148. 
Nummulites  eleganitt  132, 142. 

liBvigatus,  147. 

variolaritis,  145. 

Okaro  craters,  181, 182, 184. 

Omosaurus  durobrivensis,  699. 

Ongar  Hill,  brick-earth  of,  452. 

Onoclea  hebridica,  289. 

"Oolithe  coraUienne,"  235,  248,  269; 
fossils  from  the.  236. 

Orca  ciioniensis,  16. 

Omithodesmus  cluniculta,  206. 

Omithopgis  Leedsii,  697. 

Ortholophus,  414. 

lineatus,  413,  415. 

Otukapuaranga,  176. 

Ouse  JBasin,  superficial  geology  of  the, 
646. 

^ and    Adur   watershed,  section 

across  the,  656. 

Owen,  Sir  K.,  on  the  skull  and  denti- 
tion of  a  Triassic  Saurian  (Gale- 
saunis  planicepSf  Ow.),  1. 

Oxborough,  Melbourn  Bock  near,  567. 

Oxford  Clay,  256,  257. 

Oxfordian,  255,  258, 259 ;  of  the  Ber- 
nese Jura,  232;  of  the  Southern 
Jura,  242 ;  fossils  of  the,  243. 

**  Oxfordien  calcaire,"  242. 

Palieontology  of  the  ^ppw  Cretaceous 
deposits  of  West  Suffolk  and  Nor- 
folk, 571-580. 


PalieoKoic  rocks  of  Brittany,  effects  of 

metamorphism  in  the,  319. 
,  Upper,  in  Sao  Paulo  and 

Parana,  461. 
Paradoxeohinus  noTus,  415. 
Parana,  Upper  Paiaeoxoic  deposits  in, 

461. 
Patricotaurtu  merocraius,  216. 
Peach,  Mr.  B.   N.,    award    of    the 

Balance  of  the  WoUaston  Donation 

Fund  to,  Proc.  31. 
Peat  of  the  Clwyd  estuary,  99. 
Peat-bog,  Sir  A.  Barkly  on  the  slip  of 

a,  in  tide  Falkland  Islands,  Proc.  2. 
Pebbles  of  the  Bagshot  beds,  376. 
Pegmatite  from  a  vein  at  the  Wych, 

Malvern  Bange,  505. 
Pela$techinu8  o&rallimis,   Mr.    T.   T. 

Groom  on  some  new  features  in, 

703. 
Pericosmus  compressus,  423. 

gigas,  423. 

Permian  or  Carboniferous  deposits  in 

Sao  Paulo  and  Parana,  461. 
*•  Pholadomien,"  243,  25& 
Phonolite,  inclu^ons  of  foyaite    in, 

459, 467 ;  inclusions  in  foyaite,  468. 
and  foyaite,  association  of,    in 

nepheline-rocks  in  Brazil,  457. 
Physeteridse,  13. 
Physical  History  of  the  Bagshot  Beds 

of  the  London  Basin,  374. 
Pichoux,  234,  240. 
Picti,  occurrence  of  foyaite  in,  460. 
Piedmontite,    crj'Stals  of,   in  Japan, 

474-477;    optical     characters    ot, 

476 ;  analysis  of,  477 ;  comparison 

of  Japanese,  with   that    of  other 

localities,  477 ;  geographical  distri- 
bution of,  478. 
schist  in  Japan,  occurrences  of, 

474. 
Pinhalzinho,  leucite  rock  of,  463, 464 ; 

phonolite   of,  464;    conglomerate 

near,  464;  foyaite  of,  465;  sections 

on    railway    near,    464;    sections 

across  and  on  the  sides  of  the  tunnel 

near,  406. 
Pink  Terrace  of  Botomahana,  176. 
Pipeclay,  origin  of,   in  the  Bagshot 

beds,  378. 
Plan  of  the  Boger  Mine,  Dukinfield, 

600. 
Plan  of   rein-structure  in  schistose 

rocks,  535. 
Plan  and  section  of  the  White  Terrace, 

Botomahana,  107. 
Plans   and  sections  of  the  Malrem 

Bauge.  488. 
Plas  lleaton  Cave,  103,  III;  fossOs 

of,  106. 
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Plataniies  kebridums,  289. 

PlesiooetuB,  12. 

Pliocene  of  India,  jaw  of  Hyotherium 

from  the,  19. 
Pliocene  tjpe  of  Equus  from  Nabia, 

molar  of  a,  161. 
PluTial  Period,  869. 
Porrentruy,  239,  240. 
P090B  de  Caldas,  oocurrenoea  of  foyaite 

at  the,  457.  460. 
Podocarpus  Gampbelli,  289. 

sp.,  289. 

Poikilopleuron    piuiUus      (Owen), 

221. 
Point   Terrible,  Sark,  826;    section 

showing    hornblende-schist    over- 
Wing  gneiss  at,  327. 
Polyzoa,  Mr.  A  A.  Walford  on  eoine, 

fh}m  the  Lias,  632. 

.     See  also  Bryozoa. 

Pontnewydd  Oaye,  108,  107 ;  fossils 

from,  107. 
,  stone  implements  from, 

116. 
Poroelbnite,  318. 
from  the  Herefordshire  Beacon, 

Malvern  Bange,  499. 
Porella  conoinna,  63. 
Porina  ffrandipora,  59. 
Porphvrites,  quartc-,  fragments  of,  in 

the  Essex  Drift,  353. 
Porphyry,  boulder  of  grey,  at  base  of 

ohff,  south  of  Saunton  Down,  665. 
Port  du   Moulin,  Sark,  hornblende- 
schists  of,  324. 
Port  es  Saies,  Sark,  325. 
Portlandian,    264;    of   the    Bernese 

Jura,  241 ;  of  the  Southern  Jura^ 

246. 
Portlemouth  Ferry,  mica-schist    of, 

730. 
Postglacial  lapse  of  time,  404. 
Pouillerel,  242. 
Pouldu,  contorted  banded  gneiss  at 

the  embouchure  of  the,  308. 
Pressure,  evidence  of,  in   the  schists 

of  the  Malvern  Hills,  527. 
Prestwich,  Prof.  J.,  Considerations  on 

the  Date,  Duration,  and  Conditions 

of  the  Glacial  Period  with  reference 

to  the  Antiquity  of  Man,  393. 
Psammechinus  Wilsoni,  413. 
Pterocerian,  261,  263,   264:    of  the 

Bernese  Jura,  239 ;   fossils  of  the, 

239:   of  the  Southern  Jura,  245; 

fossils  of  the,  246. 
Ptt/chodu8f     Agassiz,    dentition    and 

affinities  of  the   Selachian  eenus, 

121.  ^ 
Ptychodue  decurrens,  123-130. 
paueisulcaius,  127. 


Piychodus  polygyrusy  127. 
Purbeokians,    265;    of  the  Bernese 

Jura,  241 ;  of  the  Southern  Jura, 

247. 

Quarts-porphyrites,  fragments  of,  in 

tlie  Essex  Drift,  353. 
Quarts-rock,    fragments    of,    in   the 

Essex  Drift,  359. 
Quartz-syenite,  gneissic,  from  North 

Hill,  Malvern  Ban^e,  490. 
Quartz-tourmaline,  fragments  of,  in 

the  Essex  Drift,  353. 
Quartz-traefayte,  fragment  of,  in  the 

Essex-Drift,  354. 
Quartzite   boidders  and    grooves  in 

the    Eoger  Mine    at    Dukinfield, 

599. 
(itaoolomite)  of  the  Corrego  do 

Quartel,  461 ;  of  the  Bio  das  Antas, 

471. 
schist,  micaceous,  from  Bagged- 
stone  Hill,  Malrem  Bange,  5057 
Quartzitee,  fragments  of,  in  the  Essex 

Drift,  359. 
QuercUea  grcenlandicus,  29 1 . 
Quimperl^,  older  rocks  of,  304-314. 

Baddiflfe,  Mr.  James,  on  (Grooves  and 

Quartzite  Boulders    in  the  Boger 

Mine  at  Dukinfield,  599. 
Baggedstone  Hill,    Malvern   Bange, 

^;  felsite  in,  527;   rocks    from, 

504,  505 ;  section  through,  488. 
Bainfall,  of  the  Glacial  period,  403 ; 

influence  of,  on  Glaciers,  404. 
Baisin,  Miss   Catherine  A.,  on   the 

Metamorphic  Bocks  of  SouthDevon, 

715. 
Bavenswood,  brook-sections    in    the 

Bagshots,  south  of,  382,  383. 
Beach,  Chalk-marl   and    Tottemhoe 

Stone  at,  552. 
Bed  Chalk  of  Hunstanton,  552,  592 ; 

chemical  composition  of  the,  588. 
Bedan  Hill,  Aldershot,  section  from 

Thorn  Hill  to.  431. 
Beid,  Mr.  C,  on  the  origin  of  Dry 

Chalk  valleys  and  of  Coombe  Bock, 

364. 
Bemains  of  Fishes  from  the  Eeuper  of 

Warwick  and  Nottingham,  537. 
Beptocavea  aspera^  347. 
Bhyl,  section  in  drift-beds  near,  98. 
Bhynchonella  Cuvieri,  zone  of,  563. 
Rhynchopora  longirostris,  70. 
Bbynchosauridce,  691. 
Rhynchosaurus  articeps,  676,  689. 
Bhyolite,  ejected  from  Tarawera,  184; 

near  Quimperl^,  306. 
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Bio  de  Janeiro,  sketcb^map  of  part  of 

the  province  of,  458. 
Eio  Pardo,  471. 
Biver-origin  of  the  GrayelB  of  Ardtun 

and  CarsaifiN  284. 
Boberts,  Mr.  T.,  on  the  Correlation  of 

the  Upper  Jurassic  rooks  of  the 

Swiss  Jura  with  those  of  EngUnd, 

229. 
Boche,  236. 
Bock,  Coombe,  and  Dry  Chalk  Talley% 

on  the  origin  of,  364. 
Bocks  of  Brittany,    stroctures  and 

relations  of,  301. 
,  igneous,  on  the  alleged  conrer- 

sion  of  crystalline  schists  into,  in 

County  GaJway,  617. 

of  Sark,  Herm,  and  Jethou,322. 

of  the  Essex  Drift,  351. 

of  the  Malvern  Hills,  481. 

,  Upper  Jurassic,  of  the  Swiss 

Jura,  correlation  of,  with  tliote  of 

England,  229. 
Boger  Mine   at   Dukinfield,  grooTes 

and  quartzite  boulders  in  the,  599. 
Boscoff,  older  rocks  of  the  district  of, 

314 ;  gneisses  of,  314 ;  view  of  low 

cliff  at,  314;   granite   near,   316; 

amphibolite  of,  317. 
Bother,  section  across  the  yalley  of 

the,  640. 
Botokanapanapa,    mud-volcanoes  of, 

174. 
Botomahana,  explosion  of,  181,  182 ; 

effects  of  eruption  upon,  183. 
,  Lake,  179 ;  disappearance  of, 

177. 

,  Terraces  of,  165. 

Botomakiriri,  Lake,  disappearance  of, 

177. 
Botorua,  hot  springs  of,  181. 
Bowe,  Bev.  A.  W.,  on  the  Bocks  of 

the  Essex  Drift,  351. 
Boydon,  Tottemhoe  Stone  near,  558. 
Buapehu,  178, 181, 182. 
Butley,  Mr.  F.,  on  the  Bocks  of  the 

Malvern  Hills,  481. 

St  Anne's    Hill,    section    from    St. 

Georges  Hill  to.  453. 
St.-A8aph  Drift  of  the  Vale  of  Owyd, 

79. 
,  fossils  of  the  Drifts  of,  89,  93- 

97. 
,  section  in  the  east  bank  of  the 

Elwy  below  the  Mount,  81. 
St.  George,  section  in  quarry  near  the 

village  of,  85. 
St.  George's  Hill,  section  &om,  to  St, 

Anne's  Hill,  453. 
St  Imier,  242,  247,  248. 


St.  Ursanne,  238. 

Ste.  Croix,  243,  244,  248. 

Salcombe,  section   of  cliff  opposite 

Old  Castle  near,  729. 
estuary,  boundary  of  slaty  and 

metamorphic  series  near,  717;  in- 

terbandea  series  of,  727 ;  chlorite* 

schist  of,  728 ;  section  across  eastern 

arm  of,  732. 
Salenia  tertiaria,  412. 
Sandringham,  Gkiult  at,  552 ;  Tottem« 

hoe  Stone  near,  559. 
Sandstones,  fragments  of,  in  the  Essex 

Drifts,  360. 
and  conglomerates  of  the  Corrego 

do  Quartel,  462. 
fieo  Paulo,  sketch-map  of  part  of  the 

Srovinoe  of,  458 ;  Upper  PaUeozoio 
eposits  in,  461. 
Sark,  map  of,  323 ;  rocks  of,  322; 

hornblende-schist  of,  324;    Oreuz- 

Harbour  gneiss    of,  326;   granitio 

rock  of,  328,  333,  334;    veins  and 

dykes  in,  332. 
Sarsens,  distribution  of  the,  380. 
Saunton  Down,  cliff  of  consolidated 

sand  at,  661 ;  boulder  of  grey  por- 

phyrv  at  base  of  cliff  south  of,  665 ; 

boulder  of  red  granite  in  ancient 

beach,  south  of,  666. 
Scaldicetus,  14. 
"  Schillerization,"  492. 
Schist,  mica-,  formed  from  felsite,  in 

Baggedstone  Hill,  530. 
,  Piedmontite-,  occurrence  of,  in 

Japan,  474. 
Schists,  crystalline,  fragments  of,  in 

the  Essex  Drifts,  359,  alleged  ooa- 

version  of|    into  igneous  rocks,  in 

County  Galway,  517 ;  of  the  Mal^ 

vem  Hills,  525. 
,  injection-,  in  the  Malvern  Hills, 

532. 

of  the  He  de  Groix.  802. 

of  the  Malvern  Hills,  diorites  in 

the,  526 ;  granite  in  the,  526 ;  fel- 

site  in  the,  527. 
,  simple,  of  the  Malvern  HIIIb, 

528. 
Schistose  rocks,  plan  of  vein-structure 

in,  535. 
Schistositv,  period  of,  in  the  rocks  of 

the  Malvems,  535. 
Bchizopordla  cinctipora;72a.per9(mata^ 

67. 

circinata^  64, 

clavula,  65. 

conservatay  65. 

cribrilifera,  65. 

hyalina,  68. 

ooliqua^  66. 
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Schizoporella  Bidleyi,  64. 

—  tuberosa,  yar.  anffustaia,  67. 

Scoble  Point,  728. 

Scotland,  Lower  Oarboniferous  strata 
of,  species  of  the  genus  Diphyphyl- 
lum,  Lonsdale,  in  the,  83. 

flections,  diagram-  at  bend  of  Biyer 
ElwY,  near  Dol,  75 ;  in  the  sea-cliff 
N. W.  of  the  Bath  House,  Aberrhyd, 
Colwyn  Bay,  76 ;  in  the  east  bank 
of  the  Elwy,  below  the  Mount,  St. 
Asaph,  81 ;  in  quarry  near  the  vil- 
lage of  St.  George,  85 ;  of  the  White 
Terrace,  Botomohana,  167 ;  of  con- 
torted strata  overlain  by  current- 
bedded  deposits,  at  Cooffee  Bay, 
near  Sydney,  N.S.W.,  194;  in  a 
quarry  near  the  roadside,  south- 
east of  Liesberg,  234 ;  in  railway- 
cutting  north  of  Moutier  station, 
241 ;  of  west  side  of  ravine,  Ardtnn 
Head,  275 ;  in  quarry  on  east  side 
of  ravine,  Ardtun  Head,  276;  in 
second  ravine,  Ardtun  Head,  278 ; 
in  fetoe  of  cliff,  Ardtun  Head,  279 ; 
of  leaf-bed  and  gravels  at  Ard- 
tun, 280 ;  of  lower  part  of  cliff  at 
Malcolm's  Point,  near  Oarsaig,  282; 
diagnuDomatic,  of  contorted  banded 
gneiss  at  the  embouchure  of  the 
Pouldu,  308  ;  of  banded  gneiss  and 
amphibolite  at  the  embouchure  of 
the  Pouldu,  311;  of  micaceous  gneiss 
with  intrusions  of  granite,  313 ;  of 
gneiss  and  mnites  at  Boscoff,  316 ; 
showing  "  &dse-bedding  "  in  horn- 
blende schists  in  Sark,  324 ;  show- 
ing hornblende-schists  overlying 
gneiss  in  Sark,  327,  328 ;  of  granite 
overlying  homblende-scliist  in  Sark, 
330 ;  of  dry  chalk  coombes  in  the 
South  Downs,  367  ;  from  Welling- 
ton Ck)llege  to  Wokingham,  388; 
from  the  river  Loddon  to  Ascot 
race-course,  388 ;  from  Thorn  Hill 
to  Bedan  HiU,  Aldershot,  431 ;  from 
Qravel-pit  Hill,  Aldershot,  to  Ash 
Green,  436 ;  across  Aldershot  Town, 
438 ;  in  Walton  Common,  445  ;  in 
Hatch-Farm  Clav-pit,  Wobum  Hill, 
448;  from  St.  George's  HiU  to  St. 
Anne]s  Hill,  453 ;  of  decomposed 
dyke  in  cutting,  Corrego  do  Quartel, 
4o3 ;  on  railway  near  Pinhalzinho, 
464 ;  across  and  on  the  sides  of  the 
tunnel  near  Pinhalzinho,  4(56 ;  dia- 
grammatic, through  the  Msdvem 
Hills,  from  south  to  north,  488; 
through  North  Hill  and  the  Wor- 
cestershire Beacon,  610;  of  granite 
in  jointed   diorite,    near  Glenda- 


lough,  519, 520 ;  of  diorite  in  granite, 
near  Glendalough,  521 ;  of  a  con- 
torted granite-vein  in  gneiss,  627  ; 
showing  passage  of  felsite  into  schist 
inBaggedstoneHill,530;  of  chalk- 
marl  and  gault  obtained  by  boring 
near  Boydon,  553;  in  quarrv  at 
Stoke  Ferry,' 556;  in  Dersingham 
parish  chalk-pit,  660 ;  of  cliff  near 
the  Lighthouse  at  Hunstanton,  562 ; 
showing  the  alternation  of  Ghiult 
and  Lower  Ohalk  between  Gam- 
bridge  and  Hunstanton,  and  the 
thinning-out  of  the  Gault  between 
Oheddington  and  Dersingham,  596 ; 
on  Fittleworth  Common,  639;  at 
Stopham  Bridge,  639;  across  the 
valleys  of  the  Bother,  Arun,  and 
Stor,  640 ;  on  Sullinj[ton  Common, 
641;  at  Coatham  Firs,  642;  on 
Longbury  Hill  643;  at  In- 
holmes  Farm,  645 ;  at  Selmeston 
Church,  647 ;  general,  across  the 
river-valleys  of  the  Southern  Weal- 
den  area,  656 ;  across  the  Arun  and 
Adur  watershed,  666;  across  the 
Adur  and  Ouse  watershed,  656 1 
from  Ashurst  to  Henfield,  across 
the  Adur  Valley,  656;  diagram-, 
showing  mode  of  formation  of  some 
of  the  hiffh-level  beaches  of  Devon- 
shire, 659  ;  diagram-,  showing  suc- 
cession of  deposits  west  of  Saunton 
Court,  660;  diagram-,  across  the 
South  Flank  of  Saunton  Down, 
661 ;  of  cliff  opposite  Old  CasUe, 
near  Salcombe,  729 ;  across  eastern 
arm  of  Salcombe  estuary,  730 ;  of 
Old-Meadows  pit,  near  Bacup,  734. 

Seeley,  Prof.  H.  G.,  on  a  sacrum,  in- 
dicating a  new  type  of  bird,  Om/- 
thodesmus  clunicidus,  Seele}%  from 
the  Wealden  of  Brook,  206. 

,  on  Heteroauchus  valdensia^  See- 
ley, a  Proccelian  Crocodile  from  the 
Hastings  Sand  of  Hastings,  212. 

,   on    PatricosauruB    merocrattu, 

Seeley,  a  lizard  from  the  Cambridge 
Greensand,  preserved  in  the  Wood- 
wardian  Museum  of  the  University 
of  Cambridge,  216. 

,  on  ArUtomchm  pu»Ulits  (Owen), 

being  further  notes  on  the  fossils 
described  by  Sir  B.  Owen  as  Foikl- 
lopleuron  pusU/us,  Owen,  221. 

Selmeston  Church,  section  at,  647. 

Semionottis  Brodiei^  539. 

sp.,  539. 

Septastriea,  24. 

Sequanian  of  the  Bernese  Jura,  237  ; 
fossils  of  the,  238. 
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Sequoia  Langadorfiif,  289. 

Bern  do  Bo^na,  oocurrenoe  of  foy- 

aite  in  the,  457. 
•^— -  do  Oanastra,  457. 

do  £spinhaoo,  467. 

^— -do  Mar,  oocairenoe  of  foyaite 

in  the,  457. 
Shell-beach  at  north  end  of  Henn, 

833. 
Shells,  marine,  in  drift  on  Oaerhug, 

86. 
Shouldham,  Chalk-marl  at,  558. 
Shrewley,  notee  on  the  Upper  Keaper 

section  at,  540. 
Silurian  conglomerates  of  Killary  Har* 

hour,  oontttituents  of  the,  523. 
SUuro-Devonian  beds,  ioe-aotion  in,  in 

New  South  Wales,  195. 
Smittia  biincisa,  var.  bicuspis,  58. 

Napierii,  69. 

Snapes,  728. 

Snettisham,  section  of  Lower  Chalk 

near,  561. 
"  8oci6t^  Ouralienne  d' Amateurs  des 

Sciences  Naturelles,"  notice  of  exhi- 
bition by  the,  at  Ekaterinebouig, 

Proe.  86. 
Soham,  Cambridge  Greensand  near, 

647. 
Soleure,  245. 
South  Deron,  Miss  0.  A.  Baisin  on 

the  metamorpbic  rooks  of,  715. 

Downs,  marine  erosion  of  the, 

364;  contour-map  of  the,  366;  sec- 
tions in  the,  367. 

Pool,  boundary  of   slaty  and 

metamorpbic  rocks  near,  717 ;  mioa- 
achists  south  of,  730. 

Soyhi^re,  236. 

Spencer,  Mr.  John,  on  Boulders  found 
in  seams  of  coal,  735. 

Sphenodon,  676,  677.  679,  680,  681, 
687. 

SphenodontidBB,  691. 

Sphenodontina,  691. 

Spongitian,  258. 

"  Spongitien,"  242. 

SqualodontidsB,  15. 

Stanley,  in  the  Falkland  IsUuids,  Sir 
A.  Barkly  on  the  slip  of  a  peat- 
bog at,  Proc.  a. 

Stanley,  Mr.  W.  R,  on  the  probable 
amount  of  former  glaoiation  of  Nor- 
way, Proc.  83. 

Stealn-jets  in  the  hill  surrounding 
Terata,  175. 

Steganoporella  neozelanica,  50. 

Stoke  Ferry,  Gault  near,  547  ;  boring 
at,  548 ;  Tottemhoe  Stone  at,  555, 
657 ;  section  in  quarry  at,  556. 


Stcmatopora  ehngaia,  636. 

— —  granulata,  §41.  > 

major,  342. 

Stone  implement*  from  Pontnewydd 
CbTe,  116. 

Stopham  Bridge,  section  at,  639. 

Stor,  section  across  the  Talley  of  the, 
640. 

Strain-slip  dearage,  725. 

Strata,  contorted,  oTerlain  by  current- 
bedded  deposits,  in  the  Hawkea- 
buty  series,  Australia,  194,  195. 

Stratification,  absence  of,  amonff  the 
crystalline  rooks  of  the  MuTcm 
Hills,  534. 

Stratigraphical  relations  of  the  meta- 
morpbic rocks  of  South  DeTon, 
727. 

Stratigraphy  of  the  Upper  Cretaceous 
depoeiU  in  West  Suffolk  and  Nor- 
folk, 545. 

Strood,  well-boring  at,  203. 

Subaerial  depositn  of  the  Southern 
Wealden  area,  649. 

Suffolk  Crag,  Cetaoea  of,  7. 

,  West,  and  Norfolk,  Meesis.  Hill 

and  Jukea-Browne  on  the  Lower 
Part  of  the  Upper  Cretaceous 
Series  in,  544. 

SuUington  Common,  section  on,  641. 

Superc}'tiB  digitata,  344. 

Surfaoe-dria  of  the  Yale  of  dwjd, 
97. 

Swinyard's  Hill,  534 ;  section  through, 
488 ;  rocks  from,  500-503 ;  mica- 
^eiss  formed  from  granite  in,  528. 

Swiss  Jura,  correlation  of  Upper  Ju- 
rassic Rocks  of,  with  tnooe  of 
England,  229. 

Sydney,  contorted  strataj  orerlain  by 
current-bedded  deposito  at  Coogee 
Bay  near.  194. 

Syenite,  fragments  of,  in  the  Easez 
Drift,  352. 

Talargooh  beds,  86. 

Tarawera,  Mount,  179;  account  of 
the  eruption  of,  181  ;  products  of 
the  eruption  of,  184 ;  map  of  the 
country  around,  after  the  eruption, 
180;  cause  of  the  eruption  of,  187. 

Taxus  Campbelli,  289. 

Temora,  New  South  Wales,  ice-action 
in  Siluro-DeTOnian  beds  at,  195. 

Terata  Geyser  of  Botomahana,  165, 
167,  168;  8team.jets  in  the  hill 
surrounding,  175. 

Terraces  of  Botomahana,  165. 

'*  Terrain  k  chailles  mamo-caloaire," 
233. 
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**  Terrain  l^ohailles  silioeux,"  2&i,  248, 

258,259;  foMils  of,  239. 
Terrible  Bay,  Sark.  325,  326. 
Tertiarie«,  Australijin,  BeTisioD  of  the 

Eohinoidea  from  the,  411. 
of     Marjland,      Giyphasfrtea 

ForheH  from  the,  24. 
Thiergarten,  233,  234,  236,  238. 
Thj6rs^  Iceland,  analysie  of  euorite 

lava  from,  498. 
Thomson,  Mr.  James,  on  the  Occur- 
rence of  species  of  the  genus  Diphy- 

phjfUum,  Lonsdale,  in  the   Lower 

Carboniferous  Strsta  of  Scotland, 

with   a    description  of  some  new 

species,    and  notices    of   Tarioties, 

33. 
Thorn  Hill,  Aldershot,  section  from, 

to  Bedan  Hill,  431. 
Tingua,  occurrence  of  foyaite  at  the 

peak  of.  457,  459. 
Titanosaurus,  157,  159. 
Tongariro,  179,  181,  182. 
Tottemhoe    Stone    in    West   Suffolk 

and  Norfolk.  59G;    fossils  of  the, 

577;    minute    structure    of    the, 

684. 
and  Chalk-marl  in  West 

Suffolk  and  Norfolk,  552. 
Trachytes,   superficial   fragments  of, 

in  Essex,  355. 
,  quarts-,  fragment  of,  in  the  Ensez 

Dritl,  354. 
Tramelau,  241. 
Traps  of  Ardtun  Head,  272. 
Tremeirohion,  caves  near,  104,  108. 
'J'rias    in    Warwickshire,    notes    on, 

540. 
Triassic  Beds  at  Colwick  Wood,  near 

Nottingham,  542. 
deposits,     supposed,     in     Sao 

Paulo  and  Parana,  461. 
TuMipora  biduplicafay  343. 

Cajnpickeana,  343. 

inconatanSy  633. 

sp.,  635. 

TurHtella  ?  mlcifera,  630. 
Twinning    of  Japanese    crystals    of 

Piedmontite,  475. 

Ulrich,  Prof.,  notice  of  discovery  of  a 
peculiar  alloy  of  Nickel  and  Iron  in 
^'ew  Zealand  rocks,  I*roc.  30. 

Vakngin,  247,  248. 

Valleys,  dry  Chalk-,  and  Coorobe 
Bock,  Mr.  Clement  Reid  on  the 
origin  of,  364. 

Vallorbes,  248. 

Vein-structure,  plan  of,  in  schistose 
rocks,  535. 

Veins,  mineral,  in  Sark,  332. 
Q.J.  G.S.  No.  172. 


Vermes,  239. 

Villars,  239. 

Villers-le-Lac.  247. 

Virgulian,    261,    263,    264;    of  the 

Southern  Jura,  246 ;  of  the  Bernese 

Jura,  240. 
Vorbourg,  236,  237,  239. 

Wahanga,  eruption  of,  181. 

Wairakei,  hot  springs  of,  183. 

Walford,  Mr.  E.  A.,  on  some  Polvxcja 
from  the  lias,  632. 

Walton-Common  Section,  Mr.  W. 
Hudleston  on  the,  443;  continua- 
tion of  the,  445,  446. 

Warfleld  Brick-yard,  section  in,  386. 

Warwick  and  Nottingham,  remains 
of  Fishes  from  the  Keuper  of. 
537. 

W^arwickshire,  notes  on  Trias  in, 
540. 

Waters,  Mr.  A.  W.,  on  Tertiary  Chi- 
lostomatous  Bryoxoa  from  New 
Zealand,  40. 

,  on  Tertiary  CyclostomatousBry- 

ozoa  from  New  Zealand.  337. 

Wealden  Area,  Mr.  J.  V.  Elsden  on 
the  Superficial  Geology  of  the 
Southern  part  of  the,  637. 

of     Brook,      sacrum      from, 

indicating  a  new  type  of  bird 
(Omithoae^mus  climiculus^  Seelev), 
206. 

Wellington  College,  section  of  Bag- 
shot  beds  to  the  north  of,  384  ; 
section  from,  to  Wokiugbam,  388. 

Well-section  at  D  lines.  South  Camp, 
Aldershot,  434. 

Wereham,  Chalk-marl  near,  5.^7. 

West  Dereham,  Gaidt  near,  547,  548, 
549. 

West  Bow,  Tottemhoe  Stone  nt, 
554. 

Whitaker,  Mr.  W.,  further  notes  on 
the  results  of  some  deep  Borings  in 
Kent,  197. 

White  Island,  New  Zealand,  179, 
183. 

Terrace  of  Botomahana,  165, 

Whittington,  Melbourn  Bock  at,  566 ; 
section  at,  566. 

Wilson,  Mr.  £.,  notes  on  the  Triassic 
beds  at  Colwick  Wood,  near  Notting- 
ham, 542. 

Winds  Point,  section  through,  488; 
felsite  in  the,  527. 

W^obum  Hill,  section  in  Hatch-Fann 
Clay.pit,  447,  448. 

Wobum  Hill,  section  through,  453. 

W^okingham-Sandhurst  Boad,  well- 
section  near  Uie,  382. 
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Wokingham,  section  through,  388.  tion  and  Affinities  of  the  Selachian 

Woll&ston  Donation  Fund,  award  of  genus  Ptuchodus,  Agaaaiz,  121. 

the,  to  Mr.  B.  N.  Peach,  Proc.  31.  Worcestershire      Bea«>n,      Malrem 
Gold  Medal,  award  of  the,  to  Bange,  rocks  from  the    494-496; 

Mr.  J.  W.  Hulke,  Proc.  30.  section    through    the,    488 ;     and 

WoUongon^  beds,  190,  191.  North  Hill,  section  through,  510. 

Wood,  silicified,  fragments  of,  in  the  Wych  Pass,  534 ;  section  tiimugh  the, 

Essex  Drifls.  360.  488 ;  fault  near  the,  484 ;  »m£  from 

Woodward,  Mr.  A.  8.,  on  the  Denti-  the,  505. 


£KD  OJ^  TOL.  ILUI. 


Priat«(l  bj  Tavlob  and  Frjlkcis,  Red  Lion  Court,  Fleet  Street. 
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PROCEEDINGS 


OF  THE 


GEOLOGICAL    SOCIETY    OF    LONDON. 


SESSION    1886-87. 


November  3, 1886. 
Prof.  J.  W.  JuBD,  F.B.S.,  Preeident,  in  the  Chair. 
The  list  of  DonationB  to  the  Library  was  read. 
The  following  communicatioiiB  were  read : — 

1.  '^  On  the  Skull  and  Dentition  of  a  Triassic  Saurian,  Ghlemwrus 
planice^s,  Ow."     By  Sir  Richard  Owen,  K.C.B.,  F.R.8.,  F.G.8.,  &c. 

2.  <'  The  Cetacea  of  the  Suffolk  Crag."  By  R.  Lydekker,  Esq., 
B.A.,  F.G.S.,  &e. 

3.  *'  On  a  Jaw  of  Hyotherimn  from  the  Pliocene  of  India."  By 
R.  Lydekker,  Esq.,  B.A.,  F.G.S.,  &c. 

The  following  specimens  were  exhibited : — 

Cast  of  OaUsaurm  planiceps^  Ow.,  exhibited  by  Dr.  H.  Wood- 
ward, F.R.S.,  F.G.8.,  in  illustration  of  Sir  R.  Owen's  paper. 

A  portion  of  head  of  Odlemwus  planicq>8,  Ow.,  from  Euisement- 
fontein,  Caledon-river  District,  Orange  Free  State.  Collected  by 
—  Hatting,  Esq.,  and  exhibited  by  Prof.  T.  Rupert  Jones,  F.R.S., 
F.G.S.,  on  behalf  of  C.  S.  Orpen,  Esq.,  Smithfield,  O.F.S. 

Specimens  of  Cetacean  Ear-bones  from  the  Suffolk  and  Antwerp 
Crags,  and  a  portion  of  the  Jaw  of  Hyoiherium  from  the  Pliocene  of 
India,  exhibited  by  R.  Lydekker,  Esq.,  B.A.,  F.G.S.,  in  illustration 
of  his  papers. 

Map  of  the  Mountain  Region  of  British  Honduras,  scale  4  milli- 
metres ssl  mile,  showing  &e  Geological  featiures  of  the  riparian 
districts,  by  C.  H.  Wilson,  Esq.,  F.G.8. 


YOL.  XLIII. 
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November  17>  1886. 

Prof.  J.  W.  JxTBD,  F.B.B.,  Fteddent,  in  the  Chair. 

nie  list  of  DonationB  to  the  Library  was  read. 

The  Secretary  announoed  that  the  following  type  specimens  had 
been  bequeathed  to  the  Society's  Musemn  by  the  late  Caleb  Evans, 
Esq.,  F.G.8.,  viz.  i-^PdUBOcoryttes  glabra^  H.  Woodw.  (Quart  Jonm. 
GeoL  8oc.  zxrii.  p.  90),  and  Liiaricola  glabra^  H.  Woodw.  (Quart 
Jonm.  Qeol,  Soc.  xzix.  p.  29),  from  the  Lower  Eocene  of  Porfas- 
month ;  also  two  specimens  of  elytra  of  Beetles  from  the  London 
Clay  of  Peckham. 

The  following  commnnications  were  read : — 

1.  A  letter  firom  the  Lieutenant-Oovemor  of  the  Falkland  Islands, 
commnnioated  by  H.M.  Secretary  of  State  for  the  Colonies : — 

**  GoTemment  Home^ 

Stanley,  Ealklaad  Idaadfl, 
did  Jane,  1886. 

**  Mt  Loud, — I  regret  to  have  to  report  that  a  slip  of  the  peat- 
bog at  the  back  of  the  town  of  Stanley,  similar  to  that  which 
occurred  in  November  1878  *,  but  about  two  hundred  yards  to  the 
westward  of  the  scene  of  that  accident,  took  place  last  night     A 
stream  of  half-liquid  peat,  over  a  hundred  yards  in  width,  and  4  or 
5  feet  deep,  flowed  suddenly  through  the  town  into  the  harbour, 
blocking  up  the  streets,  wrecking  one  or  two  houses  in  its  path,  and 
surrounding  others  so  as  completely  to  imprison  the  inhabitants. 
Fortunately,  as  the  night  was  wet  and  stormy,  almost  everyone  was 
within  doors,  and  the  few  who  were  in  the  wrecked  houses  escaped 
in  time.     One  child  was,  unfortunately,  smothered  in  the  peat,  whose 
body  has  been  recovered,  but  no  other  casualties  are  known  to  have 
occurred.    An  old  man  is,  however,  reported  to  be  missing  this 
morning,  and  it  is  feared  he  may  cdso  have  perished,  as  part  of 
his  house  is  almost  filled  with  peat.   ♦    ♦   ♦   ♦   The  sUp  was 
caused,  apparently,  by  the  unusually  heavy  rains  which  have  fallen 
during  tiie  last  few  days,  and  which  the  drains  constructed  by 
Mr.  Bailey,  the  Surveyor,  in  1878,  proved  insuffident  to  carry  off. 
Deeper  and  wider  cuttings  will  now  be  made,  and  I  trust  that  the 
recurrence  of  any  similar  catastrophe  may  thus  be  prevented.    The 
town  of  Stanley  is,  however,  from  its  situation  and  the  mass  of 
peat-bog  on  the  high  ground  behind  it,  always  to  some  extent  ex- 
posed to  danger  of  this  nature  in  times  of  unusually  heavy  rainfalL 

•*  I  have  &c., 

"  (Signed)         Abthub  Bibklt." 
«  The  Bight  Hon.  Earl  GhranviUe,  K.Q., 

*  See  Quart  Jouni.  Geol.  Soc.  toL  xxzv.  Proo.  p.  96. 
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2.  ''On  the  Drifts  of  ihe  Yale  of  dwjd,  and  their  relation  to  the 
Oaves  and  Cave-deposits.'*  By  Prof.  T.  If^Kenny  Hughes,  ILA., 
F.0.8, 

The  following  speoimens  were  exhibited : — 

Implements  and  specimens  from  Drift-deposits,  exhibited  by 
Prof.  T.  M'Kenny  Hughes,  M,A.,  F.G.S.,  in  illustration  of  his 
paper. 

Speeimens  of  Metamorphic  Eocks  from  the  Malvern  Hills,  exhi- 
bited by  Frank  Rutley,  Esq.,  F.G.S. 

Specimens  illustrating  Metamorphism  in  Lizard  Gabbros,  exhi- 
bited by  J.  J.  H.  Teal,  Esq.,  M.A.,  F.G.S. 


December  1, 1886. 

Prof.  J.  W.  JuDD,  F.B.S.,  President,  in  the  Chair. 

Henry  Howe  Amold-Bemrose,  Esq.,  M.A.,  Lonsdale  Place,  Derby ; 
Richard  Assheton,  Esq.,  B.A.,  Downham  Hall,  Clitheroe ;  Francis 
Arthur  Bather,  Esq.,  B.A.,  Eedhouse,  Roehampton,  8.W. ;  Rev. 
Joseph  Campbell,  li.A.,  Parsonage,  Glen  Innes,  New  England, 
N.  8.  Wales ;  John  Wesley  Carr,  Esq.,  B.A.,  University  College, 
Nottingham;  Thomas  J.  G.  Fleming,  Esq.,  Limavady,  co.  Derry, 
Ireland;  Thomas  Forster,  Esq.,  TJmaria  Colliery,  TJmaria,  India; 
Edmund  Johnstone  Garwood,  Esq.,  B.A.,  Villa  Giuseppina,  Caden- 
abbia,  Lago  di  Como,  Italy ;  George  Samuel  Griffiths,  Esq.,  22  Collins 
Street  West,  Melbourne ;  Dr.  Frederick  Henry  Hatch,  Ph.D.,  Aubry 
Lodge,  Wellesley  Road,  Gunnersbury,  W. ;  Robert  Tuthill  Litton, 
Esq.,  Market  Street,  Melbourne ;  Frederi(i  William  Martin,  Esq., 
37  Charlotte  Road,  Edgbaston,  Birmingham  ;  Richard  D.  Oldham, 
Esq.,  A.R.S.M.,  Geological  Survey  of  India,  Calcutta;  Forbes 
Rickard,  Esq.,  F.C.S.,  Ashcombe,  Carlton  Road,  Putney,  S.W. ; 
Albert  Charles  Seward,  Esq.,  B.A.,  St.  John's  College,  Cambridge ; 
Herbert  William  Yinter,  Esq.,  M.A.,  Wesleyan  College,  Truro, 
Cornwall ;  and  Charles  D.  Walcott,  £^q.,  U.S.  Geological  Survey, 
Washington,  D.C.,  U,S.  America,  were  elected  Fellows  of  the 
Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  Pbesibent  announced  that  he  had  received  from  Prof.  Ulrioh, 
of  Dunedin,  N.Z.,  the  announcement  of  a  very  interesting  discovery 
which  he  had  recently  made.  In  the  interior  of  the  South  Island 
of  New  Zealand  there  exists  a  range  of  mountains,  composed  of 
olivine-enstatite  rocks,  in  places  converted  into  serpentine.  The 
•and  of  the  rivers  flowing  from  these  rocks  contains  metallic  particles 
which,  on  analysis,  prove  to  be  an  alloy  of  nickel  and  iron  in  the 
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proportion  of  two  atoms  of  the  former  metal  to  one  of  the  latter. 
Siimlar  particles  have  also  been  detected  in  the  serpentines.  This 
alloy,  though  new  as  a  native  terrestrial  product,  is  identical  with 
the  substance  of  the  Octibeha  meteorite,  which  has  been  called 
octibehite.  Prof.  Ulrich  has  announced  his  intention  of  communi- 
cating to  the  Society  a  paper  dealing  with  the  details  of  this 
diBcovery — ^which  is  certainly  one  of  the  most  interesting  that 
has  been  made  since  the  recogoition  of  the  terrestrial  origin  of  the 
Orifak  irons. 

The  following  communications  were  read : — 

1.  "  On  a  new  Genus  of  Madreporaria — Olyphastrasa,  with  re- 
marks on  the  Morphology  of  Gflyphastrasa  Forbm,  Edw.  &  K.,  sp., 
fipom  the  Tertiaries  of  Maryland,  U.S."  By  Prot  P.  Martin 
Duncan,  M.B.,  F.E.S.,  F.G.S.,  &c. 

2.  "On  the  Metamorphic  Rocks  of  the  Malvern  Hills.— Part  1." 
By  Frank  Butley,  Esq.,  F.G.S.,  Lecturer  on  Mineralogy  in  the 
Boyal  School  of  Mines. 

3.  "  On  Fossil  Chilostomatous  Bryozoa  from  New  Zealand."  By 
Arthur  Wm.  Waters,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Specimens  of  Metamorphic  Bocks  from  the  Malvern  Hills,  ex- 
hibited by  Frank  Butley,  Esq.,  F.G.8.,  in  illustration  of  his  paper. 

Fossil  Corals,  exhibited  by  Prof.  P.  M.  Duncan,  M.B.,  F.R.S., 
F.G.S.,  in  illustration  of  his  paper. 

A  specimen  and  section  of  Great  Corndon  Laccolite  from  ^irop- 
shire,  showing  junction  of  the  erupted  rock  with  the  overlying 
Ladywell  Schist,  exhibited  by  C.  J.  AHord,  Esq.,  F.G.S. 


December  15, 1886. 

Prof.  J.  W.  JuDD,  F.R.S.,  President,  in  the  Chair. 

John  Usher,  Esq.,  Wentworth  Court,  Sydney,  New  South  Wales, 
and  Joseph  Tertius  Wood,  Esq.,  Shaw  House,  Rochdale,  were 
elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  conmiunications  were  read : — 

1.  "  Notes  on  Nummulites  degans,  Sow.,  and  other  English  Num- 
mulitcs."    By  Prof.  T.  Rupert  Jones,  F.R.S.,  F.G.8. 
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2.  *'  On  the  Dentition  and  Affinities  of  the  Selachian  Genns 
PtychoduSf  Agassiz."     By  A.  Smith  Woodward,  Esq.,  F.G.S. 

3.  "  On  a  Molar  of  a  Pliocene  type  of  Equus  from  Nnbia."  By 
E.  Lydekker,  Esq.,  B.A.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Specimens  of  Nnmmolites,  exhibited  by  Prof.  T.  Enpert  Jones, 
P.E.S.,  F.G.S.,  in  illustration  of  his  paper. 

Specimens,  exhibited  by  Henry  Willett,  Esq.,  F.G.S.,  and  Dr.  BE. 
Woodward,  F.E.S.,  F.G.S.,  in  illustration  of  the  paper  by  A.  Smith 
Woodward,  Esq.,  F.G.S. 

Two  molars  of  Equus^  exhibited  by  E.  Lydekker,  Esq.,  F.G.S.,  in 
illustration  of  his  paper. 


January  12, 1887. 

•  Prof.  J.  W.  JuDD,  F.E.S.,  President,  in  the  Chair. 

Frederick  Joseph  Forfeitt,  Esq.,  Medbum,  near  Elstree,  Hert- 
fordshire; James  Lemon,  Esq.,  M.Iu8t.C.E.,  Lansdowne  House, 
Southampton,  and  Palace  Chambers,  Westminster;  Charles  Samuel 
Eouth,  Esq.,  14  Southampton  Street,  Bloomsbury;  and  Thomas 
Davies  Whittington,  Esq.,  B.A.,  6  Norlands,  East  Dulwich  Eoad, 
S.E.,  were  elected  Fellows ;  Professor  Josiah  Dwight  Whitney,  of 
Cambridge,  Mass.,  U.S.A.,  a  Foreign  Member,  and  Professor  A.  de 
Lapparent,  of  Paris,  a  Foreign  Correspondent  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  Pbesident  announced  the  sad  loss  which  the  Society  had 
sustained  since  the  last  Meeting  by  the  death  of  Mr.  John  Arthur 
PhOlips,  F.E.S.,  who  had  been  for  several  years  a  valuable  member 
of  the  Council,  and  one  of  the  Vice-Presidents  of  the  Society. 

The  following  communications  were  read : — 

1.  "The  Ardtun  Leaf-beds."  By  J.  Starkie  Gardner,  Esq., 
F.G.S.,  F.L.8. ;  with  Notes  by  Grenville  A.  J.  Cole,  Esq.,  F.G.S. 

2.  '^On  the  Echinoidea  of  the  Cretaceous  Strata  of  the  Lower 
Narbadd  Eegion."    By  Prof.  P.  Martin  Duncan,  M.B.,  F.E.S.,  F.G.S. 

3.  *'  On  certain  Dinosaurian  YertebrsB  from  the  Cretaceous  of  India 
and  the  Isle  of  Wight."    By  E.  Lydekker,  Esq.,  B.A.,  F.G.S. 

4.  *'  Further  Notes  on  the  Eesults  of  some  deep  Borings  in  Kent." 
By  W.  Whitaker,  Esq.,  B.A.,  F.G.S. 
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The  following  speoimens  were  exhibited : — 

Plant-remains,  rock-specimens,  and  microscopic  sections,  exhibited 
by  J.  8.  Gardner,  Esq.,  F.G.S.,  in  illustration  of  his  paper. 

Echinoderms  from  the  three  Calcareous  deposits  of  the  Cretaceous 
formation,  Bdg  Series,  exhibited  by  Prof.  P.  M.  Duncan,  M.B., 
F.E.S.,  F.G.8.,  in  illustration  of  his  paper. 

Specimens  of  cores,  exhibited  by  W.  Whitaker,  E8q.,B.A..,  F.G.S., 
in  illustration  of  his  paper. 


January  26, 1887. 

Prof.  J.  W.  JuDD,  F.B.8.,  President,  in  the  Chair. 

Abraham  Farrar,  Esq.,  Jun.,  The  Orange,  Beech  Grove,  Harro- 
gate, and  Frederick  Schute,  Esq.,  3  West  Mount,  Scarborough,  were 
elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  libraiy  was  read. 

The  following  communications  were  read  : — 

1.  "  On  the  Correlation  of  the  Upper  Jurassic  Bocks  of  the  Jura 
with  those  of  England.'*    By  Thomas  Boberts,  Esq.,  M.A.,  F.G.S. 

2.  "  The  Physical  History  of  the  Bagshot  Beds  of  the  London 
Basin."    By  the  Kev.  A.  Irving,  B.Sc.,  B.A.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Specimens  from  the  Bagshot  Beds,  and  of  combination  analyses, 
exhibited  by  the  Bev.  A.  Irving,  B.Sc.,  F.G.S.,  in  illustration  of  his 
paper. 

Photographs  of  a  Glacial  Pot-hole,  at  Archibald,  Pa.,  U.S.A., 
exhibited  by  Archibald  Geikie,  LL.D.,  F.R.S.,  V.P.G.S. 


February  9, 1887. 

Prof.  J.  W.  JiTDD,  F.R.S.,  President,  in  the  Chair. 

Samuel  Famfield,  Esq.,  Eversley  House,  Guildford ;  Henry  Hill^ 
Esq.,  B. A.,  Napier,  New  Zealand ;  and  John  Morison,  M.D.,  Victoria 
Street,  St.  Albans,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 
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The  following  oommnnioatioxiB  were  read : — 

1.  ^*  Eyidenoe  of  Glacial  Action  in  the  Carboniferona  and  Hawkea- 
bury  Series,  New  South  Wales."  By  T.  W.  Edgworth  David,  Esq., 
F.G.8. 

2.  ''The  Terraces  of  Botomahana,  New  Zealand."  By  Josiah 
Martin,  Esq.,  E.G.S. 

3.  «'  The  Eruption  of  Mount  Tarawera."  By  Oapt.  F.  W.  Hntton, 
E.0& 

The  following  speoimenB  were  exhibited : — 

Specimens  of  gilaoially  polished  blooks,  from  the  Oarboniferous 
glacial  beds  of  New  South  Wales,  and  photographs  of  sections  in 
those  deposits,  exhibited  by  T.  W.  Edgworth  David,  Esq.,  F.G.S.,  in 
iUustration  of  his  paper. 

Faceted  and  striated  boulders  fix>m  the  Olive  Beds  (Pretertiary) 
of  tiie  Salt  Bange,  Punjab,  India,  exhibited  by  W.  T.  Blanford, 
ULD.,  F.R.S.,  Sec.G.S. 

Photographs  of  the  Terraces  of  Botomahana^  exhibited  by  Josiah 
Martin,  Esq.,  F.G.S.,  in  illustration  of  his  paper. 

Photographs  and  specimens  of  Yolcanio  materials  with  microscopic 
sections,  exhibited  by  Oapt.  F.  W.  Hutton,  F.G.S.,  in  illustration  of 
his  paper. 

Maps,  plans,  and  photographs  with  specimens  of  Volcanic  dust, 
&c.,  illustrating  the  eruption  of  Tarawera,  exhibited  by  James 
Hector,  O.M.G.,  M.D.,  F.B.S.,  F.G.S. 

Striated  stone  from  the  Upper  Old  Bed  Oonglomerate,  Pennine 
Escarpment  near  Melmerby,  Oumberland,  exhibited  by  J.  G.  Good- 
child,  Esq.,  F.G.S. 
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ANNUAL   GENERAL   MEETING, 

February  19,  1887. 
Prof.  J.  W.  JuDi),  r.E.S.,  President,  in  the  Chair. 

Ebpobt  of  the  Cottngil  fob  1886. 

In  presenting  their  Report  for  the  year  1886,  the  Conncil  of  the 
Geological  Society  hare  much  pleasure  in  once  more  congratulating 
the  Fellows  upon  the  prosperous  state  of  the  Society,  although  they 
have  not  to  announce  any  increase  in  the  total  number  of  Fellows. 
But  the  Income  of  the  Society  has  been  larger  and  the  Fxpenditure 
less  than  in  the  year  1885,  so  that  notwithiBtanding  the  Investment 
of  a  sum  of  £250,  the  Balance  in  the  Society's  favour  shows  a  oon- 
siderable  increase. 

The  number  of  Fellows  elected  during  the  year  is  41,  of  whom  30 
paid  their  fees  before  the  end  of  the  year,  making  with  16  previously 
elected  Fellows,  who  paid  their  fees  in  1886,  a  total  accession 
during  the  year  of  46  Fellows.  Against  this  we  have  to  set  the 
loss  by  death  of  28  Fellows,  and  by  resignation  of  10  Fellows,  whUe 
10  Fellows  were  removed  from  the  List  for  non-payment  of  their 
contributions,  making  a  total  loss  of  48  Fellows.  There  is  thus  an 
actual  decrease  of  2  in  the  number  of  Fellows  of  the  Society.  Of  the 
28  Fellows  deceased,  5  were  Compounders,  and  6  non>contributing 
Fellows  ;  the  number  of  contributing  Fellows  is  increased  by  2, 
being  now  833. 

The  total  number  of  Fellows,  Foreign  Members  and  Foreign 
Correspondents  was  1425  at  the  end  of  the  year  1885,  and  1423  at 
the  close  of  1886. 

At  the  end  of  1885  there  was  one  vacancy  in  the  List  of  Foreign 
Members,  and  this  was  filled  up  in  the  course  of  1886.  During  tibe 
year,  intelligence  was  received  of  the  decease  of  one  Foreign  Mem- 
ber. The  List  of  Foreign  Correspondents  also  showed  one  vacancy 
at  the  end  of  1885,  and  intelligence  was  received  in  1886  of  the 
decease  of  another  Foreign  Correspondent.  This  loss,  with  the 
filling  up  of  the  vacancy  among  the  Foreign  Members,  caused  in  all 
3  vacancies  in  the  Dst  of  Foreign  Correspondents,  two  of  which  were 
filled  up  within  the  year.  Thus  at  the  close  of  the  year  1886 
there  was  one  vacancy  in  the  list  of  Foreign  Members,  and  ooe  in 
that  of  Foreign  Correspondente. 
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The  total  Beoeipts  on  account  of  Income  for  the  year  1886 
were  £2669,  being  £117  Is.  4d.  more  than  the  estimated  Income 
for  the  year.  The  total  Expenditure,  on  the  other  hand,  was  only 
£2278  148.  Sd.,  or  £229  Is.  9d.  less  than  the  estimated  Expenditure 
for  the  year.  The  excess  of  the  Income  over  the  Expenditure  of 
the  year  was  £390  5«.  9d. 

A  sum  of  £250  12^.  6<2.  having  been  expended  in  the  purchase  of 
£250  reduced  3  per  cent,  stock,  the  balance  at  the  disposal  of  the 
Society  at  31st  December  last  amounted  to  £576  19s.  Id.  As  the 
Council  have  every  reason  to  believe  that  the  expenditure  of  the 
present  year  will  be  well  within  the  estimates,  they  think  it  may  be 
advisable  in  the  course  of  the  coming  summer  to  make  use  of  a  part 
of  the  above  balance  for  the  execution  of  necessary  repairs,  painting, 
<&c.,  of  the  interior  of  the  Society's  House. 

The  Council  have  to  announce  the  completion  of  Vol.  XLII.  of 
the  Society's  Quarterly  Journal,  and  the  commencement  of  Vol. 
XLHI. 

In  consequence  of  the  sudden  death  of  the  late  Clerk,  Mr.  W.  W. 
Leighton,  the  CoudclL  were  led  to  consider  the  organization  of  the 
paid  Offtcers  of  the  Society,  and  they  decided  formally  to  combine 
the  office  of  Clerk  with  tiiat  of  Assistant  Secretary,  giving  him  a 
second  Assistant,  whose  duties  should  be  primarily  those  of  a  Clerk 
in  the  Office,  but  with  the  proviso  that  he  should  assist  in  the  work 
of  the  Library  when  required  to  do  so.  After  a  careful  consideration 
of  the  testimonials  of  numerous  applicants,  the  Council  appointed 
Mr.  E.  E.  Brown  to  the  vacant  post,  and  the  appointment  was  duly 
confirmed  by  the  Society  at  the  Meeting  of  the  21st  of  April,  1886. 

The  Council  have  awarded  the  Wollaston  Medal  to  J.  Whitaker 
Hulke,  Esq.,  F.E.S.,  F.G.S.,  in  recognition  of  the  importance  to 
Geological  Science  of  his  researches  into  the  structure  and  affinities 
of  Fossil  Beptilia,  especially  of  the  Dinosauria. 

The  Murchison  Medal,  with  the  sum  of  Ten  Guineas  from  the 
Fund,  has  been  awarded  to  the  Bev.  P.  B.  Brodie,  M.A.,  F.G.S., 
as  a  mark  of  appreciation  of  his  long-continued  study  of  the 
Stratigraphy  of  Central  England,  and  of  his  important  contributions 
to  the  Science  of  Fossil  Entomology. 

The  Lyell  Medal,  with  the  sum  of  Twenty-five  Founds  from  the 
proceeds  of  the  Fund,  has  been  awarded  to  Samuel  Allport,  Esq., 
F.G.S.,  in  recognition  of  the  admirable  work  done  by  him  as  one  of 
the  pioneers  of  the  science  of  Microscopic  Petrology. 

The  Bigsby  Medal  has  been  awarded  to  Prof.  Charles  Lapworth, 
LL.D.,  F.G.S.,  as  a  testimony  to  the  value  of  his  palseontological 
and  stratigraphical  researches,  and  particularly  of  the  additions  made 
by  him  to  our  knowledge  of  the  structure  and  distribution  of  Grap- 
tolites,  and  of  his  investigation  of  the  Lower  Palseozoic  and  Archaean 
itocks  of  Scotland. 

The  balance  of  the  proceeds  of  the  Wollaston  Donation  Fund  has 
been  awarded  to  B.  N.  Peach,  Esq.,  F.G.S.,  in  token  of  appreciation 
of  his  important  contributions  to  the  Palaeontology  and  Geology  of 
Scotland,  and  to  aid  him  in  future  investigations. 
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The  balance  of  the  prooeeda  of  the  MaiehiaoiL  Geologieal  Fond 
has  been  awarded  to  Robert  Kidaton,  Eaq.,  F.G.8.,  in  recognition  of 
the  value  of  hia  atadiea  in  Fosail  Botany,  and  to  aid  him  in  farther 
prosecuting  his  researches  into  the  structure  and  afflnitiea  of  the 
plants  found  in  the  Carboniferous  Bocka. 

The  balance  of  the  proceeds  of  the  Lyell  Geological  Fund  has  been 
awarded  to  the  Eev.  Osmond  Fisher,  Esq.,  M.A.,  F.G.S.,  in  testimony 
of  appreciation  of  his  contributionB  to  the  Physical  History  of  the 
Earth,  and  to  various  branches  of  Physical  Geology,  and  to  aiaiat 
him  in  continuing  his  studies  of  these  and  similar  subjects. 
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Bepobt  op  thb  Libkabt  akd  MxTSBim  Comxities. 
lAhrary. 

Since  the  last  Anniversary  Meeting  a  great  nnmber  of  valuable 
additions  have  been  made  to  the  Library,  both  by  donation  and 
by  purchase. 

As  Donations  the  Library  has  received  about  157  volumes  of 
separately  published  works  and  Survey  Eeports,  and  about  321 
separate  impressions  of  Memoirs  and  other  Pamphlets,  besides  about 
15i3  volumes  and  78  detached  parts  of  the  publications  of  various 
Societies.  Besides  these  about  11  volumes  of  independent  Periodicals, 
presented  chiefly  by  their  respective  Editors,  and  11  volumes  of 
Newspapers  of  various  kinds  have  been  received.  This  will  con- 
stitute a  total  addition  to  the  Society's  Library,  by  donation,  of 
about  350  volumes  and  321  pamphlets. 

A  considerable  number  of  Maps,  Plans,  and  Charts  have  been 
added  to  the  Society's  collections  by  presentation,  chiefly,  as  in 
former  years,  from  l^e  Ordnance  Survey  of  Great  Britain,  whose 
donations  amount  to  457  sheets,  large  and  small.  From  the  French 
D^pdt  de  la  Marine,  39  sheets  have  been  received.  The  remainder, 
consisting  of  39  sheets,  includes  6  sheets  from  the  Oeological  Survey 
of  Saxony,  3  from  that  of  Belgium,  6  from  the  Roumanian  Geologiccd 
Survey,  and  2  fi-om  the  Geological  Survey  of  Norway,  besides  12 
sheets  of  Maps  and  Plans  of  Krakatau  presented  by  the  Netherlands 
Government,  a  Geological  Map  of  ZiUcLh  Behar,  presented  by  Prof. 
W.  T.  Thiselton  Dyer,  2  copies  (one  coloured,  one  in  black  and 
white)  of  a  geological  map  of  the  mountain  region  of  British  Honduras, 
prepared  and  presented  by  G.  H.  Wilson,  Esq.,  F.G.S.,  6  sheets  of  a 
geological  map  of  Bussian  Turkestan  by  M.  J.  Mouschketoff,  and  a 
geological  map  of  the  United  States  of  North  America,  by  C.  H. 
Hitchcock,  Esq. 

The  total  number  of  Maps,  Plans,  and  Charts  presented  during 
the  year  was  535. 

The  books  and  maps  above  referred  to  have  been  received  from 
158  personal  Donors,  the  Editors  or  Publishers  of  13  Periodicals,  and 
177  Societies,  Surveys,  and  other  PubUc  Bodies,  making  in  all  348 
Donors. 

By  Purchase,  on  the  recommendation  of  the  Standing  Library 
Committee,  the  Library  has  received  the  addition  of  49  volumes  of 
Books,  and  of  61  pui»  (making  about  20  volumes)  of  various 
Periodicals,  besides  33  parts  of  certain  works  publii^ed  serially. 
Of  the  Geological  Survey  Map  of  France,  7  sheets  have  been 
obtained  by  purchase,  besides  12  sheets  of  the  smaller  Geological 
Map  of  France  and  the  neighbouring  districts,  by  MM.  Yasseur  and 
Garez. 
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The  cost  of  Books,  Periodicals^  and  Maps  purchased  during  the 
year  1886  was  £44 178  lOd.,  and  of  Binding  £66  13^.  4d.,  maJdng  a 
total  of  £111  11«.  2d. 

With  the  view  of  rendering  the  Library  more  useM  to  the  Fellows, 
it  is  now  kept  open  on  the  days  of  the  Society's  Meetings  from  5  to 
8  o'clock  in  the  evening. 

Museum* 

The  Collections  in  the  Museum  remain  in  much  the  same  con- 
dition as  at  the  date  of  the  last  Report  of  the  Committee. 

The  additions  during  the  year  1886  have  not  been  numerous ; 
they  consist  of  a  collection  of  specimens  presented  by  M.  F.  Comet, 
illustrating  his  paper  on  the  Phosphatic  Beds  in  the  neighbourhood 
of  Mens ;  of  a  collection  of  rock-specimens  from  Assouan,  presented 
by  Sir  J.  W.  Dawson  and  Prof.  Bonney ;  and  of  2  elytra  of 
Beetles  from  London  day  of  Peckham,  a  specimen  of  Pdlaocorystes 

flabra,  and  one  of  Litoricola  glabra  from  the  Lower  Eocene  of 
Portsmouth,  bequeathed  to  the  Society  by  the  late  Caleb  £vans, 
Esq.,  F.G.8. 
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CoMPABAiiYB  Statement  of  the  Niticbeb  of  the  SociBTr  at  the 
CLOSE  OP  the  TBAB8  1885  Ajm  1886. 


Compounders 

Contribntiiig  Fellows. . . . 
Non-oontribnting  Fellowa 

Foreign  Members 

Foreign  Correspondents . . 


Deo  31, 1885.  Deo.  81, 1886. 

312         314 

831         833 

204         198 

1347  1346 

39         39 

39        39 

1426  1423 


OomparaUve  Statement  explanatory  of  the  Alterations  in  the  Number 
of  FeUows,  Foreign  Members^  and  Foreign  Corretpondente  at  the 
close  of  the  years  1886  and  1886. 


Number  of  Compounders,  Contributmg  and  Non- 
oontributing  Fellows,  December  31,  1886 

Add  Fellows  elected  during  former  year  and  paid 
in  1886    

Add  Fellows  elected  and  paid  in  1886 


Deduct  Compounders  deceased 6 

Contributing  Fellows  deceased 17 

Non-contributing  Fellows  deceased  ....  6 

Contributing  Fellows  resigned 10 

Contributing  Fellows  removed 10 


1347 

16 
30 

1393 


—   48 


Number  of  Foreign  Members,  and  Foreign  1        ^^ 

Correspondents,  December  31, 1886 J 

Deduct  Foreign  Member  deceased 1 

Foreign  Correspondent   deceased    . .     1 
Foreign     Correspondent     elected  1      ^ 

Foreign  Member      j 

—      3 

76 

Add  Foreign  Member  elected   1 

Foreign  Correspondents  elected    2 


1346 


—        78 
1423 
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Auldjo,  J.,  Esq. 
Oardwell,  Viscount. 
Morris,  Prof.  J. 


DaOXiJHD  FVLLOWS. 

Oarnpoundera  (5). 


Eomillj,  Hon.  £. 
Storey,  E.,  Esq. 


Bemdwit  and  other  Gontributiny  Felhum  (17). 


Blount,  W.,  Esq. 
Bunbury,  Sir  C.  J.  F. 
Busk,  Prof.  G. 
Cumming,  J.,  Esq. 
Dawson,  J.,  Esq. 
Bownes,  Rer.  W. 
Evans,  0.,  Esq. 
Enniskillen,  Earl  of. 
Feigusson,  Dr.  J. 


Grote,  A.,  Esq. 
Guthrie,  Prof.  F. 
HoU,  Dr.  H.  B. 
Milnes,  W.,  Esq. 
Seyton,  C.  S.,  Esq. 
Smith,  T.  M.,  Esq. 
Steele,  Dr.  J.  D. 
Whitehead,  F.  T.,  Esq. 


Adams,  W.,  Esq. 
Carey,  Sir  P. 
Ellis,  F.  J.,  Esq. 


Non-eonirihtiting  Fdlcws  (6). 


Harding,  Lieut.-GoL  W. 
Lanrance,  J.,  Esq. 
Richardson,  J.,  Esq. 


Foreign  Member  (1), 
Abich,  Dr.  H. 

Foreign  Correepondent  ( 1). 
Guisoardi,  Professor  G. 


Green,  W.  A.,  Esq, 
Hastings,  Rev!  F.' 
Johnson,  J.,  Esq. 
Kimball,  Dr.  J.  P. 
Musson,  E.  G.,  Esq. 


Fellows  Besigned  (10). 


Provis,  E.,  Esq. 
Ramsay,  A.,  Esq. 
Randell,  J.  S.,  Esq. 
Tarbotton,  M.  0.,  Esq. 
Thornbum,  J.,  Esq. 


Digitized  by  LjOOQ IC 


Dnigan,  J.,  Esq. 
Fisher,  H.,  Esq. 
Forster,  R.  C,  Esq, 
Mason,  J.  W.,  Esq. 
M^ohin,  Bey.  E. 


AJnrUAL  EK^Bt.  IS 

Fellows  Emwed  (10). 

Parton,  T.,  Esq. 
Eogers,  Dr.  G. 
Shakespear,  Lieat.-Col.  J.  D. 
Simpson-Baikie,  E.,  Esq. 
Woodhouse,  Eev.  T.  E. 


7^  following  Personage  was  decied  from  the  List  of  Foreign  Cor- 
respondents to  jm  a  vacancy  in  the  List  of  Foreign  Members 
during  the  year  1886* 

Professor  Gustav  Tschermak  of  Vieima* 


The  following  Personages  were  deeted  Foreign  Correspondents  during 
ihe  year  1886. 

Professor  J.  Viknoya-y-Piera  of  Madrid. 
Professor  H.  Rosenbusch  of  Heidelbexg. 


After  the  Reports  had  been  read,  it  was  resolved  :— 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting, 
and  that  such  parts  of  them  as  the  Conncil  shall  think  fit  be  printed 
and  distributed  among  the  Fellows. 

It  was  afterwards  resolved: — 

That  the  thanks  of  the  Society  be  given  to  Dr.  John  Evans 
retiring  from  the  office  of  Vice-President. 

That  the  thanks  of  the  Society  be  given  to  Dr.  John  Evans,  Dr. 
G.  J.  Hinde,  John  Hopkinson,  Esq.,  and  W.  Topley,  Esq.,  retiring 
from  the  Council. 

After  the  Balloting-glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 
year: — 
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OFFICERS. 

PRESIDENT. 
Prof.  J.  W.  Judd,  F.R.8. 

VICE-PSESIDENTS. 

H.  Banerman*  Esq. 
Prof.  T.  G.  Bonney,  D.Sc,  F.R.8. 
A.  Geikie,  LL.D.,  F.R.8. 
Henry  Woodward,  LLJ).,  F.R.8. 

8ECRETABIE8. 

W.  T.  Blanford,  LL.D.,  F.R.S. 

W.  H.  Hndleston,  Esq.,  M.A.,  F.B.S. 

FOREIGN  SECRETARY. 
Warington  W.  Smyth,  Esq.,  M.A.,  F.R.S. 

TREASURER. 
Prof.  T.  Wiltshire,  M  jl.,  F.L.S. 


COUNCIL. 


H.  Banerman,  Esq. 

W.  T.  Blanford,  LL.D.,  F.R.S. 

Prof.  T.  G.  Bonney,  D.Sc.,  LL.D., 

F.R.S. 
A.  Champemowne,  Esq.,  M.A. 
Thomas  Davies,  Esq. 
Prof.  P.  M.  Duncan,  M.B.,  F.R.S. 
A.  Geikie,  LL.D.,  F.R.S. 
Henry  Hicks,  M.D.,  F.R.S. 
Rev.  Edwin  Hill,  M.A. 
W.H.Hudleston,  Esq.,  M.A.,  F.R.S. 
Prof.  T.  McKenny  Hughes. 
J.  W.  Hulke,  Esq.,  F.R.S. 


Prof.  T.  Rupert  Jones,  F.R.S. 

Prof.  J.  W.  Judd,  F.R.8. 

R.  Lydekker,  Esq.,  B.A. 

J.  E.  Marr,  Esq.,  M.A. 

E.  TuUey  Newton,  Esq. 

Prof.  H.  G.  Seeley,  F.R.S. 

Warington  W.  Smyth,  Esq.,  H.A.y 

F.R.S. 
J.  J.  H.  Teall,  Esq.,  M.A. 
Prof.  T.  Wiltshire,  M.A.,  F.L.S. 
Rev.  H.  H.  Winwood,  MA. 
Henry  Woodward,  LL.D.,  F.R.S. 
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LIST  OF 

THE  FOREIGN  MEMBERS 
OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  iw  1886. 

Date  of 
Election. 

1827.  Dr.  H.  von  Dechen,  Bcmn. 

1848.  Jame«  Hall,  Esq.,  Jl/ftony,  State  of  New  Ywk. 

1850.  Professor  Bemhard  Studer,  Berne. 

1861.  Professor  James  D.  Dana,  New  Havem,  CQunectievt. 

1861.  General  G.  von  Helmersen,  St.  Petersburg.     (Deeeaeed.) 

1863.  Count  Alexander  von  Keyserling,  RaykiiU^  Russia. 

1863.  Professor  L.  G.  de  Koninck,  LiSge. 

1866.  Professor  Robert  Bunsen,  For.  Mem.  RS.,  Heiddberg. 

1867.  Professor  H.  B.  Geinitx,  Dresden. 
1869.  Dr.  Ferdinand  Romer,  Breslau. 

1860.  Dr.  H  Milne-Edwards,  Fop.  Mem.  RS.,  Paris,    (Deceased,) 

1864.  M.  Jules  Desnoyers,  Paris, 

1866.  Dr.  Josepli  Leidy,  Philadelphia, 

1867.  Professor  A.  Daubr^e,  For.  Mem.  RS.,  Port*. 
1871.  Dr.  Franz  Ritter  von  Hauer,  Vietma, 

1874.  Professor  Alphonse  Favre,  Geneva. 

1874.  Professor  E.  Hubert,  Paris, 

1874.  Professor  Albert  Gaudry,  Paris, 

1876.  Professor  Fridolin  Sandbei;g:ep,  Wiiraburg, 

1875.  Professor  Theodor  Kjerulf,  Christiania. 

1876.  Professor  F.  August  Quenstedt,  Tubingen. 

1876.  Professor  E.  Beyricb,  Berlin, 

1877.  Dr.  Carl  Wilhelm  Giimbel,  Munich. 
1877.  Dr.  Eduard  Suess,  Vienna, 

1879.  Dr.  F.  V.  Hayden,  Washington, 

1879.  Major-General  N.  von  Kokscbarow,  8t,  Petersburg, 

1879.  M.  Jules  Marcou,  Cambridgej  U,  8. 

1879.  Dr.  J.  J.  S.  Steenstrup,  For.  Mem.  R.S.,  Copenhagen, 

1880.  Professor  Gustavo  Dewalque,  LiSge, 
1880.  Baron  Adolf  Erik  Nordenskiold,  Stockholm, 
1880.  Professor  Ferdinand  Zirkel,  Leipdg, 
1882.  Professor  Sven  Lov6n,  Stockholm, 

1882.  Professor  Ludwig  Riitimeyer,  Basle, 

1883.  Professor  J.  S.  Newberry,  New  York, 

1883.  Professor  Otto  Martin  Torell,  Stockholm, 

1884.  Professor  G.  Capellini,  Bologna, 

1884.  Professor  A.  L.  0.  Des  Cloizeaux,  For.  Mem.  R.S.,  Paris. 

1884.  Profesftor  G.  Menegbini,  Pisa, 

1884.  Professor  J.  Szabo,  PMth, 

1885.  Professor  Jules  Gosselet,  Lille. 

1886.  Professor  Gustav  Tscbermak,  Vienna. 
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LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  vx  183(5. 

Data  of 
SleotioD. 

1863.  Count  A.  G.  Marschall,  Vienna. 

1883.  Professor  Giuseppe  Ponzi,  Mame.    (Deceaaed.) 

1863.  Dr.  F.  Senft,  Eisenach. 

1864.  Dr.  Charles  Martins,  MantpeUier. 
1866.  Professor  J.  P.  Lesley,  PAOafc/jpAta. 
1866.  Professor  Victor  Raulin,  Bordeaux. 
1866.  Baron  Achille  de  Zigno,  Padua. 
1872.  Herr  Dionys  Stur,  Vienna. 

1872.  Professor  J.  D.  Whitney,  Cambridge,  U.  S. 

1874.  Professor  Igino  Cocchi,  Flarence. 

1874.  M.  Gustaye  EL  Cotteau,  Auxerre. 

1874.  Professor  G.  Seguenza,  Meeeina. 

1874.  Dr.  T.  C.  Winkler,  jyoarfem. 

1877.  Professor  George  J.  Brush,  New  Haven, 

1877.  Professor  E.  Renevier,  Ltnuanne. 

1877.  Count  Gaston  de  Saporta,  Aix-en-Proifence. 

1870.  Professor  Pierro  J.  van  Beneden,  For.Mem.R.S.,  Louoam. 

1879.  M.  lidouard  Dupont,  Bnmth. 

1879.  Professor  Gerhard  Vom  Hath,  Bonn, 

1879.  Dr.  ^mile  Sauvage,  Paris. 

1880.  Professor  Luigi  Bellardi,  Turin. 
1880.  Professor  Leo  Lesqueroux,  CohinAus, 
1880.  Dr.  Melchior  Neumayr,  Vienna. 

1880.  M.  Alphonse  Renard,  Brussels. 

1881.  Professor  E.  D.  Cope,  Philadelphia. 

1882.  Professor  Louis  Lartet,  Toulouse. 

1882.  Professor  Alphonse  Milne-Edwards,  iWw. 

1883.  M.  Francois  Leopold  Comet,  Mons. 
1883.    Baron  Ferdinand  yon  Richthofen,  Leipzig. 

1883.  Professor  Earl  Alfred  Zittel,  Munich. 
1884    Dr.  Charles  Barrois,  LUle. 

1884    M.  Alphonse  Biiart,  Morlanwek. 
1884    Professor  Hermann  Credner,  Leipzig. 

1884.  Baron  C.  von  Ettingshausen,  Gratz. 

1884.  Dr.  E.  MojsisoTics  von  Mojsv&r,  Vietma. 

1885.  M.  F.  Fouqu^,  Paris. 

1885.  Professor  G.  Lindstrom,  Stockholm. 

1885.  Dr.  A.  G.  Nathorst,  Stockholm. 

1886.  Ptofessor  BT.  Rosenhusch,  Heidelberg. 
1886.  Professor  J.  Yilanoya  y  Pieray  3fadh<iL 
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AWARDS  OF  THE  WOLLASTON  MEDAL 

UNDER  THE  CONDITIONS  OF  THE  "  DONATION  FUND '^ 

X8TABLI8HBD  BT 

WILLIAM  HYDE  WOLLASTON.  M.D.,  RB.S.,  F.GJ3.,  Ac 

'  To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
indlTiduals  of  any  country  by  whom  such  researches  may  hereafter  be 
made/' — ''such  individual  not  being  a  Member  of  the  CounciL" 


1842. 
1843. 


1831.  Mr.  William  Smith. 

1835.  Dr.  G.  A.  Mantell. 

1836.  M.  Louis  Agassiz. 

1837  I  ^•P**  '^'  ^'  C*'*^^' 
'  ( Dr.  H.  Falconer. 

1838.  Sir  Richard  Owen. 

1839.  Professor  G.  G.  Ehrenberg. 

1840.  Professor  A.  H.  Dumont 

1841.  M.  Adolphe  T.  Brongniart 
Baron  L.  von  Buch. 

IM.  Elie  de  Beaumont 
M.  P.  A.  Dufr^noy. 

1844.  Rev.  W.  D.  Conybeare. 

1845.  Professor  John  Phillips. 

1846.  Mr.  William  Lonsdale. 

1847.  Dr.  AmiBou^. 

1848.  Rev.  Dr.  W.  Buckland. 

1849.  Professor  Joseph  Prestwich. 

1860.  Mr.  William  Hopkius. 

1861.  Rev.  Prof.  A.  Sedgwick. 

1862.  Dr.  W.  H.  Rtton. 
o    I M.  le  Vicomte  A.  d'Archiac. 

*  ( M.  E.  de  VemeuiL 
1864.  Sir  Richard  Griffith. 
1866.  Sir  H.  T.  De  la  Beche. 

1866.  Sir  W.  E.  Logan. 

1867.  M.  Joachim  Barrande. 
1868  i  ^®"  Hermann  von  Meyer. 

i  Mr.  James  HalL 
1869.  Mr.  Charles  Darwin. 


]k863. 


1860.  Mr.  Searles  V.  Wood. 

1861.  Professor  Dr.  R  G.  Bronn. 

1862.  Mr.R.A.C.Godwin*Austen« 

1863.  Professor  Gustav  Bischof. 

1864.  Sir  R.  L  Murchison. 

1865.  Dr.  Thomas  Davidson* 

1866.  Sir  Charles  Lyell. 

1867.  Mr.  G.  Poulett  Scrope. 

1868.  Professor  Carl  F.  Naumann 

1869.  Dr.  H.  C.  Sorby. 

1870.  Professor  G.  P.  Deshayes. 

1871.  Sir  A.  C.  Ramsay. 

1872.  Professor  J.  D.  Dana. 

1873.  Sir  P.  de  M.  Grey-Egerton. 

1874.  Professor  Oswald  Heer. 
1876.  Professor  L.  G.  de  Koninck. 

1876.  Professor  T.  H.  Huxley. 

1877.  Mr.  Robert  Mallet 

1878.  Dr.  Thomas  Wright 

1879.  Professor  Bemhard  Studer. 

1880.  Professor  Auguste  Daubr^. 

1881.  Professor  P.  Martin  Duncan. 

1882.  Dr.  Franz  Ritter  von  Hauer. 

1883.  Dr.  W.  T.  Blanford. 

1884.  Professor  Albert  Gaudiy. 
1886.  Mr.  George  Busk. 

1886.  Professor   A.    L.    0.   Des 

Cloizeaux. 

1887.  Mr.  J.  W.  Hulke. 
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PBOCEBDIVeS  OW  THB  GSOLOOICAX  SOaSTT. 


AWABDS 


07  THB 


BALANCE  OF  THE  PROCEEDS  OF  THE  WOLLASTON 
"  DONATION-FUND." 


1881.  Mr.  William  Smith. 

1883.  Mr.  William  Lonsdale. 

1884  M.  Louia  Agassis. 

1885.  Dr.  G.  A.  MantelL 

1836.  Professor  G.  P.  Deshajes. 

1888.  Sir  Richard  Owen. 

1^9.  Professor  C.  G.  Ehienberg. 

1840.  Mr.  J.  De  Carle  Sowerby. 

1841.  Professor  Edward  Forbes. 

1842.  Professor  John  Morris. 

1843.  Professor  John  Morris. 

1844.  Mr.  William  Lonsdale. 

1845.  Mr.  Geddes  Bain. 

1846.  Mr.  William  Lonsdale. 

1847.  M.  Alcide  d'Orbigny. 

.^^^  )  Cape-of-Good-Hope  Fossils, 
^^^'  )  M.  Alcide  d'Orbigny. 
1849.  Mr.  William  Lonsdale. 

1860.  Professor  John  Morris. 

1861.  M.  Joachim  Barrande. 

1862.  Professor  John  Morris. 
1868.  Professor  L.  G.  de  Eoninck. 
1854.  Dr.  8.  P.  Woodward. 

1865.  Drs.  G.  and  F.  Sandberger. 

1866.  Professor  G.  P.  Deshayes. 
1857.  Dr.  S.  P.  Woodward. 
1868.  Mr.  James  HaU. 

1859.  Mr.  Charles  Peach. 

iftrtn  J  ^ofessor  T.  Rupert  Jones. 

^^^'  ]  Mr.  W.K.  Parker. 


861.  Professor  A.  Daubr^. 

2.  Professor  Oswald  Heer. 
868.  Professor  Ferdinand  Senft. 

864.  Professor  G.  P.  Deshayes. 

865.  Mr.  J.  W.  Salter. 

866.  Dr.  Henry  Woodwaid. 

867.  Mr.  W.  H.  BaUy. 

868.  M.  J.  Bosqnet 

869.  Mr.  W.  Carrutheia. 

870.  M.  Marie  Renault. 

871.  Mr.  R.  Etheridge. 

872.  Dr.  James  CroU. 
[873.  Professor  J.  W.  Judd. 
874.  Dr.  Henri  Nyst. 

876.  Mr.  L.  C.  Miall. 

876.  Professor  Giuseppe  Seguenza. 

877.  Mr.  R.  Etheridge,  Jun. 
.878.  Professor  W.  J.  SoUas, 

879.  Mr.  S.  AUport 

880.  Mr.  Thomas  Davies. 

881.  Dr.  R.  H.  Traquwr. 

882.  Dr.  Q.  J.  Hinde. 

883.  Mr.  John  Milne. 

884.  Mr.  E.  Tulley  Newton. 
866.  Dr.  Charles  Callaway. 
880.  Mr.  J.  S.  Gardner. 
887.  Mr.  B.  N.  Peach. 
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AWARDS  OP  THE  MURCHISON  MEDAL 


AND  OF  THB 


PROCEEDS  OF  "THE  MURCHISON  GEOLOGICAL  FUND," 

ESTABLISHED  UNDER  THE  WILL  OF  THE  liATB 
SIB  BODEBIOE  IMFET  MUBCHISON,  Bart.,  F.B.S.,  F.G.S. 

''  To  be  applied  in  eveiy  consecutiye  year  in  such  manner  as  tlie  Council 
of  the  Society  may  deem  most  useful  in  advancing  geological  Bdence, 
whether  by  granting  sums  of  money  to  trayellers  in  pursuit  of  know- 
ledge, to  authors  of  memoirs,  or  to  persons  actually  employed  in  any 
inquiries  bearing  upon  the  science  of  geology,  or  in  rewarding  any 
such  travellers,  authors,  or  other  persons,  and  the  Medal  to  be  given 
to  some  person  to  whom  such  Council  shall  grant  any  sum  of  money 
or  recompense  in  respect  of  geological  science." 


1873.  Mr.  William  Davies.  Medal 
1878.  Professor  Oswald  Heer. 

1874.  Dr.  J.  J.  Bigsby.    Medak 
1874.  Mr.  Alfred  Bell. 

1874.  Professor  Ralph  Tate. 

1875.  Mr.  W.J.  Hen  wood.   Medal 

1876.  Professor  H.  G.  Seeley. 
1876.  Mr.A.R.C.Selwyn.  Medal. 

1876.  Dr.  James  Croll. 

1877.  Rev.  W.  B.  Clarke.    Medal, 

1877.  Professor  J.  F.  Blake. 

1878.  Dr.  H.  B.  Geinitz.    Medal. 

1878.  Professor  C.  Lapworth. 

1879.  Professor  F.  M*Coy.   Medal. 

1879.  Mr.J.W.Bjrkby. 

1880.  Mr.  R.  Etheridge.    Medal 


1881.  Profes«orA.Geikie.  Medal. 

1881.  Mr.  F.  Rutley. 

1882.  ProfessorJ.Gosselet  Medal 

1882.  Professor  T.  Rupert  Jones. 

1883.  Professor   H.    R.   Qoppert. 

Medal. 

1883.  Mr.  John  Young. 

1884.  Dr.  H.  Woodward.    Medal. 
1884.  Mr.  Martin  Simpson. 
1886.  Dr.     Ferdinand    Romer. 

Medal 
1886.  Mr.  Horace  B.  Woodward. 
1886.  Mr.  W.  Whitaker.     Medal. 

1886.  Mr.  Clement  Reid. 

1887.  Rev.  P.  B.  Brodie.    Medal. 
1887.  Mr.  Robert  Kidston. 


Digitized  by  LjOOQ IC 


22 


PBOOnDDTftS  OY  THB  eSOLOeiOAL  SOCIXTT. 


AWAEDS  OF  THE  LYELL  MEDAL 


aud  ofths 


PROCEEDS  OF  THE  "LYELL  GEOLOGICAL  FUND," 

ESTABLISHED  UNDER   THE   WILL  AND    CODICIL   OF   THE   LATE 
SIB  CHABLES  LYELL,  Bast.,  F.B.S.,  F.a.& 

The  Medal "  to  be  giyen  annuallj  "  (or  from  time  to  time)  ''  as  a  mark  of 
honorary  diatinction  aa  an  expression  on  the  part  of  the  goveming 
body  of  the  Society  that  the  MedalUat  has  deserved  well  of  the 
Science," — *^  not  less  than  one  third  of  the  annual  interest  [of  the 
fund]  to  accompany  the  Medal,  the  remaining  interest  to  be  given  in 
one  or  more  portions  at  the  discretion  of  the  Council  for  the  encou- 
ragement of  Geology  or  of  any  of  the  allied  sciences  by  which  they 
shall  consider  Geology  to  have  been  most  materially  advanced." 


1876.  Professor     John      Morris. 

Medal. 

1877.  Dr.  James  Hector.    Medal. 

1877.  Mr.  W.  PengeUy. 

1878.  Mr.  G.  Busk.    Medal. 

1878.  Dr.W.Waagen. 

1879.  Professor  Edmond  H^rt. 

Medal. 
1879.  Professor  H.  A.  l^cholson. 

1879.  Dr.  Henry  Woodward. 

1880.  Mr.  John  Evans.    Medal. 

1880.  Professor  F.  Quenstedt 

1881.  Sir  J.  W.  Dawson.    MedaL 
1881.  Dr.  Anton  Fritsch. 

1881.  Mr.  G.  R.  Vine. 


1882.  Dr.  J.  Lyoett.    MedaL 
1882.  Rev.  Norman  Glass. 

1882.  Professor  C.  Lapworth. 

1883.  Dr.  W.  B.  Caipenter.  Medal. 
1883.  Mr.  P.  H.  Carpenter. 

1883.  M.  E.  Rigaux. 

1884.  Dr.  Joseph  Leidy.    MedaL 

1884.  Professor  Charles  Lapworth. 

1885.  Professor    H.    G.    Seeley. 

Medal. 

1885.  Mr.  A.  J.  Jukes-Browne. 

1886.  Mr.  W.  PengeUy.    MedaL 

1886.  Mr.  D.  Mackintosh. 

1887.  Mr.  S.  Allport    MedaL 
1887.  Rev.  Osmond  Fisher. 
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AWARDS  OP  THE  BIGSBY  MEDAL, 


TOVKDBD  BY 


Be.  J.  J.  BIGSBY,  F.R.S.,  F.G.S. 

To  be  awarded  biennially  ''  as  an  acknowledgment  of  eminent  services 
in  any  department  of  Geology,  irrespective  of  the  receiver's  coimtry ; 
but  he  must  not  be  older  than  46  years  at  his  last  birthday,  thus 
probably  not  too  old  for  further  work,  and  not  too  young  to  have  done 
much." 


1877.  Professor  O.  0.  Marsh. 
1879.  Professor  E.  D.  Cope. 
1881.  Dr.  0.  Barrois. 


1883.  Dr.  Henry  Hicks. 

1885.  Professor  Alphonse  Renard. 

1887.  Professor  Charles  Lapworth. 


AWARDS  OP  THE  PROCEEDS  OF  THE  BARLOW- 
JAMESON  FUND, 


E8TABLI8HBD  UNDEB  THE  WILL  OF  THE  LATE 

Db.  H.  C.  barlow,  F.G.S. 

**  The  perpetual  interest  to  be  applied  every  two  or  three  years,  as  may 
be  approved  by  the  Council,  to  or  for  the  advancement  of  Geological 
Science." 


1880.  Purchase  of  microscope. 

1881.  Purchase  of  microscope  lamps. 

1882.  Baron  0.  von  Ettingshausen. 


1884.  Dr.  James  CroU. 

1884  Professor  Leo  Lesquereuz. 

1886.  Dr.  H.  J.  Johnston-Lavis. 
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24  PBOGEBDDreS  OW  THB  GIOLOeiCAL  BOdSTT. 

Estimates  for 

INCOME  EXPECTED.. 

£     $.    d,     £     9,   d. 

Due  for  Arrears  of  Annual  Contributions 140    0    0 

Due  for  Arrears  of  Admission-fees 60    0    0 

190    0    0 

Estimated  Ordinary  Income  for  1887 : — 

Annual  Contributions  from  Resident  Fellows,  and  Non* 

residents,  1860  to  1861 1490    0    0 

Admission-fees   189    0    0 

Compositions 168    0    0 

Annual  Contributions  in  advance    21    0    0 

Dividends  on  Consols  and  Reduced  3  per  Cents 237    0     0 

Sale  of  Transactions,  Library-catalogue,  Orme- 
rod*s  Index,  Hochstetter's  New  Zealand,  and 
listofFeUows 6    0    0 

Sale  of  Quarterly  Journal,  including  Longman's 
account   ...190    0    0 

Sale  of  Geological  Map,  including  Stanford's 
account  7    0    0 

202    0    0 


£2497    0    0 


THOMAS  WlLTsmKE,TaKAS. 
3  Feb.  1887. 
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POTAlTGIiLL  BBFOBT.  25 

the  Year  1887. 

EXPENDITUBB  ESTBIATED. 

£  $.  d.       £    8.    d. 

House  Expenditure : 

Taxes  and  luBuranoe    43  10    0 

Gaa 22  0    0 

Fuel 30  0    0 

Furniture  and  Bepairs 15  0    0 

Houae-repairs  and  Maintenance ^...  15  0    0 

Annual  Gleaning 20  0 

Waahing  and  Sundries.. 33  0    0 

Tea  at  Meetings ....^ 16  0    0 


194  10    0 


Salaries  and  Wages : 

Assistant  Secretary  350    0  0 

Assistants  in  Library,  Office,  and  Museum    ...  220    0  0 

House  Steward 105    0 

Housemaid    40    0  0 

Errand  Boy  46  16  0 

*  Charwoman  and  Oooasional  Assistance SO    0  0 

Attendants  at  Meetings   8    0  0 

Accountant   10  10  0 


Official  Expenditure : 

Stationery 26  0  0 

Miscellaneous  Printing    22  0  0 

Postages  and  other  Expenses 65  0  0 


810    6    0 


112    0    0 


Library 150    0    0 

Publications : 

Quarterly  Journal 950  0  0 

,  n         Commission,     Postage, 

and  Addressing 90  0  0 

List  of  Fellows  33  0  0 

Abstracts,  including  Postage     110  0  0 

1188    0    0 

Balance  in  faTour  of  the  Society    47    4    0 


£2407    0    0 


YOL.  XUU. 
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26  FBOCEXBISreS  OF  THE  OEOLOGTCiL  SOCIETT. 

Income  and  Expenditure  during  the 

BEOEIPTS. 

£     B.     d.     £     9.    d. 

Balance  in  Bankers' hands,  IJannary  1886.  423     1     6 

Balance  in  Clerk's  hands,  1  January  1886  .     14    4     4 

437    5  10 

Compositions ^10     0     0 

Arrears  of  Admission-fees 100  16     0 

Admission-fees,  1886    189     0     0 

289  16     0 

Arrears  of  Annnal  Contributions 145  16     0 

Annual  ContributionB  for  1886,  viz. : 

Besident  FeUowB 1508    6    6 

Kon-Besident  FeUows ...       15  15    0 

1524     1     6 

Annual  Contributions  in  advance 48     6     0 

Dividends  on  ConsoU     202  19     8 

„  Reduced  3  per  Cents 33  13     6 

236  13     2 

Taylor  &  Francin :  Advertisements  in  Journal,  Vol.  41 . .       4    4     6 
Publications : 

Sale  of  Journal,  Vols.  1-41    106    7    8 

Vol,  42* 82    6    9 

Sale  of  Library  Catalogue 2    10 

Sale  of  Geological  Map  15  18  11 

Sale  of  Ormerod'a  Index 2  18    8 

Sale  of  Hocbstelter's  New  Zealand   0  12    0 

Sale  of  List  of  Fellows  0    2    6 


-^209     6     6 

Journal  Subscriptions  in  Advance 0  16     4 

*J)ue  from  Messrs.  Longman,  in  addition  to  the 

abore,  on  Journal,  Vol.  41,  fto. 64  II  11 

Due  from  Stanford  on  account  of  Geological  Map        10    0 

65  11  11 


£3106     6  10 


We  have  compared  this  statement 
with  the  Books  and  Accounts  presented 
to  us,  and  find  theqi  to  agree. 

(Signed)    L.  FLETCHER,  \  A«diu>r, 

JOHN  HOPKINSON./^*^**"'*- 
4  Febnmry,  1887. 


Digitized  by  VjOOQIC 


pnrAirciAL  bepobt*  9y 

Year  ending  31  December,  1886. 

EXPENDITURE. 

House  Expenditure: .                              •  £   b,   d,         £   $,    d. 

Taxes 29    6    0 

Fire-insurance..., 14    6    0 

Gas , 27  16    9 

Fuel 28    4    6 

Furniture  and  lU^pairs -. 15  12  11 

House-repairs 29    9    5 

Annual  Cleaning  19  10    0 

Washing  and  Sundries 31    8    5 

Tea  at  Meetings.. 16    0    0 

210   11     0 

Salaries  and  Wages : 

Assistant  Secretary   '..350    0    0 

€lerk,  Representatives  of  late 18    0    0 

Assistants  in  Library,  Office,  and  Museum...  190    0    0 

House  Steward  105    0    0 

Housemaid     40    0    0 

Krrand  Boy   4'i    0    ('» 

Charwoman    2.'J     H     fi 

Attendants  at  Meetings 7  15    0 

Accountant's  Fee   10  10    0 

790   14     0 

Official  Expenditure : 

Stationery 22    9    4 

Miscellaneous  Printing 26    4    0 

Postages  and  other  Expenses  ..^. 101  15    5 

150     8     9 

Library Ill  11     2 

Publications : 

Geological  Map    14    9    2 

Journal,  Vobi.  l-r4l 12  12    9 

Vol.  42  755  14    1 

„  „     Commission, 

Postage,  and  Addressing .       89    6  10 

844  19  11 

List  of  Fellows.  „ 33  12    6 

Abstracts,  including  Postage 109  15    0 

1015     9     4 

Investment  of  ^250  Reduced  3  per  Cents. 

at  100^     250  12    6 

Balance  in  Bankers'  hands,  31  Dec.  1886.  .563  16  10 

Balance  in  Clerk's  hands,  31  Dec.  1886  . .   13    2     3 

576  19     1 


^3100     5  10 
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30  PBOOEEDTKQfil  07  THE  OBOLOOICAL  BOCIBTT. 

AWABD  OF  THE  WoLLASTON  MeDAL. 

In  preseotiog  the  Wollaston  Gold  Medal  to  Mr.  J.  W.  Hulxb, 
E.R.B.,  the  President  addressed  him  as  follows : — 

Mr.  HXTLKE,— 

It  is  a  very  pleasant  duty  which  I  am  called  upon  to  perform  in 
presenting  you  with  the  Wollaston  Medal,  as  a  recognition  of  your 
great  services  to  the  study  of  Vertebrate  Palseontology.  A  member 
of  that  honoured  profession  which  has  given  to  Geology — and  espe- 
cially to  the  biological  side  of  our  science — so  many  diligent  and 
accurate  students,  you  have  succeeded,  in  spite  of  the  labours  and 
anxieties  incident  to  a  very  active  career,  devoted  to  the  alleviation 
of  human  suffering  and  the  training  of  others  for  the  same  duties, 
in  finding  time  for  very  valuable  researches  among  those  wonderful 
forms  of  Eeptilian  life  which  characterize  the  Mesozoic  period. 
Tour  hardly-earned  vacations  have  been  spent  in  the  search  of  fossil 
bones  among  the  mud-flats  uf  Dorsetshire  and  the  sandy  cliffs  of 
the  Isle  of  Wight ;  and  in  this  way  you  have  acquired  an  excep- 
tional amount  of  knowledge  concerning  the  exact  geological  horizons 
and  the  mode  of  occurrence  of  the  fossils  you  have  so  admirably  de- 
scribed. As  by  successive  discoveries  you  have  been  able  to  add 
new  details  to  your  restoration  of  the  bony  framework  otiguancdon 
you  must  have  experienced  a  joy  akin  to  that  of  Creation  I  But 
though  you  are  best  known  to  the  world  by  these  osteological  re- 
searches, those  who,  like  myself,  have  had  the  happiness  of  being 
associated  with  you  in  the  work  of  this  Society,  have  discoyered  how 
wide  is  the  knowledge,  how  catholic  the  sympathy,  and  how  keen 
the  interest  with  whidi  you  follow  all  the  manifold  developments  of 
our  Science. 

Mr.  HxTLKE,  in  reply,  said : — 

Mr.  Peesident, — 

I  cannot  find  words  adequately  to  express  how  highly  I  value  the 
distinction  which  the  Council  has  this  day,  by  your  hands,  conferred 
upon  me.  The  pleasure  I  experience  in  receiving  it  is  in  no  small 
degree  increased  by  the  words  of  approbation  which  have  fallen 
from  your  own  lips.  The  Wollaston  Medal  is  so  truly  great  a 
prize,  and  the  work  I  have  done  to  merit  it  has  appeared  to  me  so 
little  in  comparison  with  that  accomplished  by  the  long  roll  of  illus- 
trious men  on  whom  in  past  time  it  has  been  bestowed,  that  I  have 
fancied  that  (as  occurred  to  Sir  Philip  Egerton  on  a  similar  occasion) 
in  awarding  it  to  myself  the  Council  may  also  have  desired  to  mark 
their  recognition  of  the  labours  of  those  who,  whilst  not  devoting 
the  chief  part  of  their  time  and  energy  to  the  culture  of  that  branch 
of  Natural  Science  for  the  advancement  of  which  our  Society  exists, 
yet  endeavour  in  their  leisure  hours  to  do  what  in  them  lies  to  add 
to  our  common  stock  of  knowledge.  To  you.  Sir,  to  the  Council, 
and  to  the  Fellows,  I  tender  my  warmest  thanks. 
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AWABD  OP  THE  W0LLA8TON  DoKATIOW  FVJXD, 

The  President  then  presented  the  Balance  of  the  Proceeds  of  the 
Wollaston  Donation  Fund  to  Mr.  Bbnjahin  N.  Peach,  P.G.8.,  and 
addressed  him  as  follows  : — 

3(j[r.  Peach,^ 

In  addition  to  yonr  services  to  science  as  an  officer  of  the  Geo- 
logical Survey  of  Scotland — and  how  important  those  services  have 
heen  every  geologist  in  recent  years  has  had  an  opportunity  of 
judging — you  have,  in  conjunction  with  your  colleague  and  friend, 
Mr,  Home,  devoted  your  holidays  to  arduous  labour  in  studying  the 
geology  of  the  Orkneys  and  Shetlands.  Both  the  glacial  and  the 
volcanic  phenomena  of  those  islands  have  been  admirably  elucidated 
by  your  joint  researches.  But  besides  yonr  work  in  the  field  you 
have  devoted  much  attention  to  palseontological  investigations  ;  and 
your  discoveries  concerning  the  nature  of  the  Carboniferous  Arach- 
nids and  their  allies  have  justly  excited  very  great  interest.  To 
aid  you  in  the  prosecution  of  such  studies  the  Proceeds  of  the  Wol- 
laston Donation  Fund  have  been  awarded  to  you,  and  I  feel  sure  that 
one  circumstance  in  connexion  with  this  Fund  will  make  the  award 
specially  welcome  to  you.  In  the  roll  of  names  of  those  who  have  in 
previous  years  received  this  distinction,  will  be  found  one,  honoured 
alike  by  you  and  by  us,  that  of  your  lamented  father,  Mr.  Charles 
Peach. 

Mr.  Peach,  in  reply,  said : — 
Mr.  President, — 

I  desire  to  express  my  cordial  thanks  for  the  honour  now  con- 
ferred upon  me.  The  pleasure  derived  from  the  pursuit  of  the 
researches  indicated  by  you  has  more  than  compensated  for  my 
labour.  It  is,  however,  an  additional  gratification  to  me  to  know 
that  my  investigations  have  been  deemed  worthy  of  recognition  by 
the  Council  of  this  Society. 


Award  of  the  Murchison  Medal. 

The  President  next  presented  the  Murchison  Medal  to  the  Eev. 
P.  B.  Brodib,  M.A.,  F.G.S.,  and  addressed  him  as  follows: — 

Mr.  Brodie, — 

Never  probably  has  an  award  of  this  Society  been  made  to  one 
who  can  look  back  upon  so  long  a  record  of  faithful  services  to 
Geology  as  yourself.  It  is  now  64  years  ago  since  you  became  a 
Member  of  thb  Society,  at  a  time  when  the  Founder  of  the  Medal 
which  has  now  been  awarded  to  you,  occupied  the  Presidential  Chair. 
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At  the  date  of  your  election  the  '  Principles  of  Geology '  had  bnt 
just  appeared,  while  Sedgwick  and  Murchison  had  not  eren  com- 
menced their  researches  among  the  PaliBozoic  rocks  of  Western 
Britain.  A  pupil  of  the  great  Cambridge  professor  and  infected 
with  his  enthusiasm,  you  soon  began  to  contribute  to  yarious 
scientific  journals,  our  own  among  the  number,  and  in  1845  your 
valuable  ^  History  of  Fossil  Insects ' — the  first  treatise  of  the  kind 
published  in  any  language^made  its  appearance.  A  dweller  in  the 
provinces,  you  have  shown  how  the  advancement  of  our  Science  may 
best  be  promoted  under  those  conditions ;  and  in  the  field-dube  and 
local  societies  which  have  done  so  much  for  the  study  of  geology  in 
the  West  of  England,  where  your  home  lay,  you  have  long  been  a 
prominent  and  very  active  worker.  Your  published  papers  on  a 
great  variety  of  subjects  amount  to  more  than  60,  and  only  last 
year  we  were  glad  to  welcome  a  fresh  contribution  from  your  pen, 
and  to  hear  your  clear  exposition  of  it,  as  you  stood  before  us  with 
eye  undimmed  and  with  natural  force  unabated.  The  Council  of 
this  Society  have  adjudged  you  to  be  a  worthy  reci^eut  of  the 
Medal  founded  by  iheir  President  of  1833. 


.  Mr.  Bbodie,  in  reply,  said : — 

'Mi.  Pbbsident, — 

I  receive,  Sir,  this  mark  of  the  approbation  of  the  Council  with 
very  great  pleasure  and  grateful  thanks ;  and  it  was  more  gratify- 
ing because  it  took  me  quite  hy  surprise.  After  searching  the  rocks 
for  more  than  half  a  century,  and  having  been  a  Fellow  of  this  Society 
for  53  years,  it  might  be  expected  that  I  should  have  done  more  to 
enlarge  our  knowledge  of  geology ;  but  of  course  my  time  was  not 
entirely  at  my  own  disposal  in  this  respect,  and  I  could  therefore 
only  study  Natural  Science  in  the  closet  and  the  field  during 
hours  of  leisure.  As  a  proof  that  I  have  not  been  altogether  idle, 
I  have  made  during  that  time  a  large  collection  of  fossils,  number- 
ing twenty-three  thousand  specimens,  named  and  arranged,  more  or 
less  illustrating  every  formation  in  the  British  Isles.  But  of  oonrse 
a  mere  collection  of  fossils,  though  having  a  certain  value,  is  of 
little  worth  without  an  accurate  knowledge  of  the  rocks  and  their 
organic  contents. 

The  award  of  the  Murchison  Medal  is  especially  agreeable  to 
me  because  I  have  had  many  pleasant  and  instructive  days  in 
the  field  with  that  distinguished  geologist;  but  I  do  not  foi^et 
that  at  Cambridge  I  was  a  pupU  of  the  illustrious  Sedgwick, 
to  whom  I  owe  a  lasting  debt  of  gratitude  for  the  kind  help  and 
encouragement  which  that  great  and  good  professor  was  ever  ready 
to  give  to  any  student  anxious  to  learn.  In  after  years,  I  can  with 
pardonable  pride  speak  of  him  as  my  friend.  When  I  made 
some  of  my  earlier  discoveries  of  fossil  insects  and  other  organisms 
in  the  Wealden  Purbecks  in  the  Yale  of  Wardour,  I  received  a 
letter  from  him  in  which  he  sud,  ^Vyou  have  made  a  good  hit,  go  on 


Digitized  by  LjOOQ IC 


ANNIVBRBAET  ILEEXIHa KUBCHISON  GEOLOGICAL  FUND.  ^^ 

and  prosper ;"  and  this  medal  shows  that  I  have  so  far  done  so.  It 
is  now  more  than  half  a  century  since  I  was  admitted  a  Fellow  of 
this  Society,  just  hefore  I  went  to  college,  and  I  know  that  some 
hesitation,  and  very  properly,  was  felt  whether  I  should  take  up 
geology  to  any  good  or  useful  purpose.  But  my  kind  proposer 
Mr.  Clift,  the  ahle  Curator  of  the  College  of  Surgeons,  to  whom  I 
was  well  known,  and  where  I  often  went  as  a  student,  would  not 
give  me  up ;  and  this  proof  of  the  Society's  favour  just  received  shows 
that  he  was  not  altogether  mistaken. 

In  my  younger  days,  when  I  resided  in  London,  I  was  a  regular 
attendant  at  the  meetingB  of  this  Society,  then  held  in  Somerset 
House,  where  I  was  a  humhle  but  (I  hope)  not  inattentive  listener 
to  the  papers  read  and  the  discussions  which  followed,  and  I  recall 
with  pleasure  the  many  intellectual  combats  between  the  geological 
giants  of  those  days.  I  regret  that  distance  from  London  and  the 
higher  duties  of  my  profession  prevent  my  attending  our  meetings 
so  often  as  I  could  wish ;  but  though  now  a  septuagenarian,  I  am 
thankful  to  say  that  I  can  still  hammer  the  rocks,  and  that  my  zeal 
and  love  for  the  noble  science  we  all  love  so  weU  has  not  abated  ; 
but  I  fear  I  shall  not  be  able  to  do  much  more  to  elucidate  their 
history,  though,  if  younger,  this  Medal  would  encourage  me  to  make 
still  farther  efforts ;  and  my  chief  regret  is  that,  for  reasons  stated,  I 
have  not  been  able  to  do  more  to  deserve  the  honour  which  the 
Society  has  kindly  conferred  upon  me.  I  can  only  hope  that  the 
Society  will  pardon  me  for  saying  so  much  about  myself. 


AWAKD  OP  THE  MfBCHISON  GeOLOOICAL  FuND. 

In  handing  the  Balance  of  the  Proceeds  of  the  Murchison  Geo- 
logical Fund  to  Dr.  Henry  Woodward,  F.R.S.,  for  transmission  to 
Mr.  EoBEBX  KiDsiON,  F.G.S.,  the  President  said: — 

Dr.  Woodward, — 

The  Balance  of  the  Murchison  Fund  has  been  awarded  by  the 
Council  of  the  Geological  Society  to  Mr.  Kidston,  to  aid  him  in  his 
important  investigations  among  the  fossil  plants  of  the  Paleozoic 
periods.  Mr.  Kidston's  great  knowledge  of  the  extensive  literature 
and  the  complicated  synonymy  of  these  forms  is  borne  witness  to 
by  the  valuable  catalogue  which  he  has  prepared  under  your  super- 
intendence, and  which  was  issued  only  a  few  months  ago  by  the 
Trustees  of  the  British  Museum ;  a  large  number  of  remarkable 
memoirs  have  also  shown  his  capacity  for  dealing  with  this  difficult 
and  intricate  subject.  In  seeking  to  extend  our  knowledge  of  the 
earliest  forms  of  plant-life,  Mr.  Eidston  seems  determined  to  leave 
no  museum  un visited  and  no  stone  unturned,  if  perchance  it  should 
be  found  to  exhibit  any  traces  of  an  ancient  vegetation.    I  will  ask 
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you  to  convey  to  Mr.  Kidston,  with  this  Award,  the  hope  of  the 
Council  that  it  may  be  of  some  assistance  to  him  in  enabling  him 
to  prosecute  his  researches. 

Dr.  WooDWAKD,  in  reply,  said : — 
Mr.  Fbbbibekt, — 

It  is  with  much  pleasure  that  I  am  permitted  to  act  as  Mr.  Kid- 
ston's  representative  here  this  day,  and  to  receive  for  him,  at  your 
hands,  the  award  of  the  Murchison  Donation  Fund.  I  am  sure 
Mr.  Kidston  would,  had  it  been  possible,  have  been  present  in  person 
to  receive  the  award.     He  writes  as  follows : — 

"  I  desire  to  express  my  thanks  to  the  President  and  Council  of 
the  Geological  Society  for  the  honour  they  have  conferred  upon  me 
in  acknowledging  my  labours  in  Fossil  Botany,  an  honour  which  I 
beg  to  assure  them  I  fully  appreciate ;  it  is  one  which  will  act  as  a 
stimulus  in  my  future  investigations  in  Vegetable  Palaeontology. 
My  aim  has  always  been  most  carefully  to  work  out  our  palaeozoic 
flora,  and  in  this  spirit  I  hope  to  continue  my  labours,  trusting  that 
the  results  may  be  of  use  to  others/' 


AWAKD  OP  THE  LtELL  MeDAL. 

The  President  then  handed  the  Lyell  Medal  to  Prof.  T.  G. 
BoKNEY,  D.Sc,  F.R.8.,  for  transmission  to  Mr.  Saxitel  Ailpobt, 
F.G.S.,  and  addressed  him  as  follows  : — 

Prof.  BoimEY, — 

It  is  to  me  an  especially  gratifying  circumstance  that  it  falls  to 
my  lot  to  deliver  into  your  hands  for  transmission  to  Mr.  Allpobt 
the  Lyell  Medal  for  the  present  year.  Mr.  Allport  commenced  the 
microscopical  study  of  rocks  at  a  time  when  the  workers  in  tiiat 
department  of  science  were  comparatively  few,  and  when  the  road 
he  had  to  travel  was  encumbered  with  difficulties  and  stumbling- 
blocks  which  have  now  been,  to  a  large  extent,  removed  by  the 
labours  of  many  earnest  and  patient  workers.  It  was  at  that  time 
my  good  fortune  to  know  him,  and  to  have  frequent  opportunitieB 
of  admiring  the  perseverance  and  energy  with  which  he  carried  on 
his  researches.  You  have  yourself  from  this  Chair  paid  a  warm 
and  well-merited  tribute  to  the  generosity  with  which,  at  that  time, 
he  was  always  ready  to  assist  his  fellow-workers.  The  establish- 
ment of  one  very  important  principle  will  always  be  associated  with 
Mr.  Allport's  labours,  namely,  that  the  apparent  differences  between 
the  igneous  rocks  of  widely  different  geological  periods  are,  to  a 
great  extent,  due  to  the  changes  which  the  constituent  minerals  of 
the  older  rock-masses  have  undergone  since  their  original  formation. 
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His  classic  papers  on  the  Archaean  rhyolites  of  Shropshire  and  the 
CarhoniferoiiR  dolerites  of  various  parts  of  this  country  furnish  the 
clearest  evidence  of  the  truth  of  this  principle,  and  in  several 
thoughtful  and  logical  essays  he  has  very  ably  enforced  it.  On  a 
great  variety  of  other  questions  connected  with  Petrology  his  re- 
searches have  added  largely  to  our  knowledge  ;  and  the  fine  collec 
tionof  rock-flections  now  in  the  I^ational  Museum,  which  were  made 
by  his  own  hands,  bear  striking  testimony  to  his  industry  and  skill. 

Prof.  Bonnet,  in  reply,  expressed  his  regret  that  Mr.  Allport  was 
unable  to  be  present  to  receive  this  Medal  from  the  hands  of  the 
President,  but  said  that  he  found  some  consolation  in  the  fact  that  he 
had  thus  an  opportunity  of  most  heartily  endorsing  what  had  been 
said  by  the  President  as  to  the  great  value  of  Mr.  AUport's  own 
work,  and  of  the  kind  assistance  which  he  was  always  so  ready  to 
afford  to  his  fellow-labourers  in  the  field  of  Petrology.  Prof.  Bonney 
added  that  he  should  best  thank  the  Society  by  reading  to  them  a 
letter  received  from  Mr.  Allport,  in  which  that  gentleman  wrote  as 
follows : — 

^'  I  much  regret  to  inform  you  that  I  shall  be  unable  to  attend 
the  Anniversary  Meeting  of  the  Geological  Society  in  consequence 
of  the  very  unsatisfactory  state  of  my  health.  I  venture,  therefore, 
to  request  that  you  will  kindly  express  to  the  Council  my  very 
gratei^l  sense  of  the  honour  they  have  conferred  upon  me  by  the 
award  of  the  Lyell  Medal. 

'^  It  is,  I  assure  you,  most  gratifying  to  me  that  the  name  of  Sir 
Charles  Lyell  should  be  associated  with  this  award ;  for  I  have  not 
only  ever  regarded  his  character  and  scientific  method  with  the 
greatest  admiration,  but  it  is  undoubtedly  to  the  study  of  his  works 
that  I  am  chiefly  indebted  for  what  little  knowledge  I  possess  of 
the  principles  of  geological  science." 


AWABD  OF  THE  LtBLL  GEOLOGICAL  PuVD. 

The  Prebidbnt  next  presented  the  Balance  of  the  Proceeds  of  the 
Lyell  Geological  Fund  to  the  Rev.  0^  Fisher,  M.A.,P.G.S.,  andsaid: — 

Mr.  FisHEB, — 

The  Council  of  the  Geological  Society  has  awarded  to  you  the 
balance  of  the  Lyell  Fund,  in  recognition  of  your  great  and  long- 
continued  services  to  our  science.  Nearly  forty  years  ago  you  com- 
menced your  well-known  stratigraphical  investigations  among  the 
Newer  Jurassics  of  Dorsetshire  and  the  Older  Tertiaries  of  the  Isle 
of  Wight,  your  attention  being  subsequently  directed  to  the  Pliocene 
and  Post-Tertiary  beds  of  East  Anglia.  At  a  very  early  period  in 
your  career  a  predilection  for  the  great  problems  of  Physical  Geo- 
logy began  to  manifest  itself;  and  for  dealing  with  such  problems 
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your  mathematical  training  gave  yon  obvious  advantages.  In  these 
researches,  however,  which  have  been  recorded  in  a  number  of  sepa- 
rate memoirs,  worthily  crowned  by  the  publication  six  years  ago  of 
your  '  Physics  of  the  Earth's  Crust,'  you  have  always  maintained  a 
just  estimate  of  the  proper  sphere  and  necessary  limitations  of  the 
mathematical  method  of  treatment  as  applied  to  such  problems. 
Speaking  of  the  processes  you  have  chosen  to  employ,  you  truly 
remark  in  the  preface  to  your  well-known  work,  **  When  it  is  re- 
collected that,  for  the  most  part,  we  can  assign  only  very  hypothe- 
tical values  to  our  symbols,  it  would  be  affectation  to  seek  dose 
results,  which  would,  after  all,  have  no  greater  value  tiian  those 
which  claim  to  be  only  distant  approximations/'  In  you  we  rejoice 
to  see  that  the  geologist  has  not  been  altogether  lost  in  the  mathe- 
matician, and  that  you  have  always  kept  in  mind  in  your  researches 
the  weakness  no  less  than  the  strength  of  the  mathematical  method. 

Mr.  FisflEB,  in  reply,  said : — 
Mr.  Fbesedeht^ — 

It  is  no  small  gratification  to  me  that  the  Society,  through  its 
Council,  has  expressed  approbation  of  what  I  have  done  in  the 
favourite  study  of  a  long  life.  I  commenced  geologizing  almost 
before  I  can  remember,  when  my  undo,  the  Eev.  George  Cookson, 
taught  me  to  collect  fossils  in  the  difis  of  my  native  village  of 
Osmington.  My  work  in  the  field  is  now  finished,  and  I  geologize 
in  my  arm-chair  out  of  my  inner  consdousness,  but  still,  I  hope,  to 
some  purpose.  It  appears  to  be  rather  these  later  attempts  to  un- 
ravel some  of  the  physical  riddles  of  our  sdenoe  (although  my 
earlier  observations  in  the  fidd  have  not  been  fo^;otten)  which  have 
been  thus  handsomdy  recognized  ;  and,  indeed,  for  my  own  part 
I  think  what  i  have  done  in  applying  mathematical  methods  to 
these  geological  problems  has  been  my  most  useful  labour.  Never- 
theless I  feel  assured  that  my  earlier  work  in  the  field  has  been  of 
much  service  to  me ;  for  no  one  can  pretend  to  grapple  usefdlly  with 
the  great  problems  of  geology  who  has  not  personally  studied  the 
actual  phenomena.  It  is  in  this  respect  that  the  greatest  physicists 
of  the  day  fail  to  ^ve  us  the  decided  assistance  which  they  might  do 
had  they  a  more  accurate  knowledge  of  the  questions  to  be  solved. 

We  pass  on  the  torch  from  hand  to  hand.  Some  of  the  ideas 
which  I  have  tried  to  work  out  were  suggested  by  conversations 
with  honoured  friends  long  gone  to  their  rest — Sedgwidc,  Hopkins, 
Miller,  Phillips,  and  others.  May  I  hope  that  when  some  one  now 
young,  in  this  assembly,  receives  a  similar  recognition  of  a  similar 
life's  work,  he  may  think  of  me  as  an  intermediate  link  connecting 
him  with  those  earlier  workers  ? — a  link  which,  whatever  may  be  its 
intrinsic  defects,  and  however  inferior  the  metal,  you  have  seen  fit 
to  gUd  with  the  Balance  out  of  the  munificent  legacy  of  the  great 
Lydl. 
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Award  of  thb  Bigsbt  Medai.. 

In  presenting  the  Bigsby  Gold  Medal  to  Prof.  Ghables  Lapwobth, 
LL.D.,  F.G.S.,  the  Pbbsedent  said : — 

Professor  Lapwobth, — 

The  late  Dr.  Bigsby  established  a  Medal  to  be  awarded  to  one 
"not  too  old  for  further  work,  and  not  too  young  to  have  done 
much."  That  you  admirably  comply  with  the  latter  qualification 
every  geologLst  knows ;  but  that  your  age  could  possibly  fall  below 
the  limit  prescribed  by  the  founder  of  this  Medal,  anyone  not  per- 
sonally acquainted  with  you  might  be  pardoned  for  doubting.  In 
studying  the  difficult,  but,  to  geolc^ists,  very  important  group  of  the 
Graptolites,  in  utilizing  your  knowledge  of  those  remarkable  fossils 
for  unravelling  the  stratigraphical  problems  presented  by  the  con- 
torted beds  of  the  Scottish  Borderland,  and  in  applying  the  valuable 
experience  thus  acquired  to  the  far  more  difficult  examples  of  involved 
stratigraphy  found  in  the  county  of  Sutherland,  you  have  exhibited 
a  happy  blending  of  those  powers  of  patient  observation  and  of  bold 
generalization  which  are  equally  necessary  for  the  man  of  science. 
Those  who  know  you  best  will  feel  the  least  doubt  concerning  those 
"  favours  to  come  '*  in  the  shape  of  further  work,  the  "  lively  sense  " 
of  which  constitutes  the  staple  of  our  gratitude  to  you  to-day. 

Prof.  Lapwobth,  in  reply,  said : — 

Mr.  Pbesident, — 

I  am  deeply  sensible  of  the  distinction  which  the  Council  of  the 
Geological  Society  have  conferred  upon  me  in  awarding  me  the  Bigsby 
Medal ;  and  I  am  gratefid,  indeed,  for  the  generous  words  in  which 
you  have  referred  to  my  geological  work.  If  anything  could  add  to 
the  gratification  with  which  I  accept  this  award,  it  is  that  I  receive 
it  from  the  hands  of  one  who,  since  the  reading  of  my  first  paper 
before  this  Society,  has  been  a  staunch  friend  and  a  sympathetic 
adviser.  I  am  afraid  that  the  Members  of  this  Society  are  a  little 
inclined  to  rate  my  geological  labours  somewhat  higher  than  they 
deserve,  and  I  regard  this  Medal  less  as  a  reward  for  what  I  have 
done  in  the  past  than  as  a  stimulus  and  encouragement  for  the 
future.  The  pursuit  of  original  research  has  always  appeared 
to  me  to  be  the  highest  and  most  pleasurable  of  enjoyments — 
and  none  the  less  pleasurable,  as  it  has  for  years  been  associated  in 
my  mind  with  the  unfailing  interest,  sympathy,  and  friendship 
accorded  me  by  the  Members  of  this  Society.  My  leisure  and  means 
for  work  of  this  kind  are,  however,  but  small ;  but  I  am  confident 
that  there  is  no  need  for  me  to  assure  the  Society  that  such  leisure 
and  powers  as  I  possess  will  in  the  future  be  given  to  the  service 
of  that  science  to  which  we  are  all  devoted. 
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THE  ANNIVEESAEY  ADDRESS  OE  THE  PEESIDENT, 
Professor  J.  W.  Jttdd,  F.R.8. 

My  next  duty  is  the  sad  one  of  glancing  over  onr  muster-roll, 
and  taking  note  of  the  gaps  left  in  our  ranks  by  those  who,  since 
our  last  Anniversary,  have  fallen  before  the  hand  of  death. 

In  the  Eight  Honourable  Williak  Willoughbt  Colb,  third  £abl 
of  EKNiSKiLLE2r,  we  have  lost  a  link  with  the  past.  He  was  elected  * 
a  Fellow  of  this  Society  so  far  back  as  the  year  1828,  and  at  the 
time  of  his  death  was  with  one  exception  our  oldest  Fellow — that 
exception  being  the  truly  Venerable  Archdeacon  Philpot,  who  was 
elected  in  1821,  and  who  still  survives  as  the  '  father  of  the  Society.' 
Lord  Cole,  as  he  was  called  before  the  death  of  his  father  in  1840, 
was  bom  in  1807,  and  was  educated  at  Harrow,  and  at  Christchurch, 
Oxford.  At  the  University  he  came  under  the  influence  and  teach- 
ing of  Buckland  and  Conybeare,  and  formed  a  friendship,  which 
became  a  life-long  one,  with  the  late  Sir  Philip  Egerton.  The  two 
friends  detehnined  to  devote  their  attention  to  the  collection  and 
study  of  fossil  fishes,  and  with  this  end  in  view  they  travelled  to- 
gether to  Solenhofen,  Qjlningen,  Monte  Bolca,  and  other  places, 
where  the  traces  of  ancient  ichthyic  life  might  be  sought  for.  Among 
the  stores  of  specimens  thus  patiently  collected  during  many  years, 
both  at  home  and  abroad,  Agassiz  found  ready  to  his  hand  the 
materials  for  his  famous  monographs.  The  Cole  and  Egerton  Col- 
lections, now  appropriately  united,  occupy  one  of  the  galleries  of 
our  National  Museum,  forming  the  most  suitable  and  enduring 
monument  of  the  two  friends,  who  were  indeed  ^'  lovely  and  pleasant 
in  their  lives." 

Lord  Enniskillen  served  upon  the  Council  of  this  Society  on  many 
occasions  between  the  years  1 832  and  1867.  Of  a  singularly  modest 
disposition,  he  did  not  contribute  largely  to  the  literature  of  science, 
his  only  published  memoir  being  a  catalogue  of  the  Agassizian  types, 
no  less  than  154  in  number,  which  existed  in  his  collection ;  this 
memoir  concludes  with  a  characteristic  invitation  to  ichthyologists  to 
come  to  Florence  Court  to  study  his  collections. 

In  spite  of  his  sad  infirmity,  a  constantly  increasing  weakness  of 
vision,  he  found  pleasure  to  the  last  in  the  pursuit  of  his  &vourite 
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studies,  passing  away  on  the  2l8t  November,  1886,  in  the  81st  year 
of  his  age.  Until  disabled  by  age  and  blindness,  his  tall  form  and 
cheerful  voice  were  among  the  most  familiar  to  those  who  frequented 
the  Society's  apartments  ;  and  amid  the  older  Pellows  of  this 
Society,  a  large  circle  of  friends  look  back  with  sadness  when  they 
remember  tl^  hearty  joviality,  the  warm  friendship,  and  the  un- 
bounded hospitality  which  distinguished  this  "  fine  old  English 
gentleman." 

Sir  CsABLBs  James  Fox  Bunbury,  Bart.,  was  the  son  of  Sir  Henry 
Bunbury  (one  of  the  earliest  members  of  our  Society,  who  contri- 
buted a  paper  to  the  *  Transactions  '  in  1822)  by  his  first  wife,  who 
was  a  niece  of  Charles  James  Pox.  Charles  Bunbury,  who  was 
born  at  Messina  in  1809,  appears  to  have  early  imbibed  a  taste  for 
botanical  studies,  and  after  leaving  Trinity  College,  Cambridge,  he 
at  the  end  of  1837  accompanied  his  friend  Sir  George  Napier  to  the 
Cape  of  Good  Hope,  making  during  his  year's  residence  in  that 
«olony  a  number  of  excursions  into  the  interior  in  search  of  rare 
plants.  The  results  of  these  researches  were  published  by  Sir 
William  Hooker,  in  the  *  London  Journal  of  Botany ;'  and  in  1848 
there  appeared  the  '  Journal  of  a  Eesidence  at  the  Cape  of  Good 
Hope '  by  Mr.  Bunbury,  with  an  Appendix  by  his  friend  Sir  John 
HerscheL  After  his  return  to  England,  Mr.  Bunbury  married, 
in  1844,  Frances,  the  second  daughter  of  3£r.  Leonard  Homer,  and 
the  sister  of  Lady  Lyell.  He  still  continued  to  devote  much  time 
to  botanical  pursuits,  and  took  up  very  eagerly  the  study  of  fossil 
plants.  At  one  time  he  appears  to  have  contemplated  either  the 
brining  out  of  a  new  edition  of  lindley  and  Hutton's  well-known 
treatise,  or  the  preparation  of  a  fresh  work  on  something  like  the 
same  lines.  Although  this  design  was  never  carried  out,  a  num- 
ber of  valuable  papers  on  fossil  plants,  contributed  by  Mr.  Bunbuiy 
to  our  own  and  other  Journals,  serve  to  show  what  qualifications  he 
possessed  for  such  a  task.  As  the  describer  of  plants  collected  by 
Lyell  during  his  two  visits  to  the  United  States,  and  as  the  constant 
adviser  of  the  author  of  *  The  Principles  of  Geology '  upon  botanical 
questions,  Sir  Charles  Bunbury  will  perhaps  be  best  remembered  by 
geologists  in  the  future.  He  accompanied  Lyell  to  Madeira  in  1853 
and  studied  the  botany  of  the  island  while  his  friend  was  occupied 
with  the  geology.  He  at  one  time  took  an  active  part  in  the 
management  of  the  affairs  of  this  Society,  of  which  he  was  elected  a 
Fellow  in  1837;  between  1846  and  1862  he  frequently  occupied  a 
Beat  at  the  Council  table,  and  from  1847  to  1853  was  our  Foreign 
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Secretary.     Sir  Charles  Banbury  will  always  be  recognized  as  one  of 
the  ablest  pioneers  in  the  study  of  fossil  plants. 

Mr.  George  Bttsk  was  bom  in  the  year  1807.  Destined  by  his 
father,  who  resided  in  St.  Petersburg,  for  the  medical  profession,  he 
early  showed  signs  of  those  scientific  tastes  by  which  his  after 
life  was  distinguished.  On  the  completion  of  his  medical  education 
he  was  appointed  surgeon  to  the  Seamen's  Hospital-ship  '  Dread- 
nought/ and  after  25  years  of  useful  labour  he  retired  from  that 
post  with  the  object  of  devotiug  himself  entirely  to  scientific  pursuits. 
One  of  the  first-fruits  of  the  leisure  thus  secured  was  seen  in  his 
*  Catalogue  of  Folyzoa  in  the  British  Museum,'  which  appeared  in 
1852-54,  and  his  splendid  monograph  on  the  fossil  Polyzoa  of  theCra^, 
published  by  the  Palffiontographical  Society  in  1859.  This  work  had 
been  originally  undertaken  by  Jules  Haime,  and  the  materials  for  it 
were  found  in  the  rich  collections  of  Searles  Wood  and  Bowerbank. 
In  this  work  Mr.  Busk  showed  the  value  of  an  exact  and  extensive 
knowledge  of  recent  forms  to  a  paleeontologist  in  explaining  the 
fossil  representatives  of  any  group,  for  on  all  questions  connected  with 
the  anatomy  and  physiology  of  the  lowest  division  of  the  moUuscan 
series  Mr.  Busk  was  recognized  by  biologists  as  the  highest  authority. 

In  1863,  accompanied  by  several  other  English  geologista,  Mr. 
Busk  attended  the  Conference  called  together  to  discuss  the  question 
of  the  age  and  authenticity  of  the  human  jaw  found  at  Moulin 
Quignon,  and  in  this  way  his  attention  appears  to  have  been  directed 
to  a  very  important  class  of  geological  problems.  In  the  foUowing^ 
year  he  proceeded  to  Gibraltar  with  Dr.  Ealconer,  for  the  purpose 
of  investigating  the  fauna  preserved  in  the  bone-caves  of  that 
place. 

From  this  time  we  find  Mr.  Busk  devoting  much  of  his  time  and 
attention  to  the  study  of  the  post-Tertiary  Mammalia  derived  from 
bone-caves  and  similar  situations.  His  papers  on  the  relations  of  the 
extinct  Bears  to  recent  species  are  well  known,  and  he  also  wrote 
papers  on  Elephas,  Hycena^  and  Rhinoceros,  He  gave  his  valuable 
assistance  to  Professor  Prestwich  in  the  study  of  the  bones  found  in 
the  Brixham  Cave,  and  to  Colonel  Lane  Fox  by  describing  the 
bones  found  in  the  valley-deposits  of  Actou  and  Turnham  Green. 

During  the  latter  part  of  his  life,  Mr.  Busk  took  much  interest  in 
ethnological  questions,  and  was  an  active  member  of  the  Anthro- 
pological Institute. 

This  is  not  the  place  for  attempting  to  estimate  the  value  of  Mr. 
Busk's  numerous  contributions  to  Biological  Science,  or  of  his  active 
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and  usefdl  career  in  connexion  with  the  College  of  Surgeons  and 
other  Medical  Institations.  The  jndgment  of  his  contemporaries 
upon  his  work  was  manifested  by  his  election  in  1850  as  a  Fellow 
of  the  Boyal  Society,  and  by  his  receiving  a  Eoyal  Medal  from  that 
Society  in  1871 ;  he  also  served  as  a  Member  of  the  Council  and 
Vice-President  of  the  Royal  Society.  Of  our  own  Society  he  was 
elected  a  Fellow  in  1859,  and  he  twice  served  upon  the  Council ;  in 
1878  the  Lyell  Medal  was  awarded  to  him,  and  the  year  before  his 
death  Mr.  Busk  received  the  "  blue  ribbon "  of  our  Society  in  the 
form  of  the  Wollaston  Medal.  During  the  latter  years  of  his  life  he 
filled  the  office  of  Inspector  of  Medical  Schools  and  Physiological 
Laboratories,  under  the  Cruelty  to  Animals  Act.  After  a  lingering 
illness  he  passed  away  on  the  10th  of  August,  1886,  in  his  80th  year. 
All  who  knew  Mr.  Busk  will  acknowledge  the  justice  of  the 
following  estimate  of  his  character  by  his  life-long  friend  Dr.  AUman : 
**  A  single-minded,  true-hearted  man,  a  warm  friend,  and  an  able 
and  accomplished  naturalist." 

In  those  of  whom  I  have  already  spoken  we  have  had  to  sigh 
over  the  passing  away  of  men  whose  strength  had  already  been 
quenched  in  the  labour  and  sorrow  of  fourscore  years ;  but  in  Jomr 
Arihxtr  Phillips  we  have  lost  one  of  our  most  active  members,  fallen 
untimely, — hia  work,  as  we  fondly  thought,  still  far  fromfinished. 

Mr.  Phillips  was  bom,  in  November  1822,  at  Polgooth,  near  St. 
Austell,  Cornwall,  his  family  being  connected  with  the  important 
tin -mine  at  that  place,  and  it  was  in  Cornwall  that  the  days  of  his 
early  education  were  passed.  When  twenty  years  of  age,  the  true 
bent  of  his  mind  was  indicated  by  his  preparing  for  the  Annual 
Exhibition  of  the  Cornwall  Polytechnic  Society  a  specimen  of  fine 
lace  delicately  covered  with  a  deposit  of  copper,  by  the  then  new 
process  of  electro-metallurgy,  and  for  this  he  received  the  first 
prize.  On  this  occasion  young  Phillips  would  seem  to  have  made 
the  acquaintance  of  Eobert  Were  Fox,  and  for  a  time  to  have 
assisted  him  in  making  experiments  upon  the  electrical  condition 
of  mineral  veins. 

Feeling  very  strongly,  however,  the  necessity  of  a  thorough 
scientific  training,  Mr.  Phillips  determined  to  go  to  Paris  and  study 
at  the  Ecole  des  Mines,  there  being  at  that  time  no  institution  in 
this  country  where  a  similar  course  of  instruction  could  be  obtained. 
After  passing  through  the  curriculum  of  the  celebrated  French 
school  and  receiving  its  diploma,  Mr.  Phillips  obtained  employment 
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for  a  time  in  one  of  the  largest  French  collieries,  where  he  gained 
considerable  experience  in  conducting  mining  operations. 

On  his  return  to  England,  Mr.  Phillips  was  appointed  Chemist  to 
an  Admiralty  Commission,  then  engaged  in  making  inquiries  oon- 
eeming  the  coals  best  suited  for  use  in  marine  boilers,  this 
commission  being  under  the  direction  of  Sir  Henry  de  la  Beche  and 
Br.  Lyon  Playfair.  The  completion  of  this  work  set  Mr.  Phillips 
free  to  establish  a  private  chemical  laboratory,  and  to  enter  upon 
the  profession  of  a  consulting  engineer  in  connexion  with  mining 
and  metallurgical  operations.  In  this  capacity  he,  during  the  next 
twenty  years  of  his  life,  enjoyed  abundant  opportunities  for  travel 
and  study — gathering  vast  stores  of  knowledge  concerning  the 
mode  of  occurrence  of  all  kinds  of  mineral  deposits  in  various  parts 
of  North  America,  Europe,  and  Northern  Africa.  The  fruits  of  his 
wide  experience  on  technological  questions  were  given  to  the  world 
in  a  number  of  papers  published  in  the  <  Chemical  News,'  the '  Philoso- 
phical Magazine '  and  other  journals,  but  more  especially  in  several 
well-known  treatises.  In  1852  he  wrote,  for  the  *  Encyclopaedia 
Metropolitana/  a  *^Manaal  of  Metallurgy,"  which  after  passing 
through  three  editions,  gave  place  to  the  more  extended '  Elements  of 
Metallurgy/  published  in  1874,  of  which  a  second  edition  was  being 
prepared  with  the  cooperation  of  our  Vice-President.,  Mr.  Bauermann, 
at  the  time  of  the  author's  death.  Mr.  Phillips  had  at  an  early  date 
also  written  instructions  on  Gold-mining,  based  on  his  extensive 
experience  in  California  and  other  countries,  and  in  1867  appeared 
his  very  valuable  treatise  *  The  Mining  and  Metallurgy  of  Gold  and 
Silver.'  Mr.  Phillips's  most  important  scientific  work,  however 
was  '  A  Treatise  on  Ore  Deposits,'  which  was  published  as  recently 
as  1884.  In  all  of  these  works,  and  especially  the  last,  geologists 
will  find  large  stores  of  valuable  information,  arranged  in  a  skilful 
manner ;  and  everywhere  they  must  be  struck  with  the  rich  fund 
of  knowledge  which  was  at  the  command  of  the  accomplished  and 
widely-travelled  author. 

Mr.  Phillips  had  already  passed  the  period  of  middle  life  before 
he  found  an  opportunity  of  devoting  himself  to  those  valuable 
petrographical  researches  with  which  his  name  will  be  chiefly 
identified  by  geologists  in  the  future.  But  he  came  to  this  work 
with  a  mind  stored  with  facts  and  observations  gathered  in  his 
numerous  journeys,  with  the  skill  of  a  practical  chemist  and  the 
experience  of  an  excellent  mineralogiBt ;  and  all  these  were  com- 
bined, in  spite  of  his  fifty  years,  with  an  almost  boyish  enthusiasm. 
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In  1872  he  joined  this  Society,  and  at  once  perceiving  the  land  of 
promise  lying  open  to  the  student  of  the  microscopical  stmcture  of 
rooks,  he  set  to  work  to  educate  himself  in  making  transparent 
rock-sections.  I  well  remember  his  ardour  in  these  early  days  of 
his  work,  and  the  glee  with  which  he  assured  me  that  he  had  so  far 
perfected  his  arrangements  for  rock-slidng  and  grinding  that  he 
was  ready  to  supply  mc,  if  I  needed  them,  with  sections  '*  as  large 
as  slices  of  bread  and  butter '' ! 

The  fruits  of  this  devotion  of  his  well-eamed  leisure  to  original 
research  were  soon  seen  in  the  valuable  series  of  papers  on  the 
rocks  of  his  native  county,  published  by  Mr.  Phillips  between  1875 
and  1878.  Taking  as  the  basis  of  his  studies  the  field-observations 
of  De  la  Beche,  for  whose  work  he  always  felt  and  expressed  the 
greatest  admiration,  he  prepared  a  series  of  very  remarkable 
monographs,  dealing  especially  with  the  very  heterogeneous  group 
of  rocks  that  had  been  called  ^'Greenstones,"  which  he  clearly 
showed  to  include  materials  of  very  different  origin. 

Mr.  Phillips  was  by  no  means  the  man  to  think  that  the 
microscope — valuable  as  he  proved  it  to  be  in  his  studies — ought  to 
flupplant  all  other  methods  of  research ;  on  the  contrary,  he  seems 
to  have  been  always  on  his  guard  against  permitting  a  very  useful 
servant,  as  the  microscope  undoubtedly  is,  to  become  a  despotic 
master.  Every  one  who  reads  his  memoirs  must  be  impressed  alike 
by  his  many-sidedness  and  his  industry.  In  his  papers  on  the 
dornish  rocks  were  included  the  results  of  over  sixty  complete 
chemical  analyses,  which  he  performed  in  his  own  laboratory ;  he 
made  many  hundreds  of  slices  of  the  rocks,  cutting  them  in  various 
directions  as  best  suited  his  purpose,  and  he  visited  and  revisited 
the  localities  till  he  had  satisfied  himself,  beyond  possibility  of  doubt, 
of  the  correctness  of  his  field-observations. 

In  one  respect,  perhaps,  Mr.  Phillips  scarcely  did  himself  full 
justice.  Among  the  laborious  and  conscientious  details  of  his  obser- 
vations many  very  valuable  generalizations  may  be  found  buried 
which  well  deserved  to  be  brought  out  into  greater  prominence. 
His  observations  upon  the  paramorphic  change  of  augite  into  horn- 
blende, and  the  various  ways  in  which  this  change  takes  place,  his 
recognition  of  the  fact  that  massive  augitic  rocks  are  converted  into 
hornblende-schists,  his  demonstration  that  many  of  the  liquid- 
cavities  found  in  quartz  and  other  minerals  are  of  secondary  origin, 
these  were  all  announced  and  their  suggestiveness  i^y  appre- 
ciated by  this  careful  and  honest  worker.     His  researches  among 
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the  Cornish  rocks,  though  the  principal,  were  by  no  means  his  only 
ones.  A  very  thoughtful  and  suggestive  essay  on  "  The  Physical 
History  of  Grits  and  Sandstones,"  and  another  on  '^  Enclosures  in 
Granite,"  in  which  he  admirably  investigates  the  nature  and  origin 
of  the  different  varieties  of  these  well-known  phenomena,  must  be 
still  fresh  in  the  mind  of  every  one  present. 

Mr.  Phillips  was  elected  a  Fellow  of  the  Eoyal  Society  in  1881. 
He  died  suddenly,  from  an  affection  of  the  heart,  on  the  4th  January, 
1887,  and  was  buried  at  St.  Mewan's,  Cornwall. 

His  sturdy  integrity  of  character,  combined  with  great  knowledge 
of  the  world,  made  Mr.  Phillips  an  invaluable  member  of  the 
Council  of  this  Society ;  and  during  the  last  two  years  he  worthily 
fiUed  the  office  of  Vice-President.  His  generosity  in  communicating 
his  results  to  fellow-workers  and  in  aiding  them  out  of  his  vast 
stores  of  knowledge  are  familiar  to  all  of  us.  Those  who  know  the 
amount  of  time  and  labour  involved  in  making  accurate  analyses  of 
rocks  and  minerals  can  best  appreciate  the  readiness  with  which  he 
at  all  times  offered  to  undertake  this  task  for  his  friends.  Although 
I  know  that  many  around  me  must  cherish  similar  recollections  of 
the  kindness  of  heart  which  distiiiguished  our  late  colleague,  I 
cannot  forbear  referring  to  my  own  personal  experience  of  it.  His 
early  association  with  Sir  Henry  Be  la  Beche  secured  for  the  Eoyal 
School  of  Mines  (the  child  of  De  la  Beche's  old  age)  the  wannest 
sympathy  of  Mr.  Phillips ;  he  had  felt  the  want  of  such  a  school  in 
his  own  youth,  and  he  gladly  sent  his  only  son  to  be  educated  there. 
Both  my  predecessor,  Professor  Ramsay,  and  myself  have  had  many 
proo&  of  this  kindly  interest;  and  any  particularly  instructive 
specimen  or  section  was  to  the  last  brought  and  presented  with  the 
kindly  intimation  "  You  will  find  it  of  some  use  in  teaching  your 
young  men  " !  It  will  be  long,  indeed,  before  we  forget  the  tact 
and  courtesy,  the  soundness  of  judgment,  and  the  warmth  of  heart 
which  ever  distinguished  our  departed  friend. 

In  Mr.  Henky  Micha£l  Jenkins  we  regret  the  loss  of  one  to 
whose  great  literary  abilities,  business  habits,  and  marvellous  energy 
our  Society  has  in  the  past  been  greatly  indebted.  Born  near  Uan- 
daff,  on  the  30th  of  June,  1841,  Mr.  Jenkins  had  the  misfortune  to 
lose  his  father  in  infancy,  and  was  compelled  to  enter  very  early 
upon  the  stem  battle  of  life — and  this  in  spite  of  an  asthmatical 
affection  which,  early  developing  itself,  compelled  him,  while  still  a 
lad,  to  take  a  voyage  to  the  West  Coast  of  Africa.    His  great  capa- 


Digitized  by  LjOOQ IC 


▲NinVEBS^T  ADDBB8B  OF  THE  PRESIDENT.  45 

city  for  business  had  already  manifested  itself  when,  in  1861,  he 
fortunately  attracted  the  attention  of  Professor  T.  Rupert  Jones, 
then  onr  Assistant-Secretary  and  Editor ;  and,  upon  his  recommen- 
dation, young  Jenkins  was  appointed,  in  the  first  place  a  temporary 
and  afterwards  a  permanent  assistant  in  the  library  and  museum. 
So  diligently  did  he  devote  himself  to  the  study  of  various  branches 
of  science,  by  attending  the  classes  at  King's  College  during  his 
leisure  hours,  and  so  rapidly  did  he  acquire  a  knowledge  of  foreign 
languages  and  skill  in  literary  work,  that,  when  Professor  Rupert 
Jones  retired  in  1862,  Mi.  Jenkins,  though  at  that  time  only  21 
years  of  age,  was  appointed  by  the  Council  to  the  responsible  post 
of  Assistant-Secretary  and  Editor.  Yery  admirably  did  he  justify 
the  confidence  thus  placed  in  him,  and  for  six  years  he  served  the 
Society  with  conspicuous  ability,  not  only  editing  the  Journal,  but, 
during  a  part  of  the  time,  managing  with  great  skill  the  financial 
affairs  of  the  Society. 

It  was  during  this  time  that  Mr.  Jenkins  began  to  devote  his 
attention  to  the  study  of  the  Tertiary  and  Recent  Mollusca,  and  he 
contributed  papers  on  this  and  other  subjects  to  our  Journal,  to  the 
*  Quarterly  Journal  of  Science,'  to  the  '  Geological  Magazine,'  and  to 
other  periodicals,  many  of  these  papers  being  of  the  highest  promise. 
With  Professor  P.  M.  Duncan,  E.R.S.,  he  was  associated  in  the 
study  of  the  remarkable  fossil  known  as  PdUBOCoryney  the  description 
of  which  was  published  by  the  two  authors  in  the  '  Philosophical 
Transactions'  for  1869. 

So  greatly  did  the  energy  and  ability  of  Mr.  Jenkins  impress  all 
those  with  whom  he  came  in  contact,  that  at  the  end  of  1868  he 
was  selected  for  the  important  and  responsible  post  of  Secretary  to 
the  Royal  Agricultural  Society  of  England,  and  editor  of  that 
Society's  journal.  Into  the  duties  connected  with  this  new  sphere 
of  labour,  where  his  great  power  of  organization  and  literary  facility 
found  such  ample  scope,  he  threw  himself  with  characteristic  energy ; 
but  to  these  new  fields  of  labour  we  must  not  follow  him.  I  cannot, 
however^  forbear  quoting  the  appreciative  remarks  of  one  of  our  own 
Fellows,  Professor  Eream,  concerning  the  manner  in  which  Mr. 
Jenkins  made  his  geological  knowledge  and  experience  of  service  to 
him  in  his  new  career  as  an  agriculturist : — 

«<  As  might  be  expected,  the  fruits  of  his  early  scientific  expe- 
rience are  discernible  in  many  of  his  papers.  Particularly  is  this 
the  case  in  his  dear  and  accurate  descriptions  of  the  geological 
features  of  the  districts  of  the  fiarmB  he  reported  upon  in  1869,  of 
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tho  prize-farm  district  around  Oxford  in  1870,  of  the  geology  of 
Belgium,  and  of  Sweden  and  Norway.  In  his  report  upon  Denmark 
he  pointed  out  how  each  of  the  geological  formations  in  that  country 
is  characterized  hy  a  distinctive  system  of  agriculture." 

Mr.  Jenkins  was  elected  a  Pellow  of  this  Society  in  1863,  and,  in 
spite  of  ever  multiplying  and  distracting  occupations,  he  always 
look  the  warmest  interest  in  our  affairs.  To  the  trying  disease 
against  which  he  had  struggled  so  manfully,  he  at  last  fell  a  victim, 
passing  away  last  Christmas  eve  at  the  early  age  of  45.  Few  men 
have  accomplished  so  much  work  in  so  short  a  time  and  under  such 
adverse  conditions.  At  his  open  grave  the  prince  who  presided  over 
the' great  Society  which  he  served  so  faithfully,  and  the  farmers  and 
peasants  whose  interests  he  had  spent  so  large  a  share  of  his  life  in 
promoting,  were  alike  represented ;  hut  among  those  who  mourned 
his  loss  there  were  none  who  felt  it  more  keenly  than  his  early 
Mends  and  feUow-workers  of  the  Geological  Society. 

Dr.  Harvet  Buchanak  Holl  was  born  at  Worcester  on  the  28th 
of  September,  1820,  and  received  his  early  education  in  that  town 
and  at  Birmingham.  When  only  17  years  of  age  he  met  Sir  Henry 
De  la  Beche,  whom  he  accompanied  for  six  months  while  engaged 
in  his  important  studies  of  the  geology  of  Cornwall  and  Devon.  De 
la  Beche  seems  to  have  formed  such  a  high  opinion  of  the  abilities 
of  the  young  geologist  that  he  recommended  him  to  the  notice  of 
Professor  Eogers,  and  the  result  was  that  young  Holl  found  employ- 
ment for  three  years  on  the  Geological  Survey  of  Pennsylvania, 
afterwards  travelling  for  a  year  in  the  United  States  on  his  own 
account.  From  the  pupil  of  such  masters  as  De  la  Beche  and 
Bx)gers  good  services  to  geological  science  might  be  looked  for ;  nor 
was  the  expectation  disappointed.  After  returning  to  £ngland  and 
taking  his  medical  degree.  Dr.  Holl  accompanied  the  British  Army 
to  the  Crimea,  remaining  there  till  the  end  of  the  campaign.  For 
some  time  after  his  return  he  practised  his  profession  in  London ; 
but  in  1862  he  retired  to  Malvern,  and  in  the  same  year  became  a 
Fellow  of  this  Society.  It  was  then  that  he  found  time  for  the 
carrying  out  of  his  valijable  studies  on  the  geology  of  the  Malvern 
HiUs.  In  opposition  to  Murchison's  views,  he  maintained  the  non- 
intrusive  character  and  the  Archsean  age  of  these  rocks,  constituting 
himself  a  pioneer  in  the  study  of  those  isolated  portions  of  the  pro- 
Cambrian  floor  of  Britain  which  have  been  uncovered  by  denudation, 
and  which,  during  recent  years,  have  attracted  so  large  a  share  of 
the  attention  of  geologists. 
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Other  important  papers  on  stratigraphical  geology  which  he  contri- 
buted to  our  Journal  were  those  on  the  correlation  of  the  several  sub- 
divisions of  the  Inferior  Oolite  in  the  Middle  and  South  of  England, 
and  on  the  older  rocks  of  South  Devon  and  Cornwall.  He  also 
published  a  number  of  papers  on  fossil  sponges  and  Entomostraca, 
the  latter  with  the  cooperation  of  Professor  T.  Rupert  Jones. 

When  ill-health  prevented  him  from  continuing  his  work  among 

he  Field-Clubs  of  the  west  of  England,  of  which  he  had  so  long 

been  a  most  active  member,  he  retired  to  his  native  town,  still  with 

microscope  and  pencil  carrying  on  his  labours  among  the  minute 

fossils  which  he  had  studied  with  such  loving  care. 

Dr.  Holl  succumbed  to  the  effects  of  heart-disease  on  September 
1 1th,  1886,  and  in  him  we  have  to  mourn  the  loss  of  one  who  has 
greatly  contributed  to  the  advance  of  geological  knowledge  in  a 
number  of  widely  different  fields. 

In  Mr.  Caleb  Evaits  we  have  lost  another  of  those  hard-working 
amateurs  to  whose  exertions  the  advance  of  geological  science  has 
been  so  largely  due.  He  was  bom  in  July  1831,  and  educated  at 
University  College  School.  He  lost  his  father  while  still  young,  and 
after  being  educated  as  a  solicitor,  received  in  the  year  1852  an 
appointment  in  the  Chancery  Pay  Office,  which  he  retained  till  1882, 
when  compeUed  to  retire  through  ill-health.  Mr.  Evans  was  a 
remarkable  example  of  what  can  be  accomplished  by  an  ardent 
student  of  Nature,  even  when  his  lot  in  life  happens  to  be  cast  in 
the  heart  of  this  human  wOdemess  of  London.  Having  taken  up 
the  study  of  geology  in  1855,  he  found  among  the  excavations  for 
the  new  sewers  in  this  city,  and  in  imfinished  cuttings  of  railways 
leading  from  it,  abimdant  opportunities  for  the  collection  and  study 
of  fossils,  supplementing  this  work  by  researches  carried  on  at  the 
seaside  during  his  vacations.  In  this  way  he  accumulated  a  large 
and  valuable  collection,  some  important  type  specimens  from  which 
were  bequeathed  by  him  to  this  Society.  He  took  a  very  active 
part  in  the  work  of  that  very  useful  body  the  Geologists'  Association, 
of  which  he  was  one  of  the  earliest  members,  and  to  its  Proceedings 
nearly  all  his  papers  were  communicated.  His  most  notable  con- 
tribution to  geological  literature  was  the  well-known  paper  *^  On 
some  sections  of  Chalk  between  Croydon  and  Oxtead,  with  Obser- 
vations on  the  Classification  of  the  Chalk,"  in  which  there  was  made 
the  first  attempt  in  this  country  to  base  a  classification  of  the  beds 
of  the   Chalk  upon  palsBontological   data.     This  memoir,   which 
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essayed  to  do  for  England  what  Prof.  Hebert  did  for  France,  has 
formed  the  basis  of  much  excellent  work  since  accomplished  by 
M.  Earrois,  Mr.  Jukes>Browne,  and  other  geologists.  With  this 
important  question  of  the  dassification  of  the  Chalk  strata  Mr.  Evans's 
name  will  ever  be  honourably  associated,  giving  him  as  it  does  an 
undisputed  claim  to  a  niche  in  our  Geological  Temple  of  Faine. 
Happy  to  the  end  in  the  study  of  Nature,  to  which  he  devoted  his 
last  years  of  physical  weakness  and  decline,  he  passed  away  in  his 
home  at  Hampstead  on  the  16th  September,  1S86. 

From  a  remote  Devonshire  rectory  we  have  received  two  papers, 
short  but  full  of  promise,  from  the  pen  of  the  Kev.  William  Downss. 
These  papers  showed  that  the  Society  had  secured,  by  his  election  in 
1872,  the  aid  of  an  able  student  of  the  very  interesting  Cretaceous 
rocks  of  the  West  of  England,  and  one  who  had  exceptional  oppor- 
tunities for  their  detailed  investigation.  We  have,  alas !  to  record 
his  death  on  the  12th  October,  1886,  at  the  age  of  48. 

Professor  Fbsdebick  Guthbie,  F.R.S.,  the  eminent  physicist,  who 
died  on  the  2l8t  October,  1886,  had  been  for  some  years  a  Fellow  of 
this  Society.  Some  of  his  researches  upon  physical  questions, 
especially  those  bearing  upon  the  continuity  between  the  states  of 
solution  and  fusion,  have  an  important  bearing  on  geological 
problems,  and  these  their  author  clearly  saw  and  forcibly  pointed 
out.  Bom  in  London  in  1833,  Dr.  Guthrie  was  educated  at  Uni- 
versity College  School  and  University  College,  receiving  a  further 
chemical  training  in  the  Universities  of  Marburg  and  Heidelberg. 
Acting  first  as  demonstrator  to  Dr.  Frankland  at  Manchester,  and  then 
to  Sir  Lyon  Playfair  at  Edinburgh,  he  became  Professor  of  Physics 
at  Mauritius ;  afterwards,  succeeding  Dr.  Tyndall,  he  obtained  the 
appointment  which  he  so  worthily  filled  at  the  time  of  his  death, 
that  of  Professor  of  Physics  in  the  Normal  School  of  Science  and 
Rojal  School  of  Mines.  His  death  at  the  early  age  of  52,  which 
resulted  from  a  morbid  growth  in  the  throat,  has  deprived  science  of 
an  enthusiastic  and  ingenious  student,  and  his  colleagues  of  a  much- 
loved  friend  and  coadjutor.  One  of  these,  who  knew  him  well,  has 
aptly  compared  his  whimsical  admixture  of  simplicity  and  wisdom, 
of  kindliness  with  pungent  but  never  caustic  humour,  to  the 
immortal  character  of  Undo  Toby. 

In  Mr,  Aethtje  Gsote  we  have  lost  one  of  those  valuable  members 
who,  after  long  service  in  our  Indian  Empire,  return  with  wide 
knowledge  and  ripe  experience,  ready  to  be  placed  at  the  service  of 
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the  scientific  societies  of  their  native  land.  Mr.  Grote,  who  was  a 
younger  brother  of  the  historian,  was  bom  on  the  29th  November, 
1814,  at  Beckenham  in  Kent ;  from  1833  to  1868  he  was  a  member 
of  the  Indian  Civil  Service,  at  the  end  of  his  career  occupying  one 
of  the  highest  administrative  posts  in  the  Bengal  Presidency.  He 
joined  this  Society  in  1846,  and  after  his  retirement  from  official 
life  found  satisfaction  for  his  scientific  tastes  and  sympathies  in 
attending  the  meetings  and  assisting  in  the  administration  of  the 
affairs  of  the  Boyal  Asiatic,  the  Zoological,  and  the  linnean  Societies, 
as  well  as  of  our  own.  A  man  of  charming  manner  and  most  amiable 
character,  his  presence  wiU  be  missed  by  a  large  circle  of  scientific 
friends. 

From  our  Foreign  Hst  we  have  beeu  compelled  to  erase  the 
honoured  names  of  Abich,  Ghuscardi,  and  Cornet. 

Dr.  HEBMAim  Abioh  was  bom  in  Berlin,  11th  December,  1806. 
He  first  became  known  to  the  scientific  world  by  his  careful  chemical 
analyses  of  the  spinels  and  other  minerals ;  but  he  afterwards 
devoted  his  attention  to  the  study  of  volcanic  phenomena,  and  in 
this  connexion  his  investigations  on  the  chemical  composition  of  the 
^ses  of  f umaroles  and  of  the  deposits  which  are  found  on  the  sides 
of  volcanic  vents  are  of  especial  value.  He  was  a  warm  advocate 
of  Von  Buch's  theory  of  "  Erhebungscratere,"  and  though  few 
geologists  at  the  present  time  will  be  found  ready  to  accept  his 
arguments  on  this  subject,  every  one  must  admire  the  careful 
observations  on  the  structure  of  volcanoes  which  he  brought  together 
in  several  well-known  works.  In  1837  appeared  his  '  Vues 
Blustratives  de  Phenom^nes  G^ologiques  observes  sur  le  Ydsuve  et 
ITStna  pendant  les  Anndes  1833  et  1834,'  and  in  1841  his  *  Geolo- 
gische  Beobachtungen  iiber  die  Natur  und  den  Zusammenhang  der 
vulkanischen  Bildimgen.'  Having  been  appointed  Professor  of 
Mineralogy  at  Dorpat,  Abich's  attention  was  directed  to  the  study 
of  the  geology  and  mineralogy  of  different  parts  of  the  vast  Russian 
Empire.  He  subsequently  removed  to  Tifiis,  and  from  that  time  his 
studies  were  chiefly  devoted  to  the  elucidation  of  the  geological 
stmcture  of  the  Caucasus  and  surrounding  districts.  So  long  ago 
its  1857  he  was  elected  a  Foreign  Member  of  this  Society.  The  last 
few  years  of  his  Ufe  were  spent  at  Vienna,  where  he  was  engaged 
in  embodying  the  results  of  his  numerous  researches  in  a  great 
monograph  entitled  '  Geologische  Forschungen  in  den  kaukasischen 
Landern,'  of  which  one  part  only  has  as  yet  appeared.  He  passed 
away  on  July  1st,  1886,  in  his  80th  year. 

VOL.  ZLIU.  e 
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GveLiSLico  QxnscAXDiy  wbo  was  bom  in  Naples  in  March  1821, 
was  educated  for  the  profession  of  an  architect.  When  he  was  24 
years  of  age,  however,  the  meeting  of  a  Scientific  Congress  at 
Naples,  which  he  attended  in  order  to  learn  something  about 
bnilding-materials,  seems  to  have  directed  his  attention  to  the 
interest  attaching  to  geological  studies.  Entering  the  class  of  the 
veteran  mineralogist  Professor  Scacchi  in  the  University  of  Naples, 
Gniscardi  soon  became  the  most  distinguished  of  his  pupils.  The 
revolution  of  1848  found  the  young  geologist  in  the  ranks  of  the 
army  which  endeavoured  to  overthrow  the  Bourbon  dynasty  in 
Naples ;  but  on  the  failure  of  that  attempt,  he  retired  to  a  private 
life  of  intense  study  for  the  next  twelve  years.  The  victory  of  the 
national  cause,  to  which  he  was  so  greatly  attached,  came  at  last, 
however,  and  he  was  then  in  1860  appointed  Professor  of  Geology 
in  the  University  of  Naples,  a  post  which  he  retained  tiU  the  time 
of  his  death.  Professor  Gniscardi  was  a  man  of  very  wide  culture 
and  extensive  knowledge,  ajs  was  shown  by  his  palffiontolog^cal 
papers  on  the  genera  Nerita  and  Aturia,  on  the  family  of  the 
Budistes,  and  those  on  the  fossils  found  in  blocks  ejected  from 
Vesuvius,  by  his  petrographical  papers  on  the  rocks  of  Vesuvius  and 
the  Phlegrsean  fields,  and  by  his  chemical  researches  on  the  gases 
escaping  from  volcanic  vents.  He  was  elected  a  Foreign  Corre- 
spondent of  this  Society  in  1879.  Many  of  our  members  can  bear 
testimony  to  the  cordiality  with  which  foreign  students  of  his  science 
were  always  welcomed  at  Naples  by  our  esteemed  Correspondent, 
who  ever  showed  himself  ready  to  assist  them  in  their  researches ; 
I  can  myself  never  forget  the  kindness  which  I  received  firom  one 
with  whom  T  contracted  a  warm  friendship.  For  some  years  past  an 
affection  of  the  eyes  had  caused  him  much  suffering  and  anxiety,  and 
he  died  at  Naples  on  the  11th  December,  1885,  at  the  age  of  64. 

FRAKgois  Leopold  Cornet  was  bom  at  Givry  in  Belgium  on  the 
21st  February,  1834.  At  the  age  of  16  he  entered  as  a  student  the 
"  Ecole  des  Mines  "  of  Hainault,  and,  obtaining  his  diploma  in  1853, 
became  a  mining  engineer.  For  some  years  he  was  engaged  in  the 
direction  of  the  operations  of  several  coal-mines,  and  in  this  capacity 
he  introduced  two  notable  improvements  into  the  working  of  the 
Belgian  collieries,  namely  the  employment  of  compressed  air  as  a 
motive  power,  and  the  use  of  the  endless  chain  for  transport 
purposes.  Forming  the  acquaintance  of  another  mining  engineer, 
M.  A.  Briart,  now  an  esteemed  Foreign  Correspondent  of  this  Society, 
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M.  Cornet  entered  with  him  into  a  scientific  partnership,  and  from 
this  time  forth  all  the  valuable  geological  researches  which  they 
carried  on  were  published  under  their  joint  names.  In  1865  they 
announced  the  discovery  of  an  older  series  of  Eocene  strata  than 
had  hitherto  been  recognized,  and  in  subsequent  papers  the  strati- 
graphy and  palseontology  of  these  most  ancient  members  of  the 
Tertiary  series  and  of  the  underlying  Cretaceous  rocks  were  carefully 
elaborated.  These  papers  were,  however,  interspersed  with  others 
bearing  upon  anthropological  questions  and  on  the  Carboniferous 
strata  of  Belgium.  During  the  later  years  of  his  life  M.  Comet  was 
engaged  in  developing  the  remarkable  industry  which  had  arisen  in 
Mons  through  the  working  of  the  phosphate  beds  of  the  Chalk.  In 
1883  he  was  elected  one  of  our  Foreign  Correspondents,  and  only 
last  year  he  contributed  to  our  Journal  a  very  valuable  paper 
describing  the  Cretaceous  strata  of  Mons  which  contain  the  remark- 
able deposits  of  phosphate  of  lime.  Little  did  we  think  at  the  time 
that  this  was  the  last  communication  which  would  come  from  his 
hands,  but  in  January  last  we  received  the  sad  news  of  his  death  at 
the  age  of  53. 

The  Eeport  of  the  Council  indicates  a  very  flourishing  condition 
of  our  affairs — both  in  respect  to  the  number  of  our  Fellows  and  the 
state  of  our  finances ;  but  I  need  scarcely  remind  you  that, 
gratifying  as  these  circumstances  are,  the  true  index  of  the  well- 
being  of  our  Society  is  to  be  found  in  the  amount  and  importance 
of  the  original  work  done  by  its  members,  as  shown  by  the  contents 
of  our  annual  volume.  During  the  past  year  the  number  of  papers 
submitted  to  the  Society  has  been  at  least  as  large  as  in  any 
previous  year,  and  I  am  persuaded  that  when  tried  by  the  test  of 
time  there  will  be  found  to  be  no  falling  off  in  their  scientific  value. 

In  a  year  when  so  much  attention  has  been  directed  to  our 
Colonial  and  Indian  possessions,  and  when  we  have  had  the'  pleasure 
of  greeting  in  this  room  some  of  our  most  active  members,  who  are 
citizens  of  the  Greater  Britain  beyond  the  seas,  it  is  not  surprising  that 
communications  bearing  on  the  geology  of  these  British  "  outliers  " 
have  been  as  numerous  and  valuable  as  they  were  welcome. 

The  Societies  which  occupy  common  ground  with  ourselves — our 
valued  auxiliaries  the  PalaBontographical  Society,  the  Mineralogical 
Society,  and  the  Geologists'  Association — ^have  well  kept  pace  in 
the  ever-forward  movements  of  the  past  year;  the  numerous 
provincial  Geological  Societies  and   Field-dubs  have  all  aided  in 
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swelling  the  strengtli  of  the  advance;  while  the '  Geological  Magazine,' 
appearing  at  shorter  intervals  than  onr  own  Journal,  has  satisfied 
all  the  requirements  of  the  light  skirmishers  of  our  army. 

The  two  great  state-snpported  institutions  to  which  Geologists 
always  look  for  aid  in  their  work  have  not  been  wanting  in  e£Ebrt 
since  our  last  Anniversary. 

The  Geological  Survey  has  already  completed  the  one-inch  map  of 
England,  that  of  Ireland  will  be  finished  during  the  next  year, 
while  their  last  great  remaining  task — ^the  important  one  of  mapping 
the  Scottish  Highlands — ^is  being  vigorously  attacked  both  from 
the  north  and  the  south.  Valuable  work  of  revision  in  the  country 
already  surveyed  is  also  being  pressed  forward,  the  most  notable 
achievement  in  this  way  during  the  past  year  being  the  complete 
confirmation  by  Mr.  Clement  Beid  of  Professor  Prestwich's  important 
discovery,  which  was  made  in  1857,  of  the  existence  of  Pliocene 
outliers  on  the  North  Downs. 

Nor  has  the  Natural  History  department  of  the  British  Museum 
been  behind  its  sister  institution  in  the  work  it  has  accomplished. 
The  rearrangement  of  the  palseontolog^cal  and  mineral  collections, 
under  more  favourable  conditions  of  space  and  light,  has  gone  on 
steadily  ;  valuable  monographs  like  those  of  Dr.  Hinde  on  the  fossil 
sponges,  and  of  Mr.  B.  Etheridge,  jun.,  and  Mr.  P.  H.  Carpenter  on 
the  Elastoidea  have  been  issued;  and  catalogues  like  those  of 
Professor  Eupert  Jones  on  the  Eoraminifera,  of  Mr.  Lydekker  on  the 
Eossil  Mammalia,  and  of  Mr.  Eidston  on  the  Palseozoic  plants  have 
been  published.  Among  the  good  work  done  by  some  of  our  members 
who  direct  the  affairs  of  the  Museum,  we  must  not  overlook  the 
admirable  and  successful  efforts  which  are  being  made  to  increase 
the  value  of  the  collections  for  educational  purposes.  The  specially 
arranged  collections  for  the  guidance  of  students  and  beginners, 
and  the  cheap  and  accurate  guide-books  now  issued,  afford  sufficient 
evidence  that  the  Director  and  Keepers  of  the  Museum  are  alive  to  a 
very  urgent  national  want.  Erom  among  those  whose  interest  has 
been  excited  and  whose  earliest  cravings  for  information  have  been 
supplied  by  such  means  as  these,  our  own  and  other  societies  must 
look  for  future  recruits.  It  may  not  therefore  be  uninteresting  to 
mention  that  of  the  cheap  illustrated  guide  to  the  Palseontological 
Galleries,  prepared  by  Dr.  "Woodward  in  1880,  four  editions  have 
already  appeared  and  over  12000  copies  have  been  sold ;  while  of 
Mr.  Eletcher's  Guide  to  the  Mineralogical  Gallery,  with  its  charming 
introduction  to  the  study  of  Mineralogy,  no  less  than  4000  copies 
have  been  disposed  of  within  a  very  short  period. 
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At  the  last  meeting  of  the  BritiBh  Association)  held  at  Birmingham, 
geological  questions  occupied  a  full  share  of  the  attention  of  its 
members.  In  addition  to  the  comprehensive  address  of  the  Presi- 
dent, Sir  William  Dawson,  which  dealt  with  very  complex  geological 
problems,  and  the  lucid  discourse  of  my  predecessor  in  this  Chair, 
who  supplemented  the  reviews  which  he  has  given  in  this  room  of 
the  results  of  the  application  of  microscopic  methods  to  the  study  of 
igneous  and  metamorphic  rocks  respectively  by  an  equally  striking 
and  suggestive  treatment  of  the  aqueous  rocks  from  the  same  point 
of  view,  Geologists  have  to  thank  the  distinguished  mathematician. 
Professor  6.  H.  Darwin,  for  the  comfort  afforded  to  them  in  his 
very  modest  and  thoughtful  address.  Should  certain  more  recent 
utterances  from  the  mathematical  fold  have  produced  a  moment's 
disquiet  in  any  fednt-hearted  Fellow  of  this  Society,  I  can  confidently 
recommend  to  him  the  perusal  of  Professor  Darwin's  cautious  and 
reassuring  essay. 

The  commencement  of  several  important  undertakings  have  marked 
the  present  year  in  the  annals  of  geological  science. 

Those  who  desire  to  perpetuate  the  memory  of  the  late  John 
Morris  could  not  possibly  have  chosen  a  better  method  for  doing  so 
than  that  of  promoting  the  publication  of  a  new  edition  of  his  in- 
valuable *  Catalogue  of  British  Eossils.'  In  the  third  of  a  century 
which  has  elapsed  since  the  seoond  edition  appeared,  the  progress  of 
palfiBontological  research  has  been  so  rapid  that  no  single  individual 
— even  if  gifted  with  the  encyclopaedic  mind  of  Morris  himself — could 
possibly  expect  to  cope  with  it.  A  number  of  able  workers  have, 
however,  rendered  themselves  responsible  for  the  cataloguing  of  the 
several  groups  which  they  have  especially  studied,  while  Dr.  Henry 
Woodward  has  undertaken  to  act  as  Editor.  Professor  Morris's 
nearest  surviving  relative  having  engaged  to  supply  the  necessary 
funds,  and  the  Syndics  of  the  Cambridge  University  Press  haviug 
arranged  to  print  it,  we  may  hope  at  no  distant  date  to  see  this 
important  work  issued. ' 

Mr.  Teall,  in  his  *•  British  Petrography,'  has  entered  upon  a  task, 
the  accomplishment  of  which  was  much  needed,  and  which  is  well 
worthy  of  the  sympathy  and  support  of  all  geologists.  He  proposes 
to  prepare  descriptions,  to  be  illustrated  by  carefully  executed 
coloured  plates,  of  the  chief  types  of  our  British  rocks.  How  com- 
petent Mr.  Teall  is  for  the  execution  of  such  an  undertaking,  he  has 
given  ample  proof  in  several  papers  laid  before  this  Society.  In  these 
days  of  rapidly  increasing  petrographical  literature,  every  one  must 
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feel  indebted  to  the  anthor  for  the  careftd  manner  in  which  he 
follows  up  the  comparison  of  our  BritLsh  types  with  those  described 
by  foreign  petrographers. 

Mr.  Mellard  Eeade,  who  is  so  well  known  to  geologists  by  his 
thonghtfnl  and  suggestive  addresses  to  the  Geological  Society  of 
Liverpool,  has  found  an  admirable  subject,  which  he  has  treated 
with  great  skill  and  no  little  originality,  in  his  ^  Origin  of  Mountain 
Kanges.' 

To  the  manner  in  which  the  advancement  of  geological  science  is 
being  promoted  by  the  various  societies  in  other  countries,  and  the 
surveys  undertaken  by  foreign  States,  I  can  do  no  more  than  bardy 
allude.  Everywhere  we  have  to  note  the  same  steady  and  sustained 
efforts,  before  which  the  clouds  that  have  enveloped  the  story  of 
former  times  are  being  gradually  rolled  back,  and  the  light  of 
knowledge  is  illuminating  the  obscurest  problems  connected  with 
the  past  history  of  our  globe. 


In  the  advance  of  an  army  through  an  unknown  and  difficult 
couotry  there  must  always  be  some  risk  of  the  communications 
between  its  several  divisions  breaking  down,  and  of  their  power  for 
effective  cooperation  becoming  impaired;  more  especially  does  this 
danger  arise  when  the  army  is  large  in  its  numbers,  complicated  in 
its  organization,  or  swift  and  sudden  in  its  movements. 

Now  that  vast  host  of  geological  investigators  which  is  ever 
pressing  forward  to  conquer  new  realms  of  knowledge  is  distin- 
guished among  all  the  armies  of  science  by  the  rapidity  of  its  evolu- 
tions ;  the  history  of  Geology  is  the  chronicle  of  a  brilliant  succession 
of  forced  marches.  It  may  therefore  be  prudent  if,  from  time  to 
time,  we  pause  to  look  around  us  and  to  inquire  if  there  be  any 
chance  of  the  centre  of  our  army,  while  engaged  in  steadily  grappling 
with  the  vast  physical  problems  which  confront  it,  losing  touch 
with  either  of  its  wings — that  which  is  composed  of  the  cultivators 
of  the  mineralogical  sciences  on  the  one  hand,  or  that  which  is 
formed  by  the  students  of  the  biological  sciences  on  the  other. 

From  that  position  of  elevation  and  of  observation  in  which  I 
find  myself  placed  by  your  indulgent  sufi&ages,  it  has  occurred  to  me 
that  I  may  possibly  render  a  service  by  reporting  to  you  the  main 
features  of  the  field  of  conflict,  so  far  as  it  is  given  to  me  to  discern 
them. 
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In  attempting  such  a  survey,  I  of  conne  do  not  foi^t  that  a  just 
idea  of  so  vast  a  field  can  scarcely  be  obtained  from  any  single 
standpoint ;  but  I  am  satisfied  that  no  better  vantage-ground  could 
possibly  be  found  for  the  purpose  than  that  afforded  by  this  Chair. 
Without  for  one  moment  forgetting  the  workers  belonging  to  other 
countries  or  connected  with  kindred  associations,  I  may  claim  for 
iAiia  Society  that  it  has  ever  taken  a  foremost  place  in  promoting  the 
progress  of  geological  science ;  that  the  initiative  in  many  of  its  most 
remarkable  advances  has  been  due  to  our  Fellows ;  and  that  all  the 
leading  episodes  of  its  short  but  brilliant  history  will  be  found 
faithfully  reflected  in  our  publications. 

It  is  my  purpose  to-day  to  invite  your  attention  to  the  past  and 
present  relations  between  Geology  and  the  Mineralogical  Sciences. 

The  geologists  of  this  Society  stand  in  no  need  of  the  reminder 
that"  their  father  was  a  mineralogist."  That  little  band  of  enthu- 
siasts who,  just  eighty  years  ago,  constituted  themselves  the  nucleus  of 
the  Qeological  Society  of  London  were  before  all  things  mineralogists; 
and  the  initial  object  of  the  formation  of  the  Society  was  a  purely 
mineralogical  one,  that  of  securing  the  publication  of  Count  Boumon's 
laborious  treatise  on  the  varied  forms  assumed  by  the  crystals  of 
ealcspar.  Little  could  its  original  members  have  anticipated  many 
of  the  directions  in  which  the  work  of  the  Society  was  destined  to 
develop  itself. 

An  examination  of  the  first  series  of  our '  Transactions,'  published 
between  the  years  1811  and  1821,  will  show  that  all  the  really 
valuable  and  enduring  work  of  the  Society,  during  this  first  epoch 
of  its  history,  was  either  mineralogical  or  petrographical.  Looking 
back  on  that  work,  we  may  indeed  feel  proud  of  the  achievements 
of  these  founders  of  our  Society.  We  find  Wollaston  engaged  in 
devising  his  beautif al  contrivance  for  measuring  the  angles  of  crystals, 
and  William  Phillips  illustrating  the  value  of  the  reflecting  goni- 
ometer by  accumulating  a  great  mass  of  accurate  determinations ; 
we  see  Whewell,  and  afterwards  Miller,  labouring  to  place  on  a 
secure  basis  the  mathematical  methods  best  adapted  for  the  discus- 
fiion  of  these  measurements;  while  Brewster  and  Herschel  are 
steadily  feeling  their  way  towards  the  pregnant  generalization  that 
the  geometrical  forms  of  crystals  are  but  the  outward  and  visible 
signs  of  an  inward  molecular  structure,  which  becomes  clearly  mani- 
fested by  its  action  upon  polarized  light;  at  the  same  time 
Macculloch,  bringing  to  bear  on  his  studies  in  the  field  a  vast 
amount  of  accurate  chemical  and  mineralogical  knowledge,  is  found 
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engaged  in  laying  the  foundation  in  this  country  of  the  study  of 
rocks. 

If  now  we  turn  to  the  second  series  of  our  •  Transactions '  and 
the  earlier  volumes  of  our  '  Journal,'  published  between  the  years 
1824  and  1858,  we  shall  perceive  a  startling  falling^oflf  in  the  con- 
tributions to  mineralogical  science,  too  sure  a  sign  of  that  neglect 
and  almost  contempt  with  which  Mineralogy  had  come  to  be 
regarded  by  the  geologists  of  that  period. 

This  unfortunate  result  was  doubtless  to  some  extent  due  to  the 
powerful  counter-attraction  exercised  by  Stratigraphical  Geology, 
which  had  received  such  a  remarkable  impetus  from  the  labours  of 
William  Smith,  and  of  Palsaontology,  which  was  daily  being  enriched 
by  the  discoveries  of  Guvier,  Gonybeare,  Buckland,  Mantell,  and 
Owen.  But  it  must,  at  the  same  time,  be  confessed  that  many 
mineralogists  had  at  that  period  permitted  themselves  to  be  betrayed 
into  a  position  of  more  or  less  pronounced  antagonism  to  all  the  later 
developments  of  Geology,  and  their  science  in  turn  had  come  to  be 
regarded  by  geologists  with  feelings  of  suspicion  and  distrust. 

Perhaps  I  cannot  better  illustrate  the  relations  which  had  grown 
up  between  the  geologists  and  mineralogists  of  that  day  than  by 
referring  to  an  incident  which  was  related  to  me  by  Gharles  Darwin, 
shortly  before  his  death,  as  having  exercised  an  important  influence 
on  his  own  career  as  a  geologist.  While  Darwin  was  a  student  at 
Edinburgh,  it  was  the  ciistom  of  Jameson,  who  was  justly  regarded 
at  that  time  as  the  apostle  of  exact  mineralogical  knowledge  in  this 
country,  to  take  his  class  to  Salisbury  Grags  and  there  to  inveigh 
in  no  measured  terms  against  the  infatuation  of  geologists  in  main- 
taining the  igneous  origin  of  those  masses  of  basalt.  Under  such 
circumstances  as  these  it  is  not  surprising  to  And  that  geologists, 
judging  the  tree  by  its  fruits,  were  led  to  conclude  that  from 
Mineralogy  there  was  little  to  be  hoped  for  in  the  way  of  assistance 
to  their  own  science,  and  nothing  at  all  to  be  feared  in  the  way  of 
criticism. 

Although  this  state  of  estrangement  between  Geology  and  Mine- 
ralogy has  now  happily  passed  away,  since  the  causes  which  brought 
it  about  have  disappeared,  it  may  still  be  doubted  whether  all  the 
eultivators  of  these  two  sciences  fully  realize  their  mutual  depend- 
ence, or  dearly  recognize  their  capabilities  for  mutual  assistance. 
It  may  not  be  unprofitable,  therefore,  to  inquire  how  perfect 
eooperation  between  mineralogists  and  geologists  may  best  be 
promoted,  and  to  reconnoitre  those  promising  fields  of  research 
through  which  their  joint  advance  must  be  made. 
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The  realm  of  Nature  has  been  recognized  from  time  immemorial 
as  consisting  of  three  kingdoms :  dealing  with  the  affairs  of  these 
three  kingdoms,  respectively,  there  have  grown  up  side  by  side  three 
departments  of  natural  knowledge — ^Zoology,  Botany,  and  Mine- 
ralogy. But  in  recent  years  new  and,  I  cannot  help  thinking, 
regrettable  relations  haye  sprung  up  between  these  sister  sciences. 
Zoology  and  Botany,  having  developed  a  method,  a  classification, 
and  a  nomenclature,  based  on  common  principles,  have  been  drawn 
together  by  bonds  so  dose  and  firm  that  many  regard  them  as  in- 
dissolubly  one — the  science  of  Biology.  Mineralogy,  thus  isolated, 
has  been  driven  to  seek  new  and  unnatural  alliances, — ^with 
Chemistry,  with  Physics,  or  with  the  Mathematical  Sciences.  Eor 
my  own  part  I  confess  that  I  regard  this  threatened  "  Bepeal  of  the 
Union  "  of  the  natural  sciences  as  alike  a  misfortune  and  a  mistake. 
It  is  sometimes  assumed  that  the  objects  dealt  with  by  Zoology 
and  Botany  are  so  different  in  their  essential  characters  from  those 
treated  of  by  Mineralogy,  that  the  science  of  "  Organic  "  nature  must 
always  follow  a  different  path  from  that  pursued  by  the  science  of 
"  Inorganic  '*  nature.  The  structures  commonly  known  as  organic, 
and  the  processes  usually  called  vital,  are  asserted  to  be  so  entirely 
different,  alike  in  their  origin  and  in  their  essence,  from  anything 
ezistiug  in  the  Mineral  kingdom,  as  to  warrant  the  establishment 
and  perpetuation  of  a  fundamental  distinction  between  the  sciences 
dealing  with  "  living  "  and  "  non-living ''  matter  respectively. 

In  the  year  1854  a  very  acute  thinker,  who  at  one  time  occupied 
this  Chair,  made  a  serious  attempt  to  formulate  the  distinctions 
which  are  supposed  to  divide  living  from  non-living  matter ;  but 
at  a  subsequent  date,  admitting  with  characteristic  candour  that  he 
had  altogether  outgrown  these  ideas,  Professor  Huxley  argued,  with 
great  skill  and  cogency,  that  '*  vitality  "  is  merely  a  general  term 
for  a  set  of  purely  physical  processes,  differing  only  in  their  com- 
plexity from  those  to  which  "  inorganic  "  matter  is  subject. 

It  is  a  circumstance  of  no  small  significance  that  no  definition  of 
life  which  has  yet  been  proposed  will  exclude  the  kind  of  processes 
which  we  can  now  show  to  be  continually  going  on  in  mineral 
bodies.  **  life,"  said  the  late  George  Henry  Lewes,  "  is  a  series  of 
definite  and  successive  changes,  both  of  structure  and  composition, 
which  take  place  in  an  individual  without  changing  its  identity.'' 
Mr.  Herbert  Spencer  prefers  to  define  life  as  '^  the  definite  combi- 
nation of  heterogeneous  changes,  both  simultaneous  and  successive, 
in  correspondence  with  external  co-existences  and  sequences." 
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If  either  or  both  of  these  definitions  of  life  be  accepted  as  satis- 
factory, then,  as  I  hope  to  demonstrate  to  yon,  the  minerals  whioh 
build  np  the  crust  of  our  globe  unquestionably  "live."  At  all  events 
I  am  confident  of  being  able  to  show  that ''  in  correspondence  witii 
external  co-existences  and  sequences,"  or,  in  other  words,  aa  the  coih 
ditions  to  which  they  are  subjected  vary,  they  undergo  "  a  series  of 
definite  and  successive  changes,  both  in  structure  and  composition, 
without  losing  their  identity." 

It  may  seem  paradoxical,  but  it  is  nevertheless  true,  that  the 
"  vitality  "  of  minerals — ^I  really  do  not  know  what  other  term  to 
use  to  convey  my  meaning — ^is  much  greater  than  that  of  plants, 
and,  a  fortiori^  than  that  of  animals ;  and  this  is  the  direct  and 
necessary  consequence  of  their  less  complex  and  more  stable  chemioal 
constitution. 

The  Zoologist  regards  as  a  case  of  remarkable  vitality  the  recovery 
of  snails  which  had  been  long  affixed  to  a  museum-tablet,  upon 
their  immersion  in  warm  water.  The  Botanist  cites  the  germination 
of  seeds  taken  firom  ancient  Egyptian  tombs  as  a  striking  illustrar 
tion  of  how  long  life  may  remain  dormant  in  the  vegetable  world. 
Let  us  now  turn  to  the  Mineral  kingdom.  A  quartz-crystal  develope 
to  certain  dimensions,  in  accordance  with  the  natural  laws  of  its 
being,  and  when  the  necessary  conditions  of  growth  cease  to  environ 
it,  its  increase  is  arrested.  But  the  crystal  still  retains  its  *^  vitality," 
that  is  the  power  of  further  development  which  is  dependent  on  its 
particular  <^  organization  "  or  molecular  structure.  We  may  de- 
stroy that  "  organization  *' and  the  "  vitality  "  which  is  dependent 
upon  it  in  a  single  instant,  by  subjecting  the  crystal  to  the  action 
of  hydrofluoric  acid  or  of  an  oxyhydrogen  flame.  But  unless  its 
"organization"  and  "vitality "be  thus  brutally  stamped  out,  the 
crystal  and,  indeed,  every  fragment  of  it  retains,  not  the  "  promise  '* 
only,  but  the  very  "  potency  of  life."  It  may  be  worn  by  wind  and 
wave  into  a  rounded  and  polished  sand-grain ;  it  may  be  washed 
from  the  beds  of  one  formation,  to  form  part  of  the  materials  of  a 
new  one,  and  this  process  may  be  repeated  again  and  again ;  but 
after  countless  wanderings  and  unnumbered  "accidents  by  flood 
and  field,"  extending  over  millions  on  millions  of  years,  let  but  the 
necessary  conditions  of  growth  again  environ  it,  and  the  battered 
and  worn  fragment  will  redevelop,  in  all  their  exquisite  symmetry, 
its  polished  facets,  it  will  assume  once  more  the  form  of  a  quarts- 
crystal,  having  at  least  as  much  claim  to  identity  with  the  original 
one,  as  a  man  has  with  the  baby  from  which  he  has  grown. 
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"  Life  I "  **  Vitality  I "  These  termB  are  but  convenient  doakB  of 
our  ignorance  of  the  somewhat  complicated  series  of  purely  physical 
processes  going  on  within  plants  and  animals.  '*  Organization  I " 
Why  should  the  term  be  applied  to  the  molecular  structure  of  an 
Amoeba  or  a  yeast-cell,  and  refused  to  that  of  a  crystal?  And 
even  if  we  choose  to  maintain  such  distinctions  as  these,  must  we 
also  insist  that  they  constitute  a  basis  sufficiently  broad  upon  which 
to  establish  our  classification  of  the  sciences  ? 

Unquestionably  there  are  differences  between  the  changes  which 
take  place  in  these  wonderful  cycles  in  animals,  plants,  and  minerals 
respectively.  As  animals  differ  from  plants  in  not  being  able  to 
build  up  their  tissues  from  the  simple  compounds  of  the  mineral 
kingdom,  so  animals  and  plants  alike  differ  from  minerals  in  their 
power  of  growth  by  intussusception. 

But  perhaps  the  most  striking  difference  of  all  between  the 
^' vital"  processes  in  animals,  plants,  and  minerals  is  found  in  the 
rate  at  which  they  take  place.  Animals,  in  consequence  of  the  in- 
stability of  their  chemical  constitution,  are  distinguished  by  an 
almost  ceaseless  activity  and  a  consequent  brevity  of  existence. 
Plants,  in  the  slower  rate  at  which  their  vital  processes  take  place, 
bridge  over  to  some  extent  the  tremendous  gap  between  animals 
and  minerals.  In  these  last  the  vital  processes  are  so  prolonged 
in  their  manifestations,  owing  to  the  stability  of  their  chemical  com- 
position, and  they  are  not  unfrequently  interrupted  by  such  enormous 
intervals  of  time,  that  they  can  only  be  recognized  by  the  geologist. 

The  changes  which  take  place  in  an  ephemera  are  rapid  indeed 
as  compared  with  those  going  on  in  the  oak-tree  among  the  branches 
of  which  it  may  spend  its  brief  existence ;  but  in  the  rocks  among 
which  the  oak  thrusts  its  rootlets,  other  processes  are  going  on  com- 
pared with  which  the  life  of  the  oak-tree  is  as  ''  fast "  as  that  of 
the  ephemera  compared  with  its  own. 

Nevertheless  the  three  forms  of  "  life  ^  seem  to  start  pretty  much 
on  a  level.  A  solution  of  nitre  in  which  crystallites  are  uniting,  in 
obedience  to  the  laws  of  "  polarity,"  to  build  up  crystals  with  their 
regular  forms,  their  molecular  structure,  and  their  powers  of  further 
development ;  a  solution  of  sugar  in  which  the  cell  of  a  yeast-plant 
is  living  and  growing ;  and  a  third  liquid  with  suspended  vegetable 
particles  in  which  an  Amosha  is  increasing  and  multiplying, — ^these 
three  may  surely  be  compared  with  one  another,  however  unlike 
may  appear  to  be  the  higher  developments  in  the  three  kingdoms 
to  which  they  respectively  belong. 
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I  do  not,  of  course,  for  one  moment  wish  to  suggest  that  it  is 
practicable,  or  even  desirable,  to  attempt  an  extension  of  the  con- 
ventional use  of  the  terms  "  life  "  and  "  organization/'  But  I  do 
think  that  it  is  of  the  first  importance  that  we  should  clearly 
recognize  the  fact  that  the  distinctions  between  Hving  and  non- 
living matter  are  not  essential  and  fundamental  ones,  that  oydee  of 
change  exactly  similar  in  almost  every  respect  to  those  occuning 
in  the  animal  and  vegetable  kingdoms  are  equally  characteristic  of 
the  mineral  kingdom — though  in  the  latter  they  are  more  difficult 
to  follow  on  account  of  the  extreme  slowness  with  which  they  take 
place. 

When  this  great  truth  is  fully  recognized,  the  separation  of  the 
Biological  and  the  Mineralogical  Sciences  will  be  at  an  end,  and 
Mineralogy  will  begin  to  profit  by  that  revolution  in  thought  and  in 
method  which  has  already  done  so  much  for  her  sister  sciences. 

The  temporary  divorce  between  Biology  and  Mineralogy  has 
arisen,  not  from  any  inherent  differences  between  their  aims,  their 
methods,  or  the  objects  of  which  they  treat,  but  from  the  circumstance 
that  while  the  former  has  in  the  last  half- century  advanced  with 
the  stride  of  a  giant,  the  latter  has  during  the  same  period  tot- 
tered on  with  the  feeble  steps  of  infancy.  Mineralogy  is  still  in  the 
"  pupa  stage  "  of  its  development ;  it  is  a  classificatory  science,  with 
its  methods  imperfect,  its  taxonomy  undeveloped,  and  its  Tery 
notation  undefined.  Its  cultivators,  absorbed  in  the  Sisyphean  task 
of  establishing  new  specieaand  varieties,  too  often  treat  their  science, 
with  all  its  glorious  possibjnties,  as  though  it  were  but  akin  to  postaj^e- 
stamp  lore !  f 

How  is  it,  we  may  inrofitably  ask,  that  the  Biological  scienoea 
have  made  such  prodigious  advances,  while  the  Mineralogical  ones 
have  lagged  so  Mi|i||und  ?  We  must  ascribe  the  result,  I  belieye, 
to  two  causes  :—  *^^ 

In  the  first  place,  improvements  in  the  construction  of  the  micro- 
scope, and  more  especially  the  perfectii^  of  methods  of  study  by 
means  of  thin  sections,  have  immeasurably  enlarged  the  biologist's 
field  of  observation ;  Histology'  and  the  cell-theory.  Embryology  with 
all  its  Buggestiveness,  and  many  important  branches  of  Physiological 
research,  must  have  languished,  if,  indeed,  they  ever  saw  the  light, 
but  for  the  aid  afibrded  by  the  microscopical  methods  of  inquiry. 

In  the  second  place,  the  growth  of  Geological  and  Palffiontological 
knowledge  has  been  the  leading  factor  in  that  profound  revolution 
in  Biological  ideas  which,  sweeping  before  it  the  superstition  of  fixity 
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of  species,  has  endowed  this  branch  of  natural  science  with  the 
transforming  conception  of  Evolntion. 

Now  these  two  causes  which  have  done  so  much  for  Biology  are 
already  working  out  the  regeneration  of  Mineralogy ;  and  I  doubt 
not  that  in  due  time  the  fruits  brought  forth  by  the  latter  science 
will  be  equally  satisfactory  with  those  of  the  former. 

The  application  of  the  microscope  to  the  study  of  minerals  has 
proved  less  easy  than  in  the  case  of  animal  and  vegetable  structures. 
More  than  a  century  ago,  it  is  true,  several  French  geologists 
employed  the  method  of  crushing  a  rock,  and  of  picking  out  from  its 
powder  the  several  minerals  of  which  it  was  composed,  for  micro- 
scopic study ;  and  in  1816,  Cordier  endeavoured,  by  systematizing 
the  methods  followed  by  his  predecessors,  Daubenton,  Dolomieu, 
Fleurian,  and  others,  to  elaborate  a  scheme  for  the  mineralogical 
analysis  of  rocks  by  the  aid  of  the  microscope.  In  recent  years  the 
French  geologists,  with  MM.  Fouqu^  and  Michel  L^vy  at  their 
head,  have  shown  how,  by  the  employment  of  the  electro-magnet,  of 
fluids  of  high  density,  and  of  various  chemical  reagents,  this  work 
of  isolating  the  several  minerals  of  a  rock  for  microscopic  study  or 
chemical  analysis  may  be  greatly  facilitated. 

But  the  great  drawback  to  this  method  of  microscopic  study  of 
rocks,  as  devised  in  France,  was  found  in  the  circumstance  that  it 
began  by  destroying  the  rock  as  a  whole,  and  hopelessly  obliterating 
the  relations  of  its  mineralogical  constituents.  Delesse  and  other 
observers,  it  is  true,  succeeded  in  obviating  this  difficulty,  to  some 
extent,  by  studying  the  structure  of  rocks  as  seen  in  polished  surfaces 
under  the  microscope  by  reflected  light     « 

The  greatest  step  in  advance  in  connexipn  with  the  microscopic 
study  of  rocks  was  undoubtedly  made,  however,  when  it  was  shown 
that  transparent  sections  of  minerals,  rocks)||^nd  fossils  can  be 
prepared,  comparable  to  those  so  constantly  employed  by  biologists 
in  their  researches.  William  Nicol,  of  Edinburgh,  was  the  flrst  to 
discover,  in  the  year  1827,  how  the  mechanical  difficulties  in  the 
way  of  the  preparation  of  such  sections  could  be  surmounted ;  while 
Mr.  Sorby,  in  a  memorable  communication  to  this  Society,  in  1858, 
showed  us  the  flrst-fruits  of  the  wonderful  harvest  of  results  to  be 
obtained  by  the  employment  of  this  method. 

But  if  the  birthplace  of  the  one  method  of  microscopic  study  of 
rocks  was  France,  and  of  the  other  Britain,  it  must  be  confessed 
that  a  large  part  of  the  merit  of  developing  and  improving  these 
methods  of  inquiry  is  due  to  the  Germans.    To  the  labours  of  the 
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numerous,  patient,  and  accurate  stadents  in  that  country  must  be 
ascribed  much  of  the  perfection  to  which  the  methods  of  microscopic 
mineralogy  have  now  attained ;  though  we  must  not  forget  in  this 
connexion  many  most  valuable  contributions  to  the  study  from 
Scandinavia,  Holland,  Italy,  and  the  United  States. 

As  in  the  case  of  Bix)logy,  the  results  attained  by  the  geologist 
have  been  the  means  of  awakening  new  interests  and  inspiring  a 
new  philosophy,  so  in  the  case  of  Mineralogy,  other  problems  have 
been  suggested  and  entirely  fresh  conceptions  of  the  scope  of 
the  science  have  followed  from  the  development  of  geological 
thought.  We  are  thus  led  to  regard  minerals,  not  simply  as  a  set 
of  curious  illustrations  of  mathematical  and  chemical  laws^  but  as 
important  factors  in  the  evolution  of  the  globe.  Mineral  collections 
in  the  past  have  resembled  greenhouses,  wherein  only  beautaful, 
though  often  abnormal,  growths  are  admitted ;  but  in  the  future 
they  will  be  like  the  herbaria  of  the  botanists,  where  mere  beauties 
of  form  and  colouring  are  subordinated  to  the  illustration  of  natural 
relationships  and  to  the  elucidation  of  the  great  problems  of  origin 
and  development.  Ear  be  it  from  me  to  undervalue  those  wonder- 
ful crystals,  the  choice  flowers  of  the  mineral  kingdom,  which  adorn 
our  museums ;  but  as  there  are  many  plants  of  extreme  scientific 
interest  which  happen  to  possess  only  inconspicuous  flowers,  so 
there  are  not  a  few  microscopic  minerals,  the  study  of  which  may 
lead  us  to  the  recognition  of  some  of  the  most  important  laws  of  the 
mineral  world. 

I  believe  that  what  Geology  has  already  done  for  Biology  she 
is  now  accomplishing  for  Mineralogy ;  it  may,  indeed,  be  instruc- 
tive to  point  out  how,  in  every  one  of  its  departments,  the 
employment  of  microscopic  methods  and  the  suggestion  of  new  lines 
of  thought  are  causing  Mineralogy  to  develop  in  just  the  same  dire<v 
tions  that  Biology  has  already  taken  before  her.  In  this  way  we 
may  perhaps  best  convince  ourselves  that  Mineralogy  is  once  more 
asserting  her  true  position  in  the  family  of  the  natural  sciences. 

Every  Natural-History  science  presents  us  with  four  distinct  classes 
of  problems.  With  respect  to  the  objects  of  our  study,  we  may 
make  inquiries  concerning  their  forms,  their  actions^  their  relations, 
and  their  origin.  The  answers  to  the  first  class  of  questions  con- 
stitute Morphology,  to  the  second  Physiology,  to  the  third  Chorology 
or  Dittribution,  and  to  the  fourth  JEtiology.  The  great  problems  of. 
the  mineral  world,  as  I  shall  proceed  to  show,  frill  under  precisely 
the  same  categories ;  and  we  may  perhaps  gather  some  useful  hints 
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by  a  comparison  between  the  immature  results  of  the  Mineralogist 
in  each  of  these  departments  and  those  more  perfect  ones  which 
have  been  attained  by  the  Botanist  and  Zoologist. 

The  Morphology  of  minerals  was  for  a  long  time  studied  to  the 
exclusion  of  all  other  branches  of  the  science;  for  the  problems 
connected  with  form  and  structure  were  those  which  naturally  first 
attracted  the  students  of  the  '*  inorganic  "  world. 

Few  gei^eralizations  of  science  are  so  beautiful,  and  at  the  same 
time  so  suggestive,  as  those  which  have  been  arrived  at  by  a  discus- 
sion of  the  accurate  measurements  of  crystal-angles.  The  constancy, 
within  certain  narrow  limits,  of  corresponding  angles,  amid  the 
almost  infinite  diversity  of  form  assumed  by  crystals  of  the  same 
mineral,  is  not  less  striking  than  the  simplicity  of  the  mathematical 
laws  by  which  all  these  varied  forms  can  be  shown  to  be  related  to 
one  another. 

The  actual  forms  assumed  by  crystals  are  often  seen  to  be  the 
result  of  a  struggle  between  opposing  tendencies  in  the  molecules  to 
build  up  diverse  forms.  In  the  growth  of  a  quartz-crystal,  for 
example,  the  tendency  towards  the  termination  of  the  crystal,  by 
the  formation  of  two  rhombohedra,  is  being  continually  overcome 
by  the  opposing  tendency  towards  growth  in  the  direction  of  the 
prism-faces ;  nevertheless  the  marks  of  this  struggle  are  manifested 
in  the  well-known  striae  on  the  prism-faces,  each  of  which  indicates 
the  temporary  ascendancy  of  the  rhombohedral  over  the  prismatic 
bias.  The  tendencies  towards  the  formation  of  the  two  rhombo- 
hedra are  in  turn  seldom  equal  or  able  equally  to  assert  themselves^ 
and  from  this  cause  their  unequal  development  results.  In  addition 
to  these  tendencies,  others  towards  the  formation  of  tetartohedral 
or  other  faces  may  come  into  play,  and  the  almost  infinite  variety 
of  forms  which  may  thus  be  produced  is  well  known  to  every 
Mineralogist. 

But  the  study  of  the  Morphology  of  minerals,  which  cannot  be 
carried  beyond  a  certain  point  by  the  aid  of  the  goniometer,  is 
capable  of  being  pushed  infinitely  further  when  we  investigate  the 
internal  structure  of  their  crystals,  as  illustrated  by  their  optical  and 
other  physical  properties.  Not  only  do  we  find  the  minutest  details 
of  their  external  form  to  be  correlated  with  peculiarities  of  mole- 
cular structure,  as  revealed  by  their  action  on  a  beam  of  polarized 
light,  but  delicate  differences  in  internal  organization  which  the 
goniometer  is  powerless  to  detect  become  clearly  manifested  under 
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the  searching  tests  of  optical  analysis.  For  the  Mineralogist, 
indeed,  the  polariscope  with  its  accessories  has  supplemented  l^e 
goniometer,  in  the  same  way  that  the  spectroscope  has  the  balance 
of  the  Chemist. 

What  has  been  stated  concerning  the  optical  characters  of 
minerals  is  equally  true  of  their  other  physical  properties ;  for 
the  researches  of  recent  years  have  shown  all  these  properties 
to  be  intimately  related  to  the  symmetry  of  the  crystal  in 
which  they  are  displayed.  In  every  crystal,  the  faces  of  each  group 
bearing  the  same  relations  to  its  axes  exhibit  characteristic  pecu- 
liarities in  their  lustre,  in  their  hardness,  and  in  the  manner  in  which, 
they  are  acted  upon  by  solvents ;  and  these  serve  to  distinguish  such 
groups  of  faces  from  others  in  the  same  crystal  having  different 
relations  to  its  axes.  The  elasticity  of  crystals,  their  power  of 
conducting  heat  and  electricity,  and  their  phosphorescent,  electric,  or 
magnetic  properties,  whether  natural  or  induced,  are  all  manifested 
in  varying  degrees  along  certain  directions  which  can  be  shown  to 
be  related  to  the  particular  symmetry  of  the  crystal. 

The  more  carefully  we  study  both  the  forms  and  the  physical 
properties  of  minerals,  the  more  are  we  impressed  by  the  conviction 
that  the  most  intimate  relations  exist  between  these  characters  and 
the  chemical  composition  of  the  minerals.  The  phenomenon  of 
^'  plesiomorphism,"  as  Miller  proposed  to  call  it,  that  is  the  slight 
variation  in  the  angular  measurements  of  crystals  in  the  same 
species  or  group,  when  any  of  the  constituents  are  replaced  by 
vicarious  or  isomorphous  representatives,  very  strikingly  illustrates 
this  conclusion.  And  the  exact  study  of  the  optical  properties  of 
minerals  shows  that  the  slightest  variation  in  the  relative  proportions 
of  these  vicarious  constituents  makes  its  influence  felt  by  changes 
in  their  colour,  in  their  pleochroism,  in  the  nature  and  amount  of 
their  double  refraction,  in  the  position  of  their  optic  axes,  and, 
indeed,  in  the  whole  assemblage  of  the  properties  of  the  crystal. 

To  the  admirable  investigations  of  Tschermak  on  the  felspars,  the 
amphiboles  and  pyroxenes,  the  micas,  and  other  groups  of  minerals 
we  are  largely  indebted  for  the  establishment  of  this  conclusion ; 
while  Doelter,  Max  Schuster,  and  other  mineralogists  have  contri- 
buted many  striking  observations  which  serve  to  extend  and  fortify  it. 

The  application  of  the  microscope  to  the  study  of  the  internal 
structure  of  minerals — their  Histology — ^has  led  to  the  recognition  of 
many  beautiful  and  unsuspected  phenomena.  Studied  in  this  way, 
the  seemingly  homogeneous  masses  exhibit  many  interesting  inter- 
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-growths  and  enclosures ;  and  the  study  of  these,  as  shown  hy  Sorby 
Vogelsang,  Eenard,  and  Noel  Hartley,  may  serve  to  throw  new  and 
important  light  upon  the  conditions  under  which  the  crystals  were 
originally  developed.  Cavities  containing  carbonic  acid  and  other 
liquids,  with  bubbles  in  constant  and,  seemingly,  spontaneous  move- 
ment, serve  to  awaken  the  interest  of  the  naturalist  not  less  power- 
fully than  the  mysterious  creeping  of  protoplasm  in  the  hair  of  a 
nettle,  or  the  dance  of  b^lood-corpuscles  in  the  foot  of  a  frog ! 

Others  among  these  histological  peculiarities  of  crystals  must  be 
regarded  as  having  a  pathological  significance ;  they  are  abnoimal 
developments  resulting  from  unfavourable  conditions  to  which  the 
crystals  may  have  been  subjected  during  their  growth,  or  in  the 
course  of  their  long  and  checkered  existence. 

The  variability  exhibited  in  crystals  of  the  same  mineral  is  some- 
times very  startling.  In  addition  to  the  varieties  due  to  the 
combinations  of  many  different  forms,  or  to  the  excessive  development 
of  certain  faces  at  the  expense  of  others,  we  have  the  complicated 
and  diversified  structures  built  up  by  twinning  according  to  different 
laws.  Again,  by  oscillatory  tendencies  in  the  same  crystal  towards 
the  assumption  of  different  forms,  or  by  the  existence  of  causes 
calculated  to  interfere  with  the  free  action  of  the  crystallizing 
forces,  we  may  obtain  varieties  with  curiously  striated  or  curved  faces. 
Not  unfrequently  large  quantities  of  extraneous  materials,  solid, 
liquid,  or  gaseous,  may  be  caught  up  in  the  crystal  during  its 
growth,  and  these  foreign  substances  may  be  so  far  affected  by  the 
polar  forces  operating  around  them  as  to  be  made  to  assume  definite 
and  symmetrical  positions  within  the  crystal. 

Even  in  the  case  of  minerals  of  identical  chemical  composition  and 
similar  crystalline  form,  marked  variations  in  physical  properties 
may  result  from  differences  in  the  conditions  under  which  they  have 
originated.  In  lustre,  density,  and  other  characters,  Adularia  differs 
from  Sanidine,  and  ElsBolite  from  Nepheline.  Br.  Arthur  Becker 
has  shown  that  Quartz  exhibits  marked  variations  in  its  specific 
gravity,  according  to  the  particular  conditions  under  which  it  has 
been  formed. 

There  is  one  kind  of  morphological  variability  in  minerals  which 
has  during  recent  years  attracted  a  great  amount  of  attention,  and 
excited  much  discussion  among  Mineralogists.  Soon  after  his 
memorable  discovery  of  the  relations  between  the  crystalline  forms  of 
minerals  and  their  optical  properties,  Brewster  detected  certain  appa- 
rent exceptions  to  his  important  generalization ;  and  since  his  day 
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many  additions  to  these  curious  anomalies  in  the  optical  behaviour 
of  minerals  have  been  made  by  other  observers.  So  greatly,  indeed, 
have  these  been  multiplied  in  recent  years,  that  it  is  doubtful  if  any 
mineral  crystallizing  in  the  Cubic,  the  Tetragonal,  or  the  Hexagonal 
system  could  be  cited  in  which  the  optical  properties  are  precisely 
what  they  ought  to  be  according  to  theory ;  and  similar  anomalieft 
are  also  found  in  crystals  possessing  lower  degrees  of  symmetry. 

The  attempts  which  have  been  made  by  some  crystallographers  to 
account  for  these  optical  anomalies  in  crystals,  by  assuming  that 
they  possess  only  a  pseudosymmetry,  the  result  of  very  complicated 
twinning,  ingenious  as  they  undoubtedly  are,  remind  one  of  the 
wonderful  addition  of  eccentrics  and  epicycles  by  which  astronomers 
so  long  sought  to  maintain  the  credit  of  the  Ptolemaic  theory.  But 
as  in  the  latter  case  complexities  and  difSculties  alike  vanished  when 
the  centre  of  the  system  was  shifted  from  the  earth  to  the  sun,  so 
have  the  discoveries  of  Klein  and  Eosenbusch  removed  the  necessity 
for  the  painfully  elaborate  crystallographic  hypotheses  to  which  I 
have  referred. 

.  Most  mineralogists  will  now  be  prepared  to  admit,  as  the  result 
of  these  researches,  that  the  perfection  alike  of  form  and  of  optical 
properties  which  may  characterize  a  crystal  when  first  formed,  i& 
liable  to  slight  modification,  as  the  conditions  of  temperature  and 
pressure  under  which  it  exists  vary.  In  consequence  of  this,  aLmost 
all  natural  crystals  are  found,  when  we  study  them  with  sufficient 
care,  to  exhibit  slight  but  very  striking  and  significant  differences  in 
form  and  optical  behaviour  from  what  they  ought  theoretically  to 


While  our  knowledge  of  the  ordinary  mineral  varieties  promises 
to  be  vastly  extended  by  the  improvements  which  have  been  made  in 
the  methods  of  optical  and  chemical  diagnosis  under  the  microscope,, 
there  is  nevertheless,  at  the  same  time,  reason  to  hope  that  the 
relationship  of  these  numerous  varieties  will,  by  the  same  means,  be 
made  more  distinctly  apparent.  As  the  existence  of  well-ddined 
natural  groups  of  minerals  becomes  more  clearly  established^  through 
the  study  of  interesting  though  inconspicuous  links,  we  shall  obtain 
a  basis  for  a  much-needed  reform  in  Mineral  Taxonomy  and  Nomen- 
clature. 

The  more  carefully  we  pursue  our  researches  among  the  diversified 
forms  of  the  minernl  world,  the  more  are  we  impressed  by  the  con- 
viction that  each  mineral,  like  each  plant  or  animal,  possesses 
its  own  individuality.      Nature  does  not  make  facsimiles  in  the 
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mineral,  any  more  than  in  the  vegetable  or  the  animal  kingdoms. 
All  the  sciences  of  nature  must  be  content  to  recognize  individoals 
as  the  only  real  entities,  and  to  accept  species,  like  genera,  families « 
and  orders,  as  convenient  but  purely  artificial  conceptions. 

The  geological  study  of  minerals  leads  us  to  regard  each  specimen 
that  we  examine  as  possessing  a  distinguishing  combination  of 
properties,  some  of  which  are  impressed  upon  it  by  causes  operating 
when  it  came  into  being,  while  others  are  no  less  clearly  the  result 
of  the  long  series  of  vicissitudes  through  which  it  has  since  passed. 

Of  all  the  branches  of  Mineral  Morphology  there  is  none  from 
the  study  of  which  the  geologist  has  gained  more  in  the  past,  or 
from  which  he  has  greater  reason  to  look  for  future  aid,  than  that 
of  the  Embryology  of  crystals. 

In  the  year  1840  Link  showed  that  the  first  step  in  the  formation 

crystals  in  a  solution  consists  in  the  separation  of  minute  spherules 
of  supersaturated  liquid  in  the  mass  ;  and  subsequently  Harting  in 
Holland,  and  Rainey  and  Ord  in  this  country,  obtained  a  number 
of  interesting  experimental  results,  by  allowing  crystallization  to 
take  place  slowly  in  mixtures  of  crystalloids  and  colloids. 

Valuable  contributions  to  the  same  subject  were  made  by  Prank- 
heim,  Leydolt,  and  others  ;  but  it  is  to  Hermann  Vogelsang  that  we 
owe  the  greatest  and  most  important  contributions  to  Mineral 
Embryology.  By  the  ingenious  device  of  adding  viscous  substances 
to  solutions  in  which  crystallization  was  going  on,  he  succeeded  in 
so  far  retarding  the  rate  at  which  the  operation  took  place,  as  to  be 
able  to  study  its  several  stages.  He  thus  showed  how  the  minute 
'^  globulites  *^  gathering  themselves  into  nebulous  masses,  or  ranging 
themselves  according  to  mathematical  laws,  gradually  build  up 
skeleton-crystals,  by  the  clothing  of  which  the  perfect  structures 
arise. 

Since  the  early  and  regretted  death  of  Vogelsang,  the  subject  of 
the  development  of  cr}'stals  from  their  embryos,  the  so-called  crys- 
talUteSf  has  been  successfully  prosecuted  by  Behrens,  Otto  Lehman u, 
Wichmann,  and  other  investigators. 

Now  in  all  glasses — whether  of  natural  or  artificial  origin — in 
which  the  process  of  primary  devitrification  is  going  on,  we  have 
examples  of  the  growth  of  crystals  in  a  viscous  and  retarding  mass, 
and  in  these,  as  Leydolt,  Zirkel,  and  Vogelsang  clearly  saw,  admir- 
able opportunities  are  afforded  to  us  for  studying  the  formation  of 
crystallites,  and  the  laws  which  govern  the  union  and  growth  of 
these  into  crystals.     Two  years  ago,  my  predecessor  in  this  Chair 
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Bubmitted  to  you  the  interesting  results  of  his  own  researches  upon 
the  dentrification  of  artificial  glasses  and  slags ;  and  the  subject 
has  since  been  pursued  by  Yelain  in  Prance,  and  by  Hermann  and 
Butley  in  this  country. 

The  igneous  rocks  supply  us  with  admirable  opportunities  for 
studying  Mineral  Embryology.  In  the  same  rock-mass  we  may 
sometimes  find  every  possible  gradation,  from  an  almost  perfect  glass 
to  a  holocrystalline  aggregate.  By  the  study  with  the  microscope 
of  the  several  transitions  in  different  parts  of  the  mass,  we  obtain 
data  for  the  most  important  conclusions  concerning  the  phenomena 
of  crystal-dcTelopment. 

There  is  another  line  of  research  in  connexion  with  Mineral- 
Embryology,  which  appears  to  be  full  of  promise,  and  which  has  not 
yet  received  all  the  attention  it  deserves.  In  the  '*  contact-zones  " 
around  great  igneous  intrusions,  we  find  the  curious  so-called 
*'  spotted  slates,"  which  under  the  microscope  are  seen  to  contain 
nebulous  patches,  the  mere  ghostly  presentments  of  crystals,  strug- 
gling into  being  in  the  amorphous  mass.  The  development  of  these 
nebulous  masses  into  perfect  crystals,  exhibiting  the  characteristic 
external  forms  and  optical  properties  of  andalusite  and  cyanite,  of 
garnet  and  epidote,  of  hornblende  and  mica,  may  be  traced  in  some 
cases  with  the  greatest  facility. 

More  complicated  still  are  the  phenomena  exhibited  along  the 
foliation-planes  of  the  rocks,  which  have  been  made  to  flow  in  the 
act  of  mountain-making.  There,  sjb  the  old  minerals  are  destroyed, 
new  ones  build  themselves  up  from  their  elements.  The  study  of 
all  the  steps  of  this  process  is  an  undoubtedly  difficult  one ;  but  the 
results  already  obtained  by  Eeusch,  Lessen,  Heim,  and  Lehmann,  by 
Lapworth,  Teall,  Boland  Irving,  and  Williams,  lead  us  to  look  hope- 
fully forward  to  the  full  solution  of  the  grand  but  complicated 
problems  of  regional  metamorphism. 

The  field  of  Mineral-Embryology  is  indeed  a  promising  one,  and 
its  diligent  cultivators  may  hope  to  gather  a  harvest  no  less  rich 
than  that  which  has  been  reaped  by  the  workers  in  the  same  depart- 
ment of  the  Biological  Sciences. 

Let  us  now  turn  from  the  statical  aspect  of  minerals,  their 
Morphology,  to  the  dynamical  aspects,  their  Physiology. 

Minerals  are  not  fixed  and  unchangeable  entities,  as  they  are 
sometimes  considered.  On  the  contrary,  they  exhibit  vatying 
degrees  of  instability,  and  pass  through  very  definite  series  of 
metamorphoses. 
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We  have  already  seen  that  every  alteration  in  the  temperature  or 
other  conditions  which  surround  a  crystal  leads  to  striking  modifi- 
cations of  molecular  structure,  which  are  at  once  revealed  by  the 
delicate  tests  of  optical  analysis.  So  sensitive,  indeed,  are  some 
crystals  to  the  action  of  external  forces,  that  even  the  passage  of  the 
light-waves  through  their  substance  leads  to  permanent  molecular 
rearrangements  which  are  evidenced  by  marked  changes  in  colour, 
translucency,  and  other  properties. 

Many  minerals  have  their  atoms  so  arranged  that  the  action  of 
external  forces  causes  them  to  fall  readily  into  new  combinations.  In 
this  way  we  have  brought  about  such  paramorphic  changes  as  that 
of  aragonite  into  calcite,  and  augite  into  hornblende.  Excessively 
slight  manifestations  of  force  are  sometimes  sufficient  to  induce 
these  paramorphic  changes. 

But  the  most  significant  feict  of  all  is  that  every  crystal  possesses 
certain  peculiarities  of  molecular  structure,  and  as  the  result  of  this 
internal  '^  organization  "  it  responds  in  a  definite  manner  to  the  action 
of  various  external  forces,  undergoing  in  this  way  weU-marked 
series  of  physical  and  chemical  changes  without  losing  its  identity. 
As  the  final  result  of  such  successive  changes,  however,  the 
bonds  which  hold  the  ^'  organized  "  structures  together  are  gradually 
weakened,  and  at  last  break  down  altogether.  In  this  way  the 
separate  existence  of  the  mineral  comes  to  an  end ;  but  the  materials 
of  which  it  was  composed,  resolving  themselves  into  new  compounds, 
may  go  to  build  up  the  substance  of  other  '^  organized  "  structures. 
Need  I  point  out  that  in  all  these  respects  minerals  behave  exactly 
like  plants  and  animals  ? 

But  in  the  case  of  plants  and  animals  changes  such  as  these, 
which  are  the  direct  outcome  of  external  forces  acting  on  a  special 
organization,  are  called  Physiological,  and  I  know  of  no  valid  reason 
why  the  same  term  should  not  be  employed  in  the  case  of  minerals. 
It  is  true  that  the  accomplishment  of  the  cycles  of  change  in 
minerals  often  requires  periods  of  time  of  enormous  duration,  and 
that  during  incalculabie  intervals  they  may  appear  to  be  wholly 
suspended ;  but  in  these  respects  the  "  life  "  of  a  mineral  difiers  from 
that  of  a  plant  in  just  the  same  manner  as  the  latter  does  from  the 
life  of  an  animal. 

I  must  ask  your  attention  for  a  few  moments  to  these  peculiarities 
of  internal  organization  in  minerals,  and  to  the  way  in  which  the 
various  physical  and  chemical  forces  act  and  react  upon  them  in  con- 
sequence of  their  special  organization. 
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Recent  researches  have  shown  that  every  crystal  possesses  a 
number  of  planes,  all  of  which  are  related  to  its  peculiar  efymmetry, 
along  which  the  several  physical  forces  operate  in  a  marked  maimer 
to  produce  changes  in  the  physical  and  chemical  properties  of  the 
crystal.  These  planes  have  been  called  the  '*  structure-planes  "  of 
the  crystaL 

By  fiEu:  the  most  obvious  of  these  structure-planes  of  Grystals 
are  those  of  cleavage.  When  crystals  are  subjected  to  the 
action  of  mechanical  force  they  break  up  along  one,  two,  or  three 
definite  planes,  with  varying  degrees  of  ease.  In  some  cases 
when  this  separation  cannot  be  readily  effected  by  percussion  or 
pressure,  it  may  be  brought  about  by  the  unequal  expansion  and 
contraction  in  a  crystal  resulting  from  alternate  heating  and  cooling. 
We  cannot  arrive  at  the  limit  of  this  liability  of  a  crystal  to 
separate  along  its  cleavage-planes ;  if  we  powder  a  calcite-crjstal 
and  examine  the  fine  dust  under  a  microscope,  each  minute  grain 
will  be  seen  to  have  the  form  of  a  cleavage-rhomb  ! 

Now  the  exquisite  molecular  structure  of  a  crystal,  of  which 
this  wonderful  property  of  cleavage  is  the  outcome,  is  borne 
witness  to,  not  only  by  the  perfection  of  the  cleavage-surfaces — 
presenting,  as  they  do,  a  lustre  which  no  artificial  polish  can  imi- 
tate— but  by  the  fact  that  each  particular  set  of  cleavage-surfaces 
presents  definite  characteristics,  analogous  to  those  seen  in  the 
actual  faces  of  crystals.  Each  exhibits  striking  peculiarities  in  its 
mode  of  reflecting  light ;  each  yields  in  varying  degrees  to  a  hard 
point  drawn  across  it  in  different  directions ;  and  each,  when  treated 
with  appropriate  solvents,  is  attacked  in  a  characteristic  fashion, 
giving  rise  to  the  geometrical  forms  known  as  the  etched-figures. 
Wonderful  as  these  cleavage-surfaces  are,  however,  it  must  be  re- 
membered that  the  power  of  cleavage  is  one  that,  under  ordinary 
circumstances,  remains  altogether  latent  in  crystals. 

Cleavage-planes,  however,  are  not  the  only  latent  structure-planes 
in  crystals.  Long  ago  it  was  shown  by  Brewster,  Beusch,  and 
Pfaff  that  when  minerals  are  subjected  to  pressure  in  certain  direc- 
tions, their  molecules  appear  to  glide  over  one  another  along  certain 
definite  planes  within  the  crystal ;  and  if  we  examine  optically  a 
crystal  which  has  been  treated  in  this  manner,  it  is  actually  found 
to  exhibit  a  series  of  twin -lamellae  arranged  parallel  to  the  so-called 
^*  gliding-planes."  It  thus  appears  that  in  the  movements  set  up 
within  a  crystal  by  the  application  of  force  from  without,  certain  of 
the  molecules  of  which  the  crystal  is  built  up,  lying  in  bands 
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parallel  to  the  gliding^plane,  are  actaally  made  to  rotate  through  an 
Angle  of  180°. 

At  one  time  these  *^  gliding-planes "  were  regarded  as  being 
peculiar  to  a  few  minerals,  such  as  oalcite  and  rock-salt ;  but  the 
investigations  of  Erankenheim,  Baumhauer,  Foerstner,  and  especially 
of  Miigge,  have  shown  that  they  exist  in  crystals  b^onging  to  every 
group  in  the  mineral  kingdom,  including  all  those  minerals  which 
occur  as  common  rock-forming  constituents,  such  as  the  felspars  and 
pyroxenes. 

As  is  the  case  with  the  cleavage-planes,  so  with  the  gliding- 
planes,  there  may  exist  one,  two,  or  three  in  the  same  crystal. 
One  of  these  is  usually  a  principal  gliding-plane — ^the  slipping 
movement  with  its  accompanying  twin-lamellaa  being  produced 
parallel  to  it  with  the  greatest  facility — while  the  others  are  sub- 
ordinate ones. 

Strange  to  say,  however,  the  particular  gliding-plane  along  which 
a  crystal  yields  appears  to  be  determined,  not  only  by  the  direction 
in  which  the  force  is  applied,  but  to  some  extent  also  by  the  nature 
of  that  force,  whether  percussive,  or  a  sustained  pressure,  or  a 
violent  stress ;  in  some  cases  where  the  application  of  external 
force  fails  to  produce  the  gliding  movement  with  its  accompanying 
lamellar  twinning,  it  may  be  induced  by  the  strains  which  result 
from  unequal  expansion  and  contraction  during  the  heating  and 
oooling  of  a  crystal.  Some  mineralogists  have,  indeed,  proposed 
to  apply  distinctive  names  to  the  results  whidi  follow  from  the 
application  of  different  kinds  of  force — whether  a  blow  (JSchlag- 
fiffuren),  pressure  (Eeissjlaehen)^  or  the  effect  of  heating  and  ooolipg 
(  CwUraetionsruse). 

The  gliding-planes  of  crystals  are  quite  distinct  from  the  elearage- 
planes,  though  some  very  curious  and  interesting  relations  have,  in 
certain  cases,  been  shown  to  exist  between  them.  That  the  arti- 
ficial formation  of  twin-lamellaB,  like  the  production  of  deava^, 
is  rendered  possible  by  complicated  molecular  structures,  it  is 
scarcely  necessary  to  point  out.  The  application  of  external  foroe 
to  such  crystals  is  like  the  putting  of  a  spark  to  a  train  of  gunpowder; 
.the  molecules  lying  in  parallel  bands  are  in  unstable  equilibrium, 
ready,  so  soon  as  set  in  motion,  to  roll  through  an  angle  of  180^ 

There  is  still  a  third  and  even  more  subtle  set  of  structure-planes 
in  crystals  to  which  I  must  now  allude,  those,  namely,  for  whieh 
Jbhe  name  of  salutionrplanes  has  been  proposed. 

It  was  long  ago  shown  by  Daniell  that  when  crystals  are  exposed 


Digitized  by  LjOOQ IC 


72  PBOCXEDIKGS  OF  THB  QEOLOeiCAL  SOCIBTT. 

to  the  action  of  solvents,  they  are  attacked  in  snch  a  manner  as  to^ 
give  rise  to  peculiar  geometrical  forms.  The  snbject  has  been 
followed  np  by  Baumhauer,  Leydolt,  Becke,  and  others,  who  have 
shown  what  a  wonderful  variety  of  "  etched-figures "  may  be 
produced  by  operating  upon  the  various  faces  and  cleavage-surfaces 
of  diiferent  crystals. 

Quite  recently,  however,  it  has  been  shown  by  Yon  Ebner,  as  the 
result  of  his  studies  of  calcite  and  aragonite,  that  all  the  complicated 
phenomena  of  the  etched  figures  arise  from  the  existence  of  planes 
along  which  solvent  or  chemical  action  takes  place  most  readily 
within  a  crystal.  It  thus  appears  that  these  complicated  etched 
figures,  with  their  curved  and  striated  surfaces,  are  indications  of 
the  combination  or  oscillation  of  tendencies  to  chemical  action  along 
the  different  solvent-planes  of  the  crystal. 

My  own  experiments  have  enabled  me  to  show  that  the  chemical 
action  taking  place  along  the  solution-planes  of  crystals  leads  to  the 
development  of  cavities,  often  assuming  the  forms  of  negative  cryatalsr 
which  may  become  wholly  or  partially  filled  with  the  producta  of 
the  chemical  action. 

Although  the  solution-planes  are  quite  distinct,  both  from  the 
gliding-planes  and  the  cleavage-planes  of  crystals,  I  have  been  able 
to  show  that  some  curious  and  interesting  relations  exist  between 
them.  If  lamellar  twinning  has  been  already  developed  in  a 
orystal,  then  chemical  action  takes  place  along  the  gliding-planes  in 
preference  to  the  normal  solution-planes. 

It  is  only  when  we  study  the  minerals  building  up  the  rock-masses 
of  the  globe  that  we  fully  realize  the  importance  of  these  molecular 
stmotures,  and  the  wonderful  changes  which  crystals  are  capable  of 
undergoiug,  as  a  consequence  of  their  internal  '*  organization." 
Then,  and  then  only,  do  we  begin  to  understand  the  significance 
and  the  fEur-reaching  consequences  of  the  physiological  changes  of 
which  minerals  are  susceptible. 

The  crystals  forming  the  rock-masses  of  the  globe  have  been 
subjected  to  every  variety  of  mechanical  force — ^violent  fracture, 
long-continued  straiu,  steady  but  enormous  pressure — ^prolonged 
over  vast  intervals  of  time,  to  which  must  be  added  the  potent  effects 
of  alternate  heatmg  and  cooling.  Such  crystals,  moreover,  are  trans- 
fused through  their  whole  substance  by  various  liquids  and  gases 
acting  under  tremendous,  and  sometimes  varying,  pressures. 

Under  such  circumstances  it  is  not  surprising  to  find  that  the- 
erystals  have  often  yielded  along  their  deavage-planes,   and  that 
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oleavage-cracks  have  been  piodnced.  These,  by  affording  a  ready 
channel  for  the  passage  of  solyents,  not  nnfrequently  determine 
the  course  of  yarious  chemical  operations  going  on  within  the 
crystal. 

Not  unfreqaently,  too,  the  rock-forming  minerals  have  yielded 
along  their  gliding-planes,  and  the  development  in  them  of  twin- 
lamellie  is  the  result.  Every  crystal  of  calcite  in  an  ordinary  meta- 
morphic  limestone,  and  many  of  the  plagioclase  felspars  in  igneous 
rocks,  exhibit  the  secondary  lamellar  twinning  which  has  arisen 
from  the  action  of  mechanical  forces  upon  the  mass*.  The 
microdine  structure  in  orthoclases,  with  many  other  similar  struc- 
tures in  other  minerals,  must  almost  certainly  be  ascribed  to  the 
same  cause. 

StiU  more  remarkable  are  the  consequences  which  follow  from 
the  existence  of  the  solution-planes  in  crystals.  By  the  action  of 
various  solvents  under  pressure,  augite  is  made  to  assume  the  forms 
known  as  diallage  and  pseudo-hypersthene,  and  ferriferous  enstatite 
of  bronzite  or  hypersthene,  while  the  felspars  acquire  their  avanturine, 
schiller,  and  chatoyant  phenomena.  When,  in  addition  to  the  statical 
pressures  due  to  thousands  of  feet  of  superincumbent  rocks,  these 
solvent  agencies  work  with  those  tremendous  dynamical  aids  afforded 
by  deforming  stresses,  such  as  make  the  rocks  to  flow  during 
mountain-making,  it  is  not  surprising  to  find  the  molecules  of  the 
coriginal  crystals  breeiking  from  their  old  allegiances,  and  the 
liberated  atoms  uniting  to  form  new  minerals,  the  position  of  which 
is  determined  by  the  lines  of  flow  in  the  mass. 

Not  a  few  of  our  gems  owe  their  exquisite  beauty  to  these 

*  It  has  often  been  asserted  that  the  *'  striation  "  on  the  &oe8  or  deavage- 
Borfaces  of  crj'stals  is  an  indication  of  the  existence  of  polysynthetic  twinning. 
In  the  oligoelase  of  Ytterby  and  other  localities,  howoYer,  I  haye  found  that 
many  crystals  which  exhibit  striation  do  not  affect  polarized  light  differently 
in  the  alternate  strife ;  but  on  submitting  the  crystals  to  alternate  heating  and 
cooling,  and  sometimes  by  percussiye  force,  the  twinning  may  be  easily  deyeloped 
in  them.  It  appears  from  these  observations  that  the  crystals  are  built  up  of 
UunellsB,  in  which  the  molecules  are  alternately  in  stable  and  unstable  equili- 
brium. I  have  in  some  cases  found  that  the  stresses  upon  a  slice  of  felspar 
which  is  being  heated  and  cooled  and  then  ground  into  a  thin  section,  while 
cemented  to  a  glass  plate  during  the  preparation  of  a  microscopic  slide,  are 
sufficient  to  cause  the  rotation  of  the  molecules^n  the  alternate  lameUse.  In 
some  cases,  I  have  no  doubt  that  twin-Iamellation,  like  deayage-cracks,  may  be 
induced  in  the  crystals  of  our  rock-sections  during  the  processes  to  which  they 
are  submitted  in  their  preparation. 
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physiological  changes  which  have  taken  place  in  them  since  their 
first  formation.  The  ardent  glow  of  the  Sunstone  and  the  pale 
watery  gleam  of  the  Moonstone,  no  less  than  the  lovely  play  of 
aznre  tints  in  Lahrador-spar  and  the  bronzy  sheen  of  Paulite,  are 
the  result  of  physiological  processes  ^taking  place  in  crystals  which 
were  originally  clear  and  translacent.  In  the  profound  laboratories 
of  onr  earth's  crust  slow  physical  and  chemical  operations,  resulting 
from  the  interaction  between  the  crystal,  with  its  wonderful  mole- 
cular structure,  and  the  external  agencies  which  environ  it,  have 
given  rise  to  new  structures,  too  minute,  it  may  be,  to  be  traced  by 
onr  microscopes,  but  capable  of  so  playing  with  the  light-waves  as 
to  startle  us  with  new  beauties,  and  to  add  another  to 

**  The  fairy  tales  of  science,  and  the  long  results  of  time." 

Yes!  minerals  all  have  a  life^history,  one  which  is  in  part 
determined  by  their  original  constitution,  and  in  part  by  the  long  series 
of  slowly  varying  conditions  to  which  they  have  since  been  subjected. 
In  spite  of  the  circumstance  that  their  cycles  of  change  have 
extended  over  periods  measured  by  millions  of  years,  the  nature  of 
their  metamorphoses  and  the  processes  by  which  these  have  been 
brought  about  are,  in  all  essential  respects,  analogous  to  those  which 
take  place  in  a  Sequoia  or  a  butterfly.  In  spite,  too,  of  the 
limitations  placed  upon  us  by  our  brief  existeDce  on  the  globe,  it  is 
ours  to  follow  in  all  its  complicated  sequence  this  procession  of 
events,  to  discover  the  delicate  organization  in  which  they  originate, 
to  determine  the  varied  conditions  by  which  they  have  been  con- 
trolled, and  to  assign  to  elu^h  of  them  the  part  which  it  has  played 
in  the  wonderful  history  of  our  globe  during  the  countless  ages  of 
the  past. 

The  subject  of  Distribution,  or  Chorolog}',  is  one  of  no  less  import- 
ance in  the  study  of  the  mineral  than  in  that  of  the  vegetable  and 
animal  kingdoms.  The  relations  of  minerals  to  one  another,  and 
the  manner  in  which  they  make  their  appearance  in  respect  both  to 
time  and  place,  constitute  a  most  instructive  and  suggestive  field  of 
research. 

The  older  mineralogists  paid  some  attention  to  the  question  of  the 
mode  of  association  of  #iinerals  with  one  another,  which  they 
described  under  the  term  *'  Paragenesis."  But  this  was  at  a  time 
when  only  large  and  freely  crystallized  specimens  received  much 
attention.    At  the  present  day  this  question  of  the  varied  distrn 
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bution  of  minerals  in  space  and  time,  and  the  manner  in  which  they 
are  associated  with  one  another  to  build  up  rock-masses,  constitutes 
a  most  important  branch  of  our  science,  that  to  which  the  name  of 
Petrology  is  given. 

Under  the  name  of  '*  Petrography  "  an  attempt  has  been  made  to 
establish  a  branch  of  Natural-History  science  which  shall  bear  the 
same  relation  to  Mineralogy  as  that  science  does  to  Chemistry.  As 
minerals  are  formed  by  the  union  of  certain  chemical  compounds,  so 
rocks,  it  is  argued,  may  be  regarded  as  being  built  up  of  different 
minerals.  But  it  must  be  remembered  that  while  minerals  possess 
a  distinct  individuality — the  result  of  their  different  chemical  con- 
stitution and  their  characteristic  crystallographic  form — we  are 
quite  unable  to  point  to  anything  analogous  to  these  in  the  case  of 
rocks. 

How  is  a  rock-  '*  species ''  to  be  defined  ?  It  is  not  enough  to  state 
its  ultimate  chemical  composition;  for  rocks  of  the  most  varied 
character  and  origin  may  agree  in  tlys  respect.  Equally  futile 
is  it  to  take  miueralogical  constitution  as  the  basis  of  our  classifi- 
cation ;  for,  in  the  same  rock-mass,  the  species  of  minerals  which 
are  present  and  their  proportions  to  one  another  may,  and,  indeed, 
often  do,  vary  from  point  to  point.  Nor  does  minute  structure, 
though  affording  admirable  criteria  for  distinguishing  certain  ty;pe8  of 
rock,  supply  a  sufficiently  definite  means  of  diagnosis  for  all  the 
different  varieties  which  occur.  A  system  of  "lithology"  may, 
indeed,  be  devised,  if  we  confine  our  attention  to  the  hand-specimens 
in  our  museums ;  but  it  breaks  down  the  moment  that  we  attempt 
to  apply  it  in  our  researches  in  the  field. 

I  have  long  felt  assured  that  all  attempts  at  a  nomenclature  and 
classification  of  rocks  must,  for  the  reasons  just  stated,  be  regarded 
as  tentative  and  provisional  only ;  but  the  careful  study  of  rocks  is 
nevertheless  bringing  to  light  a  number  of  facts  calculated  to  pro- 
foundly modify  miueralogical  no  less  than  geological  thought  and 
speculation. 

Petrology  forms  the  link  between  Mineralogy  and  Geology,  just  as 
Palaeontology  does  between  Biology  and  Geology.  Mineralogy  has 
justly  been  styled  the  alphabet  of  Petrology ;  but  if  the  orthography 
and  etymology  of  the  language  of  rocks  lie  in  the  province  of  the 
Mineralogist,  its  syntax  and  prosody  belong  to  the  realm  of  the 
Geologist.  In  that  language,  of  which  the  letters  are  mineral 
species  and  the  words  are  rock-types,  I  am  persuaded  that  there  is 
written  for  us  the  whole  story  of  terrestrial  evolution. 
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Petrology,  it  is  clear,  could  make  but  little  progress  nntU  tiie 
improYement  of  microscopic  methods  enabled  ns  to  make  accurate 
determinations  of  the  minerals  in  a  rock,  even  when  these  are 
present  as  the  most  minute  particles.  The  characteristic  peculiarities 
of  the  different  rock-forming  minerals,  so  carefully  studied  hj 
Zirkel,  their  accurate  optical  diagnosis,  at  which  Bosenbusch  has 
laboured  with  so  much  success,  supplemented  by  the  micro-ehemical 
methods  of  Enop,  BofickV,  Strong,  and  Behrens,  and  the  pyro- 
chemical  method  of  Szabo,  have  already  done  much  to  render  exact 
our  methods  of  recognizing  the  minerals  in  a  rock.  The  contri- 
vances, for  which  we  are  principally  indebted  to  the  French 
petrographers,  for  effecting  the  isolation  of  the  minerals  in  rodcs, 
so  that  they  may  be  submitted  to  accurate  chemical  analysis,  enable 
us  in  cases  of  difficulty  or  doubt  to  confirm  or  check  the  results  of  our 
microscopic  studies. 

But  there  is  at  present  perhaps  a  tendency  to  confound  the  end 
with  the  means  in  such  restarches  as  these.  When  all  the  varieties 
of  minerals  in  a  rock  have  been  correctly  identified,  the  work  of  the 
Petrologist  is  not  ended  ;  on  the  contrary,  it  is  only  just  begun. 

The  relationship  of  the  several  minerals  in  a  rock  to  one  another 
the  discrimination  between  such  as  are  original  and  those  of 
secondary  origin,  and  the  recognition  among  the  former  of  the 
essential,  as  distinguished  from  those  that  are  accessory  or  accidental, 
— these  are  problems  of  even  greater  importance  than  the  exact 
determination  of  the  species  or  varieties  to  which  each  belongs.  In 
not  a  few  rocks  it  can  be  demonstrated  that  every  one  of  its  present 
mineral  constituents  is  different  from  those  of  which  it  was  originaUy 
made  up ;  in  some  cases,  indeed,  it  may  be  shown  that  the  recombi- 
nation of  the  elements  of  the  rock  into  fresh  mineral  aggregates  has 
taken  place  again  and  again.  As  well  might  we  try  to  give  a 
rational  account  of  our  English  speech  without  taking  into  account 
the  series  of  changes  through  which  it  has  passed  in  its  evolution 
from  the  Anglo-Saxon  dialects,  as  to  explain  the  nature  of  a  rock 
without  studying  the  influence  upon  it  of  the  forces  by  which  it  has 
gradually  acquired  its  present  characters. 

With  respect  to  the  geographical  distribution  of  the  different 
mineral  species,  many  suggestive  observations  have  been  made. 
Some,  like  the  felspars,  the  pyroxenes,  and  the  olivines,  appear  to  be 
ubiquitous  in  our  earth's  crust,  and  even  make  their  appearance 
again  in  those  bodies  of  extra-terrestrial  origin — ^the  meteorites^ 
Others,  like  leucite,  nepheline,  hauyne,  sodalite,  and  meliUte,  are 
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exceedingly  abundant  in  certain  areas  of  the  earth's  surface,  while 
they  appear  to  be  wholly  wanting  in  others. 

Still  more  remarkable  are  the  relations  which  are  found  to  exist 
between  the  types  of  rocks  occurring  in  diflFerent  geographical  areas. 
The  study  of  this  subject  is  leading  us  to  the  recognition  of  the 
fact  that  there  are  distinct  petrological  provinces.  In  closely 
adjoining  areas — such  as  Hungary  and  Bohemia,  for  example— 
widely  different  types  of  rock  have  been  ^upted  during  the  same 
geological  period  ;  and  this  is  a  fact  not  less  striking  and  significant 
than  that  of  the  meeting  of  two  perfectly  distinct  biological 
provinces  along  a  line  which  traverses  the  Malayan  archipelago. 
It  cannot  be  doubted  that  the  prosecution  of  this  hopeful  branch 
of  study — the  geographical  distribution  of  minerals  and  rocks — will 
lead  us  to  results  of  the  highest  interest  and  value. 

That  there  will  be  shown  to  be  a  distribution  of  rocks  in  time,  as 
well  as  in  space,  I  am  perfectly  prepared  f<o  believe.  I  cannot  but 
think,  however,  that  some  of  the  generalizations  on  this  subject 
which  have  been  hazarded  are  somewhat  premature.  To  a  geologist 
{especially  one  belonging  to  the  school  of  LyeU)  it  is  equally  difficult 
to  conceive  that  there  should  be  a  broad  distinction  between  the 
metamorphic  rocks  of  ArchaBan  and  post-Archsean  age  respectively, 
as  that  the  pre-Tertiary  volcanic  rocks  should  be  altogether  different 
in  character  from  those  of  Tertiary  and  Becent  times. 

The  great  object  of  all  our  studies  (concerning  the  Morphology, 
the  Physiology,  and  the  Chorology)  of  the  mineral  kingdom  ought  to 
be  to  arrive  at  definite  ideas  concerning  its  JEtiology — the  causes  by 
which  the  existing  forms,  capabilities,  and  positions  of  minerals  and 
rooks  have  been  determined. 

While  the  fossils  contained  in  rock-masses  afford  us  the  means 
for  determining  the  date  of  their  origin,  the  careM  study  of 
the  minerals  which  they  include  may  enable  us  to  unravel  the 
complicated  series  of  changes  through  which  they  have  passed  since 
their  first  formation. 

Eighteen  years  ago,  when  endeavouring"^ to  show  how  the  origin 
of  a  particular  rook  might  be  elucidated  by  a  combination  of  studies 
in  the  field,  in  the  chemical  laboratory,  and  |by  the  aid  of  the 
microscope,  I  ventured  to  off'er  to  this  Society  some  general  remarks 
on  this  subject.  As  it  has  been  my  constant  labour  ever  since  that 
time  to  apply  the  principles  then  enunciated  to* the  case  of  rocks 
of  more  complicated  character  and  more  recondite  origin,  I  may 
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perhaps  be  forgiven  for  repeating  the  words  I  then  nsed.  Every 
rock  since  its  first  formation  "  has  undergone  and  it  still  is  under- 
going a  constant  series  of  internal  changes,  the  result  of  the  action 
of  different  causes,  as  heat,  pressure,  solution,  the  play  of  many 
chemical  affinities,  and  of  crystallographic  and  other  molecular  forces, 
causes  insignificant  perhaps  in  themselves,  but  capable  under  the 
factor  time  of  producing  the  most  wonderful  transformations.  The 
geologist  is  called  upon  to  unravel  the  complicated  results,  to 
pronounce  what  portion  of  the  phenomena  presented  by  a  rock  is  due 
to  the  forces  by  which  it  was  originally  formed,  and  what  must  be 
referred  to  subsequent  change ;  to  discriminate  the  successive  stages 
of  the  latter  and  to  detect  their  various  causes ;  in  short  to  trace 
the  history  of  a  rock  from  its  deposition  to  the  present  moment.'* 

Dr.  Wadsworth  has  well  characterized  the  changes  which  take 
place  in  rock-masses  as  due  to  the  tendency  of  unstable  mineral 
combinations  to  pass  into  stable  ones.  It  must  be  remembered, 
however,  that  stability  is  a  relative  term,  and  that  the  arrangement 
of  molecules  which  is  stable  under  one  set  of  conditions^  becomes 
unstable  under  another  set.  As  by  the  internal  movements  and  the 
external  denudation  of  the  earth's  crust,  the  conditions  under  which 
rock-masses  exist  are  undergoing  slow  but  continual  change,  new 
adjustments  of  the  molecular  structure  of  the  mineral  elements  of 
such  rocks  are  at  the  same  time  necessitated  and  brought  about. 

In  attempting  to  reason  as  to  the  original  conditions  under  which 
a  rock-mass  must  have  been  formed,  it  is  of  great  importance  to 
avoid  those  sources  of  error  which  exist  in  rocks  that  have  under- 
gone much  secondary  alteration.  Such  rocks  abound  in,  though 
they  are  not  necessarily  confined  to,  the  older  geological  formations ; 
and  it  is  among  the  younger  and  fresher  rocks,  therefore,  that  we 
may  most  hopefully  seek  the  key  to  many  petrological  problems. 

If,  for  example,  we  concentrate  our  attention  upon  the  more  recent 
and  less  altered  igneous  rocks,  it  becomes  clear  that  the  degree  of 
crystallization  displayed  by  them  has  depended  on  the  slowness  with 
which  consolidation  has  taken  place,  and  that  this  has  in  turn  been 
determined  by  the  depth  from  the  surface  at  which  they  have  been 
formed.  In  this  way,  by  the  study  of  igneous  rock-masses  in 
Scotland  and  in  Hungary,  I  was  able  to  show  that  there  is  a  perfect 
gradation  from  highly  crystalline  rocks  (granites,  diorites,  and 
gabbros)  into  the  ordinary  volcanic  types  (rhyolites,  andesites,  and 
basalts,  respectively),  and  from  the  latter  into  the  various  kinds  of 
volcanic  glass.    These  eonclusions  have  been  confirmed  by  subsequent 


Digitized  by  LjOOQ IC 


AVKIYEBSABT  ADDRBSS  OF  THE  PRBSTDBNT.  79 

investigations  like  those  of  Hague  and  Iddings  in  the  Gomstock 
r^on,  and  of  Lotti  in  Elba.  Further  and  more  recent  researches 
have  enabled  me  to  show  that  certain  types  of  structure  have  been 
determined  in  rocks,  according  to  the  more  or  less  perfect  absence 
of  all  movement  within  them  during  their  consolidation. 

Very  remarkable,  indeed,  are  the  internal  changes  which  take  place 
in  rock-masses  when  they  are  submitted  to  those  powerful  stresses 
which  result  from  the  movements  that  occur  during  mountain- 
making. 

It  was  long  ago  asserted  by  Scrope  and  Darwin  that  the  solid 
rock-masses  of  the  globe,  under  such  conditions  as  these,  must 
have  axibiBlLy  Jlowed,  like  the  viscous  lavas  of  the  rhyolitic  series. 
They  were  even  able  to  show  that  the  separation  and  disposition  of 
the  cr}'stalline  elements  in  such  lavas  present  the  closest  analogy 
with  what  is  seen  in  the  crystalline  schists  and  gneisses  of  greatly 
disturbed  areas. 

Since  these  early  and  notable  researches,  which  were  principally 
based  on  the  study  of  rocks  in  the  field,  aided  only  by  the  pocket- 
lens,  three  classes  of  investigations  have  served  to  deepen  our  insight 
into  the  methods  by  which  the  schistose  and  gneissose  rocks  must 
have  been  produced. 

In  the  first  place,  the  experiments  of  MM.  Tresca  and  Daubree 
have  shown  that  solid  matter  under  enormous  pressure  behaves  like 
a  viscous  substance,  its  whole  internal  structure  exhibiting  evidence 
of  the  fiowing  movements  to  which  it  has  been  subjected. 

In  the  second  place,  the  studies  of  M.  Spring  have  established  the 
fact  that  both  paramorphic  change  and  direct  chemical  reaction 
may  result  from  simple  pressure.  Thus  the  unstable  monoclinic 
form  of  sulphur,  by  a  pressure  of  5000  atmospheres,  is  at  ordinary 
temperatures  instantly  converted  into  the  stable  rhombic  form,  a 
transformation  accompanied  by  change  of  density  and  of  many  other 
physical  properties.  StiU  more  striking  is  the  well-known  case  of 
the  unstable,  yellow,  rhombic,  mercuric-iodide,  which,  by  simple 
rubbing  with  a  hard  substance,  passes  into  its  stable,  red,  tetragonal 
allomorph.  It  is  instructive  to  notice  that  the  same  change  in  both 
instances  appears  to  take  place  '<  spontaneously "  after  a  sufficient 
interval  of  time ;  or,  in  other  words,  small  variations  in  tempera- 
ture, pressure,  and  other  surrounding  conditions  are  capable,  if 
sufficient  time  be  allowed,  of  bringing  about  the  same  result  as  more 
intense  pressure  applied  suddenly.  That  the  similar  paramorphic 
change  of  pyroxene  into  hornblende,  which  is  so  frequently  exem- 
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plified  in  ihe  earth's  crust,  is   sometimes  the  result  of  intense  • 
pressure,  and  at  other  times  follows  from  the  repeated  slight  altera- 
tion of  conditions  during  long  periods  of  time,  we  have,  I  believe, 
abundant  evidence. 

The  experiments  of  M.  Spring  which  proye  that  direct  chemical 
reactions  can  result  from  the  action  of  pressure,  are,  however,  of 
even  greater  interest  to  the  geologist.  By  submitting  mixed  powders 
to  intense  compression,  he  succeeded  in  producing  metallic  alloys 
and  various  binary  compounds,  and  also  in  bringing  about  doable 
decomposition  between  many  salts.  That  similar  reactions  between 
the  complicated  silicates  which  form  the  minerals  of  rocks  have 
resulted  from  the  enormous  pressures  to  which  they  have  been  snb- 
iected,  we  have  the  most  ample  proof.  Thus  in  rocks  where  such 
pressure  has  just  begun  to  act,  such  as  the  '' flaser-gabbros," 
wherever  the  unstable  olivine  is  in  contact  with  the  almost  equally 
unstable  anorthite,  chemical  reactions  have  been  set  up  by  the 
pressure,  and  these  have  resulted  in  the  formation  of  zones  of 
enstatite  and  anthophyllite,  hornblende  and  biotite,  which  have 
been  so  well  described  by  Tornebohm,  Bonney,  Adams,  and  WiUiams 
Provided  with  the  clue  supplied  by  these  results,  we  find  little 
difficulty  in  going  one  step  further.  When  the  pressure  has  been 
still  more  intense,  as  in  mountain-making  movements,  reactions 
are  set  up  among  all  the  minerals  of  the  rock-mass,  the  elements 
of  which  it  is  composed,  set  free  from  their  old  engagements,  enter 
into  new  alliances,  and  the  result  is  the  formation  of  a  completely 
new  set  of  crystallized  minerals. 

The  third  class  of  researches,  destined,  as  I  believe,  to  remove  our 
difficulties  in  explaining  the  origin  of  the  schistose  and  gneissoee 
rocks,  are  those  already  alluded  to  as  having  been  undertaken  with 
the  microscope.  As  yet  the  details  of  such  changes  have  only  been 
explained  in  the  case  of  some  of  the  simpler  examples ;  but  I  am 
convinced  that  the  persevering  application  of  the  same  methods  in 
the  field  and  the  laboratory  will  result  in  the  removal  of  difficulties 
that  now  seem  to  be  absolutely  insuperable. 

Some  observers  in  this  country  have  been  led  to  infer  that  the 
recrystallization  of  rock-masses  under  pressure  has  in  all  cases  been 
preceded  by  their  pulverization.  Of  this,  I  confess  that  I  can  find 
no  evidence.  That  near  great  faults  of  all  kinds  this  reduction  of 
rocks  to  powder  does  take  place,  we  find  abundant  proof;  but  the 
evidence  seems  to  me  to  also  point  to  the  conclusion  that  such 
roek-erushing^  as  distinct  from  rock-flowing ,  is  in  every  case  local 
«nd  ezceptionaL 


Digitized  by  LjOOQ IC 


AinflTBBSABT  ADDRBSS  OF  THE  PBX8II>BNT.  8 1 

.  There  is  another  and  totally  different  series  of  changes  which 
takes  place  in  rocks,  when,  brought  near  to  the  surface  by  denudation, 
they  are  exposed  to  the  action  of  water,  oxygen,  carbonic  acid,  and 
other  atmospheric  agents.  The  breaking-up  of  the  alkaline  silicates 
and  the  deposition  of  secondary  silica,  the  formation  of  the  zeolites, 
the  epidotes,  the  chlorites,  and  the  serpentines,  the  resolution  of 
crystallized  minerals  into  isotropic  mixtures,  and  the  reorystalli- 
lation  of  these  in  new  forms,  all  offer  problems  of  the  highest 
interest  to  the  geologist. 

I  may  venture,  in  drawing  these  remarks  to  a  dose,  to  indicate 
another  point  of  analogy  between  the  three  Natural-History  Sciences. 
It  is  found  in  the  circumstance  that  experimental  verifications  of 
our  conclusions  are  often  difficult,  if  not  actually  impossible. 

We  must  be  content  to  reason  from  the  proved  variability  of 
the  existing  forms  of  plants  and  animals  as  to  the  possibility  of  the 
production  in  time  of  new  species.  And  in  the  same  way,  with  our 
limited  command  of  heat,  pressure,  and  especially  of  time,  we  can 
scarcely  hope  to  originate  the  exact  counterparts  of  all  the  various 
minerals  and  rocks  of  our  earth's  crust. 

We  may  nevertheless  point  with  satisfaction  to  what,  in  spite  of 
such  difficulty,  has  already  been  accomplished  in  this  interesting  field 
of  research.  The  honour  of  having  pushed  these  researches  to  such 
successful  issues  belongs  chiefly  to  the  chemists,  mineralogists,  and 
geologists  of  France.  To  the  labours  of  Benarmont,  Daubr^,  and  a 
host  of  other  workers  we  owe  the  artificial  production  of  a  very 
large  number  of  the  minerals  of  our  globe;  while  the  ingenious 
experiments  of  Eouqu^  and  Michel  Levy  have  resulted  in  the  for- 
mation of  many  rocks  differing  in  no  essential  particulars  from  those 
which  have  been  produced  by  natural  agencies. 

In  the  prosecution  of  his  various  researches  the  importance  and 
value  of  exact  Mineralogical  knowledge  to  the  Geologist  is  becoming 
every  day  more  apparent.  The  temporary  estrangement  between  the 
cultivators  of  Mineralogy  and  Geology  is  now  happily  and  for  ever  at 
an  end ;  very  heartily,  indeed,  do  geologists  recognize  and  welcome 
the  aid  of  their  brethren  the  mineralogists. 

But  if  it  be  confessed  that  the  benefits,  past  and  prospective, 
conferred  on  geological  science  by  Mineralogy  are  vast  and  even 
incalculable,  it  must  also  be  admitted  that  the  debt  is  amply  repaid 
by  the  beneficial  influence  which  is  being  exerdsed  in  turn  upon 
Mineralogy  by  Geology. 

Some  time  ago  a  distinguished  mineralogist  asked  me  if  I  did  not 
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find  the  ordinary  text-books  of  his  science  but  little  calcnlatftd  to- 
arouse  the  interest  or  excite  the  enthusiasm  of  students.    I  am 
sure  that  the  energy  of  my  assent  must  at  least  hare  assured  my 
friend  of  the  strength  of  my  convictions  on  the  subject 

Too  long,  indeed,  has  the  accumulated  mass  of  mineral-lore  recalled 
the  grim  vision  of  the  seer  of  Chebar.  In  that  gruesome  valley  the 
wail  of  the  student,  **  The  bones  are  very  dry !  "  has  been  echoed  by 
the  sigh  of  the  teacher,  *'  Can  these  bones  live  ?  "  But  now  from  the 
four  winds  of  heaven  come  the  constructive  ideas  of  many  minds — 
from  Scandinavia  and  ttom  France,  from  Germany  and  from  the 
United  States — and  in  obedience  to  this  influence  behold  **  a  great 
shaking"  in  the  formless  mass.  Scattered  facts,  isolated  observa- 
tions, imperfect  generalizations,  and  tentative  hypotheses  are  &lling 
together  **  bone  to  his  bone,"  and  are  building  up  a  sound  body 
of  mineralogical  knowledge,  into  which,  the  spirit  of  geological 
thought  entering,  Mineralogy  shall  stand  forth  a  living  science  1 
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February  23,  1837. 

Prof.  J.  W.  JuDD,  r.R.8.,  President,  in  the  Chair. 

Edward  Bickerton  Mil  ward,  Esq.,  Gnibe  Wohlfahrt,  Hellenthal, 
Eifel,  Germany,  was  elected  a  Fellow  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  commanieations  were  read : — 

1.  "  On  the  Origin  of  dry  Chalk  Valleys  and  of  Coombe  Rock." 
By  aeme&t  Reid,  Esq.,  F.6.S. 

2.  "  Probable  amount  of  former  Glaciation  of  Norway,  as  demon- 
strated by  the  present  condition  of  Rocks  upon  and  near  the  western 
coast."     By  W.  F.  Stanley,  Esq.,  F.G.S. 

[Abstract] 

The  observations  on  which  this  paper  are  based  were  made  in 
June  last,  during  a  voyage  along  the  west  coast  of  Norway*  Inland 
conditions  were  also  noted  in  the  Hardanger  and  Sogne  Fjords,  and 
a  few  trips  up  some  of  the  valleys  enabled  these  inland  observations 
to  be  further  extended.  The  Author  limited  his  work  to  searching 
for  outline  evidence  of  ice-action.  The  aspect  of  the  coast  for 
hundreds  of  miles  consecutively  has  a  uniform  character  of  jagged 
and  pointed  rocks  nearly  to  the  sea-level.  At  the  mouths  of  the 
Qords  the  rocks  are  more  rounded,  particularly  at  heights  less  than 
100  feet.  Within  the  Arctic  Circle  the  Swartisen  glacier  reaches 
nearly  to  the  sea,  and  here  the  rocks  are  more  rounded. 

The  Author  exhibited  sketches  showing  the  characteristic  forms  of 
the  rocks,  and  concluded  from  a  study  of  these  that  ice  had  never  pre- 
vailed along  the  entire  western  coast  of  Norway,  neither  had  inland  ice 
of  any  considerable  thickness  flowed  over  this  coast  in  sufficient 
volume  to  wear  off  the  points  of  the  sharply  fractured  granite.  Even 
the  rocks  below  100  feet  are  not  more  worn  than  is  sometimes  the  case 
in  tropical  climates.  The  ^'  shark's  teeth  *'  of  the  Lofotens  have  not 
been  planed  down,  nor  is  there  any  vestige  of  the  great  ice-sheet  of 
our  text-books  within  the  Arctic  Circle  upon  the  coast  of  Norway. 
Even  in  the  Qords  there  is  no  evidence  of  ice-action  until  we  arrive 
at  the  head,  where  it  is  very  evident.  There  can  be  no  better 
demonstration  of  the  extent  of  former  glaciation  than  in  the  Romsdal 
valley,  where  the  line  of  the  worn  base  extends  as  high  up  the  rock 
as  600  feet  10  miles  inland.  He  also  instanced  the  principal  glaciers 
of  the  Folge  Fjord,  now  about  7  miles  from  the  open  wat-er  of  the 
fjord,  though  formerly  within  half  a  mile.    The  angular  character  of 
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the  low  rocky  island  ia  front  of  Odde  shows  that  it  cannot  have 
advanced  further. 

The  Author  concluded  that  at  no  period  within  geologically  recent, 
say  Tertiary  times,  has  ice  extended  much  further  than  at  present. 
Seeing  that  the  morainic  matter  now  in  the  valleys  has  heen  derived 
from  the  hills,  there  must  formerly  have  been  a  greater  extent  of  land 
above  the  snow -line,  and  this  would  cause  a  former  extension  of 
glaciers  without  resort  to  any  extraneous  theory  or  change  of  cli- 
mate. The  Great  Ice  Age  has  left  no  trace  on  the  Norwegian 
western  littoral. 


DiSCUSSIOK. 

Prof.  Geikie  said  he  had  visited  the  country,  and  had  come  to 
precisely  opposite  conclusions  to  the  writer.  It  appeared  to  him 
that  from  iiie  outer  islands  up  to  the  higher  mountains  the  lower 
grounds  have  been  buried  under  a  thick  sheet  of  ice.  Occasionally 
the  higher  parts  of  the  sides  of  fjords  are  weathered,  and  the  marks 
of  glaciation  have  disappeared,  whilst  these  marks  are  still  distinct 
at  lower  levels. 

Mr.  Blanfokd  asked  if  Mr.  Stanley  had  seen  Christiania  Fjord,  and 
remarked  that,  as  clear  evidence  of  glaciation  on  a  large  scale  was 
found  in  Southern  Norway,  the  coast  at  a  more  northern  latitude 
£0uld  scarcely  have  been  free  from  ice-action. 

GoL  MoMahon  remarked  on  the  extent  to  which  rocks  are  worn 
away  and  a  rough  surface  given  to  rocks  by  severe  frosts,  as  shown 
in  the  Himalayas. 

Mr.  Stanley  said  the  glaciation  was  peculiarly  distinct  in  the 
heads  of  the  valleys,  where  the  granite  has  retained  the  polished 
surface  left  by  the  glaciers.  The  extraordinary  fact  was  that  rocks 
of  grey  granite  close  to  the  sea  should  be  so  sharp  as  they  are  if  ice 
had  gone  over  them,  for  instance  the  so-called  "shark's  teeth'* 
of  the  Lofoten  Islands.  The  fact  that  the  Stor  Fjord  was  deeper 
than  the  ocean  between  England  and  Norway  was  also  opposed  to 
the  idea  of  ice  having  cut  the  valley. 


The  following  specimens  were  exhibited : — 

Specimens  of  Romsdal  Gneiss,  exhibited  by  W.  F.  Stanley,  Esq., 
F.G.S.,  in  illustration  of  his  paper. 
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March  9,  1887. 

Prof.  J.  W.  Jtjdd,  F.R.8.,  President,  in  the  Chair. 

William  Barlow,  Esq.,  Hiliaeld,  Muswell  Hill,  N.;  William 
Worby  Beaumont,  Esq.,  Memb.Inst.C.E.,  229  Norwood  Road,  Heme 
Hill,  S.E. ;  Martin  William  Browne  Ffolkes,  Esq.,  Assoc.  Memb. 
Inst.C.E.,  II  Delahay  Street,  Westminster  ;  Samuel  James  Hawkins, 
Esq.,  3  The  Promenade,  Highgate,  N. ;  and  Jonathan  Coulthard 
Waiton,  Esq.,  Writhlington,  near  Bath,  were  elected  Fellows  of  the 
Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  '*  On  Chondrosteus  acipenseroides,  Ag."  By  James  W.  Davis» 
Esq.,  F.G.S. 

2.  "  On  ArUtosuchus  pusiUus,  Ow.,  being  further  Notes  on  the 
Fossils  described  by  Sir  E.  Owen  as  Poikiloplmron  pusillus,  Ow." 
By  Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

3.  "  On  Patricosaurus  merocratiui,  Seeley,  a  Lizard  from  the 
Cambridge  Greensand,  preserved  in  the  Woodwardiau  Museum  of 
the  University  of  Cambridge."  By  Prof.  H.  G.  Seeley,  F.R.S., 
F.G.S. 

4.  "  On  Heterosuchvs  valdenxis,  Seeley,  a  procoelian  Crocodile  from 
the  Hastings  Sands  of  Hastings."  By  Prof.  H.  G.  Seeley,  F.R.8., 
F.G.S. 

6.  *'  On  a  Sacrum,  apparently  indicating  a  new  type  of  Bird 
(Omithodesmus  cluniculus,  Seeley),  from  the  Wealden  of  Brook."  By 
Prof.  H.  G.  Seeley,  F.R.S.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Specimens  of  Patricosaurug  merocratus,  Seeley,  exhibited  by  Prof. 
T.  M*^Kenny  Hughes,  F.G.S.,  in  illustration  of  Prof.  Seeley's  paper. 

A  cast  of  the  specimen  of  Beterosuchus  valdtrms^  Seeler,  exhibited 
by  Dr.  H.  Woodward,  F.R.S.,  F.G.S.,  in  illustration  of  Prof.  Seelej-'s 
paper. 
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March  23, 1887. 

Prof.  J.  W.  JuDD,  F.R.S.,  Preflident,  in  the  Chair. 

Claude  Black,  Esq.,  33  Kensington  Gardens  Square,  W.,  was 
elected  a  Fellow  of  the  Society. 

The  liflt  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  **  Notes  on  the  Structures  and  Relations  of  some  of  the  older 
Bocks  of  Brittany."  By  T.  G.  Bonney,  D.Sc.,  LL.D.,  F.R.S., 
V.P.G.S.,  Professor  of  Geology  in  University  College,  London,  and 
Fellow  of  St.John's  College,  Cambridge. 

2.  •'  The  Rocks  of  Sark,  Herm,  and  Jethou."  By  Rev.  £.  HiU, 
M.A.,  F.QA. 

3.  **Quartzite  Boulders  and  Grooves  in  the  Roger  Mine  at 
Dukinfield."    By  James  Radcliffe,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Rock-specimens  and  microscopic  RockHsections,  exhibited  by  Prof. 
T.  G.  Bonney,  F.R.8.,  V.P.G.8.,  and  the  Rev.  Edwin  Hill,  F.G.S.,  in 
illustration  of  their  papers. 

A  Quartzite  Boulder  in  Coal,  from  the  Roger  Mine,  Dukinfield, 
exhibited  by  J.  Radcliffe,  Esq.,  F.G.S.,  in  illustration  of  his  paper. 

Three  Quartzite  Pebbles  from  Coal,  exhibited  by  W.  S.  Gresley, 
Esq.,  F.G.S. 


April  6,  1887. 

Prof.  J.  W.  Jvdh,  F.R.S.,  President,  in  the  Chair. 

Rev.  Charles  Leach,  56  Femhead  Road,  London,  N.W.,  was 
elected  a  Fellow  ;  and  Senh.  J.  F.  N.  Delgado,  of  Lisbon,  and  Prot 
Albert  Heim,  of  Zurich,  Foreign  Correspondents  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  Pbssidekt  stated  that  the  '^  Societc  Ouralienne  d'Amateurs 
des  Sciences  Naturelles,"  established  at  Ekaterineboui^,  had  an- 
nounced their  intention  to  hold  a  Scientific  and  Industrial  Exhi- 
bition at  that  place  during  the  present  year,  opening  on  the 
27th  May,  and  closing  on  the  27th  September. 
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On  the  requisition  of  a  Fellow  of  the  Society,  three  extracts  from 
the  Conndl  Minute  Book  were  read  by  the  Secretary. 

The  following  communicationB  were  read : — 

1.  "  On  the  Rocks  of  the  Malvern  Hills.— Part  II."  By  Frank 
Eutley,  Esq.,  F.G.S. 

2.  '*  On  the  alleged  Conversion  of  Crystalline  Schists  into  Igneous 
Rocks  in  County  Galway."    By  C.  Callaway,  D.So.,  F.G.S. 

3.  *^  A  Preliminary  Inquiry  into  the  Genesis  of  the  Crystalline 
Schists  of  the  Malvern  Hills.*'    By  C.  Callaway,  D.Sc.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Specimens  and  photographs  to  illustrate  the  latest  volcanic  erup- 
tion in  Northern  California  and  its  peculiar  lava,  as  described  by 
J.  S.  Diller,  Esq.,  U.  S.  Geological  Survey,  exhibited  by  the  Presi- 
dent 

Rocks  and  microscopic  rock-sections,  exhibited  by  Frank  Rutley, 
Esq.,  F.G.S.,  and  Dr.  C.  Callaway,  F.G.S.,  in  illustration  of  their 
papers. 

Photographs  of  microscopic  rock-sections,  exhibited  by  C.  Bird, 
Esq.,  F.G.S.,  in  illustration  of  Dr.  GaUaway's  papers. 


April  27, 1887. 

Prof.  J.  W.  JuDD,  F.R.S.,  President,  in  the  Chair. 

F.  G.  Brook-Fox,  Esq.,  Assoc.  Memb.  Inst.  C.E.,  Indian  Public 
Works  Department,  care  of  Messrs.  Grindlay,  Groom  &  Co.,  Bom- 
bay; and  Alfred  Woodhouse,  Esq.,  Barberton,  Transvaal,  South 
Africa,  were  elected  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  foUowiug  communications  were  read : — 

1.  '*  On  the  London  Clay  and  Bagshot  Beds  of  Aldershot."  By 
H.  G.  Lyons,  Esq.,  R.E.,  F.G.S. 

2.  "  Supplementar}'  Note  on  the  Walton  Common  Section.''  By 
W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S.,  Sec.G.S. 
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Specimens  were  exhibited  by  W.  H.  Hadlaston,  Esq.,  F.E.S.,  Sec. 
G.S.,  in  illustration  of  his  paper. 


May  11, 1887. 

Prof.  J.  W.  JuDD,  F.E.S.,  President,  in  the  Chair. 

Hugh  Ker  Colville,  Esq.,  Linley  Hall,  near  Broseley,  Shropshire, 
and  J.  Walter  Gregory,  Esq.,  Clare  House,  Goulton  Boad,  CUpton, 
E.,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 
The  following  commanications  were  read : — 

1.  "  Further  Observations  on  Hyperodapedon  Qordoni**  By  Prof. 
T.  H.  Huxley,  LL.D.,  F.R.S.,  F.G.S. 

2.  "  On  the  Hocks  of  the  Essex  Drift."  By  Eev.  A.  W.  Bowe, 
M.A.,  F.G.S. 

3.  '*  On  Tertiary  Cydostomatous  Bryozoa  from  New  Zealand." 
By  Arthur  W.  Waters,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited  : — 

Casts  of  specimens  of  Hyperodapedan  Oardoni,  exhibited  by  Dr.  H. 
Woodward,  F.R.8.,  V.P.G.S.,  in  illustration  of  Prof.  Huxley's  paper. 

Rock-specimens  from  the  Essex  Drift  and  microscopic  roc^-seo- 
tions,  exhibited  by  the  Eey.  A.  W.  Howe,  M.A.,  F.G.S.,  in  illustra- 
tion of  his  paper. 

Specimens  of  rocks  from  the  Boulder-clay  of  Finchley,  exhibited 
by  H.  M.  Klaassen,  Esq.,  F.G.S. 

Photograph  of  mud  volcanos,  "Devil's  Woodyard,"  Trinidad, 
exhibited  by  R.  V.  Sherring,  Esq.,  F.L.8. 


May  25,  1887. 

Prof.  J.  W.  JuDD,  r.R.8.,  President,  in  the  Chair. 

James  William  Barry,  Esq.,  97  Lansdowne  Road,  W. ;  William 
Fairley,  Esq.,  Rugeley  ;  and  Joseph  William  Gray,  Esq.,  Spring  Hill, 
Wellington  Road  South,  Stockport,  were  elected  Fellows  of  the 
Society. 
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The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  "On  the  Remains  of  Fishes  from  the  Keuper  of  Warwick  and 
Nottingham."  IJy  E.  T.  Newton,  Esq.,  F.G.S. ;  with  Notes  on 
their  Mode  of  Occurrence  by  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S., 
and  E.  Wilson,  Esq.,  F.G.S. 

2.  "  Considerations  on  the  Date,  Duration,  and  Conditions  of  the 
Glacial  Period  with  reference  to  the  Antiquity  of  Man."  Bv  Prof. 
Joseph  Prestwich,  M.A.,  F.R.S.,  F.G.S. 

8.  "  Notes  on  some  Carboniferous  Species  of  MurchUonia  in  our 
Public  Museums."  By  Miss  Jane  Donald.  (Communicated  by  J.  G. 
Goodchild,  Esq.,  F.G.S.). 

The  following  specimens  were  exhibited : — 

Specimens  of  fishes  from  the  Keuper  near  Shrewley,  exhibited  by 
the  Rev.  P.  B.  Brodie,  F.G.S. ;  and  specimens  of  the  fishes  from  the 
Keuper  near  Nottingham,  exhibited  by  E.  Wilson,  Esq.,  F.G.S.,  in 
illustration  of  the  paper  by  E.  T.  Newton,  Esq.,  F.G.S. 

Specimen  of  Ckondrosteus  acipenseroides,  Ag.,  exhibited  by  J.  W. 
Davis,  Esq.,  F.G.S. 


June  8,  1887. 
Prof.  J.  W.  JuDD,  F.R.S.,  President,  in  the  Chair. 

Edwyn  F.  Barclay,  Esq.,  20  Stanhope  Gardens,  S.W.,  and  Ed- 
ward Biouverie  Luxmore,  Esq.,  M.A.,  Bryu-Asaph,  St.  Asaph,  were 
elected  Fellows  of  the  Society. 

The  List  of  Donations  to  tJie  Library  was  read. 

The  following  names  of  Fellows  of  the  Society  were  read  out  for 
the  first  time  in  conformity  with  the  Bye-laws  Sec.  VI.  B,  Art.  C, 
in  consequence  of  the  non-payment  of  the  arrears  of  their  contri- 
butions :— G.  B.  Luke,  Esq.,  W.  J.  Nevill,  Esq.,  N.  W.  Rudston- 
Read,  Esq.,  F.  Warwick,  Esq.,  Rev.  J.  M'Cann,  and  D.  Thomas,  Esq. 

The  following  communications  were  read  : — 

1.  '*  A  Revision  of  the  Echinoidea  from  the  Australian  Ter- 
tiaries."     By  Prof.  P.  Martin  Duncan,  M.B.,  F.R..S.,  F.G.S. 
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2.  "  On  the  Lower  Part  of  the  Upper  Cretuceoua  Serie«  in  West 
Suffolk  and  Norfolk."  By  A.  J.  Jukea-Browne,  Esq.,  B.A.,  F.G.S., 
and  W.  Hill,  Esq.,  F.G.S. 

3.  *'  On  some  Occurrences  of  Fiedmontite-schist  in  Japan."  Bv 
Prof.  B.  Koto.     (Communicate  by  Frank  Rutley,  Esq.,  r.G.S.). 

The  following  specimens  were  exhibited : — 

Specimens  exhibited  by  Prof.  P.  Martin  Duncan,  M.B.,  F.R.8., 
F.G.S. ,  in  illustration  of  his  paper. 

Specimens  exhibited  by  A.  J.  Jukes-Browne,  Esq.,  F.G.S.,  and 
W.  Hill,  Esq.,  F.G.S.,  in  illustration  of  their  paper. 

Microscopic  rock-sections,  exhibited  by  Prof.  B.  Kot^,  in  illus- 
tration of  his  paper. 


June  23,  1887. 
Prof.  J.  W.  JuDD,  F.R.S.,  President,  in  the  Chair. 

Charles  James  Buckland,  Esq.,  Athentenm  Club,  Sydney,  and  St. 
Stephen's  Club,  S.W. ;  Henry  Kamsay  Collins,  Esq.,  Assoc.  Memb. 
Inst.  C.E.,  Durban,  Natal ;  Joseph  Landon,  Esq.,  Training  College, 
Saltley,  Birmingham;  Charles  Davies  Sherbom,  Esq.,  540  Kings 
Road,  Chelsea,  S.W. ;  and  John  Udall,  Esq.,  Red  Street  Board 
School,  Birmingham,  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  names  of  Fellows  of  the  Society  were  read  oat  for 
the  second  time  in  conformity  with  the  Bye-laws  Sec.  VI.  B,  Art.  6, 
in  consequence  of  the  non-payment  of  the  arrears  of  their  contri- 
butions :— G.  B.  Luke,  Esq.,  W.  J.  Nevill,  Esq.,  N.  W.  Rudston-Bead, 
Esq.,  F.  Warwick,  Esq.,  Rev.  J.  M'Cann,  and  D.  Thomas,  Esq. 

The  following  communications  were  read : — 

1.  "  On  Nepheline  Rocks  in  Brazil,  with  special  Reference  to  the 
Association  of  Phonolite  and  Foyaite."  By  Orville  A.  Derby,  Esq., 
F.G.S. 

2.  "  Notes  on  the  Metamorphic  Rocks  of  South  Devon."  By  Miss 
Catherine  A.  Raisin,  B.Sc.  (Communicated  by  Prof.  T.  G.  Bonney, 
D.Sc.,  LL.D.,  F.R.S.,  V.RG.S.) 
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3.  "On  the  Ancient  Beach  and  Boulders  near  Braunton  and 
Croyde  in  North  Devon."  By  Prof.  T.  M'Kenny  Hughes,  M.A.,. 
P.G.8. 

4.  "  Notes  on  the  Formation  of  Coal-seams,  as  suggested  by  evi- 
dence collected  chiefly  in  the  Leicestershire  and  South  Derbyshire* 
Coal-field."     By  W.  S.  Gresley,  Esq.,  F.G.S. 

5.  '*  Note  on  some  Dinosaunan  Remains  in  the-  Collection  of  A. 
Leeds,  Esq.  Part  I.  Ornithopm  Leedsii. — Part  II.  OmosauruSj  sp." 
By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S, 

6.  "  Notes  on  some  Polyzoa  from  the  Lias."  By  Edwin  A,  Wal- 
ford,  Esq.,  F.G.S. 

7.  **  On  the  Superficial  Geology  of  the  Southern  Portion  of  the 
Wealden  Area."  By  J.  Vincent  Elsden,  Esq.,  B.Sc.  (Communicated 
by  the  President.) 

8.  "  Report  on  Palaeo-botanical  Inyestigations  of  the  Tertiary 
Flora  of  Australia."  By  Dr.  Constantin  Baron  von  Ettingshausen, 
For.Corr.G.S. 

9.  "  On  some  new  Features  in  Pelanechinus  coratlinus,^^  By  T.. 
T.  Groom,  Esq.  (Communicated  by  Prof.  T.  M*Kenny  Hughes,  M.  A., 
F.G.S.) 

10.  **  On  Boulders  found  in  Seams  of  Coal."  By  John  Spencer, 
Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Rock-specimens  exhibited  by  0.  A.  Derby,  Esq.,  F.G.S.,  in  illus- 
tration of  his  paper. 

Rock-specimens  and  microscopic  sections  exhibited  by  Miss  Raisin, 
B.Sc,  in  illustration  of  her  paper. 

Iron  model  of  a  boulder,  exhibited  by  John  Spencer,  Esq.,  F.G.S., 
in  illustration  of  his  paper. 

Specimens  exhibited  by  Edwin  A.  Walford,  Esq.,  F.G.8.,  in  illus- 
tration of  his  paper. 


A  Special  General  Meeting  was  held,  at  which  the  Rev.  G.  F. 
Whidborne  was  elected  a  Member  of  the  Council,,  in  the  room  of 
A.  Champemowne,  Esq.,  deceased. 


VOL.  XLin. 
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TO  THE 

LIBRARY  AND  MUSEUM  OF  THE  GEOLOGICAL  SOCIETY. 
Session  1886-87. 


I.  ADDITIONS  TO  THE  LIBRARY, 

1.  Febiobicais  akd  PuBLiCATioirs  OF  Leabksd  Societies. 

Presented  hy  the  respective  Societies  and  Editors,  if  not  othsrwiu 

stated. 

Academy,    Nos.  738-764.     1886. 

,    Nofl.  765-789.     1887. 

Adelaide.  Royal  Society  of  South  Australia.  TransactioDs  and 
ProceediDgs  and  Report.  Vol.  viii.  188^-85.  1886. 
J.  J.  East.  On  a  Geological  Section  from  the  Head  of  St.  Vincent 
Gulf  eastward  across  the  \Vaketield  and  Light-River  Basins,  1. — G. 
Scoular.  Past  Climatic  Changes,  with  special  reference  to  the  occtirrence 
of  a  Glacial  Enoch  in  Australia,  86. — R.  Tate.  Post-Miocene  Climate  in 
South  Australia,  49, — W.  Ilowchin.  On  the  Fossil  Foraminifera  from 
the  Government  Boring  at  Hergott,  with  general  remarks  on  the  Section^ 
and  on  other  forms  of  Xlicrozoa  observed  therein,  79. — R.  Tate.  Supple- 
mental Notes  on  the  Palliobranchs  of  the  Older  Tertiary  of  Australia, 
and  a  desciiption  of  a  new  Species  of  Hht/nckonella,  94. — R.  Tat«.  The 
Lamellibranchs  of  the  Older  Tertiary  of  Australia,  Part  1,  96. 

A  gram.    Societas  Historico-Naturalis  Croatica.    Glasnik.   Godina  1. 
Broj.  1-6.     (8vo.)     1886. 
D.  Gorjanovic-Kramberger.     Palaeoichthyologische  Beitrage,  122. 

Analyst.     Vol.  xi.     Nos.  122-128.     1886. 

A.  Percy  Smith.    On  the  Micro-chemical  examination  of  Crystalline 
Rocks,  191. 

.     Vol.  xii.    Nos.  129-134.     1887. 

Annals  and  Magazine  of  Natural  History.  Ser.  5.  Vol.  xTiii.  Nos. 
lOa-108.  1886.  Purchased, 
H.  A.  Nicholson.  On  some  new  or  imperfectly-known  Species  of 
Stromatoporoids,  8. — H.  Rauff.  On  the  Genus  Hitidia^  169. — H.  B. 
Brady.  Note  on  Orbitolites  italicOf  Costa,  sp.  (Orbitolites  tenuimmaj 
Carpenter),  191. — P.  M.  Duncan.  On  the  Genus  Hindia  and  its  Species, 
2'2i^. — T.  Rupert  Jones  and  James  W.  Kirkby.  Notes  on  the  Palaeozoic 
Bivalved  Entomostiaca,  No.  XXII.;  249.— P.  H.  Carpenter.    Note  on 
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the  Structure  of  CrotalocrmuSf  397. — R.  H.  Traquair.    On  HarpacanthuSf 
a  new  Q  en  us  of  Carboniferous  Selachian  Spines,  493. 

Annals  and  Magazine  of  Natural  History.  Ser.  5.  Vol.  xix. 
Nos.  109-114.  1887.  Purchased. 
H.  A.  Nicholson.  On  some  new  or  imperfectly-known  Species  of 
Stromatoporoids,  1. — G.  R.  Vine.  Notes  on  a  Species  of  Entcdophora 
from  the  Neocomian  Clay  of  Lincolnshire,  17. — P.  H.  Carpenter.  The 
Morphology  otAntedmi  rosacea^  19. — G.  J.  Hinde.  On  the  Genus  Hindia, 
Duncan,  and  the  Name  of  its  Typical  Species,  67. — P.  H.  Carpenter.  The 
Generic  Position  of  SolanocrinuSy  81. — P.  M.  Duncan  and  W.  P.  Sladen. 
On  some  Points  in  the  Morphology  and  Classification  of  the  Saleniidad, 
Agassiz,  117. — T.  Rupert  Jones  and  James  W.  Kirkby.  Notes  on  the 
PalfiBOzoic  Bivalved  Entomostraca,  No.  XXIII.,  177;  No.  XXIV.,  400.— 
P.  M.  Duncan.  A  reply  to  Dr.  G.  J.  Hinde's  Communication  **  On  the 
Genus  Hindia,  Dune,  and  the  name  of  its  Typical  Species,"  260. 

Athenffiiun  (Journal).    Noa.  3061-3087.     1886. 

.    Nos.  3088-3112.     1887. 

.    Parts  702-708.     1886. 

.    Parts  709-714.     1887. 

Bamsley.     Midland   Institute  of  Mining,   Civil,  and  Mechanical 
Engineers.     Transactions.     Vol.  x.     Parts  82-87.     1886  and 
1887. 
R.  Gascoyne.    On  the  Eastern  Extension  of  the  Leeds  and  Nottingham 

Coal-field,  ^60. 

Basel.     Naturforschende  GeseUschaft.    Yerhiandlungen.    Theil  viii. 
Heft  1.     1886. 
V.  Gilli^ron.    La  faune  des  couches  &  MytiluB  consid^r^  comme  phase 
m^onnue  de  la  transformation  de  formes  animaleS;  133. 

.     Schweizerische  palaontologisohe  GeseUschaft.     Abhandlun- 

gen.     VoLxiii.     1886.     1886.     Purchased. 
F.  Koby.    Monographie  des  polypiers  jurassiaues  de  la  Suisse,  6*  partie. 
No.  1. — ^A.  Wettstein.     Ueber  die  Pischfauna  des  tertiaren  Glarnerschie- 
fei-s.  No.  2. — P.  de  Loriol  et  I'Abb^  Bourgeat.    Etude  sur  les  mollusques 
des  couches  de  Valfiu;  No.  3. 

Bath  Natural-History  and  Antiquarian  Field  dub.    Yol.  yi.  No.  2. 
1887. 
H.  B.  Woodward.    Notes  on  the  Geology  of  Brent  Knoll,  in  Somerset- 
shire, 125.— II.  B.  Woodward.    Notes  on  the  Ham  Hill  Stone,  182. 

.     Royal  Literary  and  Scientific  Institution.      16th  Annual 

Report,  1884.     1885. 

Belfast  Natural-History  and  Philosophical  Society.      Report  and 
Proceedings  for  1885-86.     1886. 
W.  H .  Patterson.    The  History  and  Legends  of  some  Irish  Lakes,  7.— 
W.  Swanston.    Important  local  geological  discovery,  18. 

Naturalists'  Field  Club.      Annual  Report  and  Proceedings. 

1885-86.    Series  2.    YoL  ii.     Parte.     1887. 

%2 


Digitized  by  LjOOQ IC 


94  IDDIHOKS  TO  THE  UBBABT. 

Berlin.  Beatache  geologische  Gesellschaft.  Zeitschrift.  Band 
xxxviii.  Hefte2-4.  1886. 
G.  BereDdt.  Der  oberoli^ocane  Meereflsand  zwiachen  Elbe  undOder, 
2-5o. — G.  De  Qeer.  Ueber  em  Conglomenit  im  Urgebiige  bei  Westanl  in 
Schonen,  269. — J.  Walther  und  P.  Schirlitz.  Studien  zur  Geologic  des 
Golfee  Ton  Neapel,  295. — R.  Beck.  Beitrajre  zur  Kenntniss  der  Flora  dee 
sachsischen  Oligocans,  342. — F.  Wabnscbaffe.  Die  lossartigen  Kldungen 
am  Rande  des  norddeutschen  Flachlandea,  353. — A.  v.  Groddeck.  Zur 
Kenntnisa  der  Zinnerzli^erstatten  des  Mount  Biscboff  in  Tasmanien,  370l 
— K.  Keilhack.  Beitracre  zur  Geologie  der  Insel  Island,  376. — C.  W. 
Scbmidt.  Ueber  das  Gebirgsland  Ton  Usambara,  450. — F.  J.  P.  Van 
Calker.  Ananchytes  mdcatus  in  Diluvialpreschieben  der  Gegend  von  Nienw 
Amsterdam,  452. — Vanhofen.  Einige  nir  Ostpreussen  neue  Geschiebe, 
454. — Giirich.  Ueber  Dactyl omuruSf  457. — A.  Penck.  Beobachtungen 
iiber  den  Aufbau  des Elballuvium  bei  Hamburgvon  Herm  E.  Wichmann, 
458. — J.  Felix.  Untersuchungen  iiber  fossile  Holzer,  483. — H.  Credner. 
Pas  *' marine  Oberoligocan '*  von  Markranstadt  bei  Leipzig,  493. — C. 
BAmmelsberg.  Ueber  die  chemische  Natur  des  Eudialyts,  497. — C.  Kam- 
melsberg.  Seitrage  zur  chemischen  Kenntniss  des  Vesuvians,  507. — A. 
Wichmann.  Zur  Geolorie  von  Nowaja  Semlja,  516. — y^.  Dames.  Ueber 
einige  Crustaceen  aus  den  Kreideablagerungen  des  Libanon,  551. — H. 
Credner.  Die  Stegocephalen  aus.dem  Rothliegenden  des  Plauen'schen 
Grundes  bei  Dresden,  vi,  576. — K.  Obbeke.  Ueber  denQGlankophan  und 
seine  VerbreitunginGe8teinen,634. — E.Geinitz.  Ueber  Asar  una  Kames 
in  Mecklenburg,  654. — F.  Boroer.  Ueber  ein  massenhaftes  Vorkommen 
Ton  grossen  Granat-Krystallen  im  Boden  der  Stadt  Breslau,  723.— G. 
Bohm.  Die  Gattungen  Packt/meffoloden  und  Durgoj  728. — ^.  Bmbms. 
Der  Porpbyritzung  von  Wilsdruff-Potschanpel,  736. — F.  Romer.  Notia 
iiber  Bilobiten-abnliche  als  Diluvial.Ge8cbiei>B  vorkommende  Korper,  762. 
— C.  Ochsenius.  Ueber  das  Alter  einiger  Theile  der  siidamericanischen 
Anden,  766. — J.  T.  Sterzel.  Neuer  Beitra^e  zur  Kenntniss  von  Diekto-' 
nites  Pfuckenetif  BrongmBTtf  ep.  J  77S. — F.Notling.  Ueber  die  Lagerung&- 
verhaltnisse  einer  quartaren  Fauna  im  Gebiete  des  Jordanthals,  807. — 
F.  Notling.  Entwurf  einer  Gliederung  der  Kreideformation  in  Svrien 
und  Palastina,  824. — K.  Picard.  Ueber  Opbiuren  aua  dem  Oberen  Mus- 
chelkalk  bei  Soblotheim  in  Thiiringen,  876. — A.  von  Konen.  Ueber  das 
Mittel  Oligocan  von  Aarhus,  Jutland,  883. — H.  Kunisch.  Volizin  krap- 
pitzensUj  nov.  spec.,  aus  dem  Muschelkalke  Oberscblesiens,  894. — C. 
Schliiter.  Archtpocyathus  im  nissischen  Silur  ?,  899. — E.  Geinitz.  Aus- 
etehender  oligocaner  Sand  in  Mecklenburg,  910.-^0.  Ochsenius.  Ueber 
das  Auftreten  von  Phospborsaure  im  Natron-salpeterbecken  von  Chile, 
911. 

.     Gesellschaft  naturforschender  Freunde.     Sitzungs-Berichie. 

Jahrgang  1886.  1886. 
E.  Koken.  Ueber  Gehim  und  Gehor  fossiler  Crocodiliden,  2. — E.  Weiss, 
Ueber  Sigillarien,  6. — F.  Notling.  Vorlegung  einiger  fossiler  Haifischzahne, 
1 .3. — F.  Notling.  Vorlegung  von  Cnistaceenresten  aua  dem  oberoligocanen 
Stemberger  Gestein,  32. — W.  Dames.  Vorlegung  eines  subfossilen  Cro- 
codil-Humerus  von  Madagascar,  68. — E.  Weiss.  Mittheilungen  zur  Sigil- 
larien-Frage,  70. — E.  v.  Martens.  Vorzeigung  von  Prof.  Schweinfurth 
gesammelter  subfossiler  Siisswasser-Concbjlien  aus  dem  Fajum-Becken 
in  ^gypten,  126. 

.     Koniglich-pretiBsische  Akademie  der  Wissenschaften.    Sit- 

znngsberichte,  1886.     Nos.  1-53.     1886. 
C.  Rammelsberg.    Ueber  die  chemische  Natur  des  Eudialyts,  441. — 
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J.  Eiefisling;.  Die  Bewegung  des  Erakatau-Rauches  im  September  188*3, 
629. — J.  Partsch.  Bericht  iiber  die  wisaenflchaftlichen  Ergebniase  seiner 
Reisen  auf  den  Inaeln  des  loniachen  Meeres,  615. — C.  Gottsche.    Geolo- 

f*3che  Skizae  von  Korea,  867. — J.  Roth.  Beitra^e  zur  Petrographie  von 
orea,  875. — J.  Roth,  Vulcanische  Ausbruch  in  N ord-Neuseeland,  940. — 
J.  Roth.  Erdbeben  in  Malta,  943.— M.  Websky.  Ueber  Oaracolit  und 
Percy  lit,  1045. — A.  Ai-zruni.  Mineralogisches  aus  dem  Sanarka-Gebiet 
im  Sud-Ural,  1211. 

Berlin.     Koniglich-preussiscbe  Akademie  der  Wissenschaften.     Sitz- 
ungsberichte,  1887.     Nos.  1-18.     1887. 

.     Koniglioh  preussische  geologische  Landesanstalt  und  Berg- 

akademie.     Jahrbuoh.     1880-84.     1881-85. 

;-.     .     Jahrbuch  fur  das  Jahr  1885.     (8vo.)     1886. 

Mittheilungen  aus  der  Anstalt,  vii-xcv. — ^A.  von  (iroddeck.  Studien 
iiber  Thonschiefer,  Gangthonschiefer  und  Sericitschiefer;  1. — A.  von 
Konen.  Ueber  das  Verhalten  von  Dislokationen  im  nordwestlicheii 
Deutschland,  63. — H.  Loretz.  Zur  Beurtheilung  der  beiden  Haupt- 
Streichrichtungen  im  aiidostlichen  Thiiringer  Walde,  besonders  in  der 
Gegend  von  Grafenthal,  84. — E.  H.  Zimmermann.  Ein  neuer  Monomy- 
arie  aus  dem  ostthiiringischen  Zechstein  (Pros^andulus  Liebeanus\  105. — 
E.  Weiss.  Untersuchungen  im  Rybniker  Stemkohlengebiete  Oberschle- 
siens,  120. — F.  Wahnschaffe.  Mittheilungen  iiber  das  Alluvium  der 
Rathenower  Gegend,  124. — H.  Grebe.  Ueber  Thalbildung  auf  der  linken 
Rheinseite,  insbesondere  iiber  die  Bildung  des  untern  Nahetbales,  133. — 
H.  Grebe.  Neuere  Beobachtunc^en  iiber  vulkanische  Erscheinungen  am 
Mosenberg  bei  Manderscheid,  bei  Birresborn  und  in  der  Gegend  von 
Bertrich,  165. — K.  T.  Liebe  und  E.  Zimmermann.  Die  jiingeren  Eruptiv- 
gebilde  im  Siidwesten  Ostthuringens,  178. — K.  A.  Lossen.  Geologische 
und  petrographische  Beitrage  zur  Kenntniss  des  Ilarzes,  191. — H.  Sclmider. 
Ueber  zwei  neue  Fundpunkte  mariner  Diluvialcouchylien  in  Ostpreussen, 
219. — C.  E.  Weiss.  Geriille  in  und  auf  der  Kohle  von  Steinkohlenflotzeu 
besonders  in  Oberschleaien,  242. — W.  Frantzen.  Die  Entstehung  der 
Losspuppen  in  den  alteren  lossaitigen  Thonablagerungen  des  Werrathalea 
bei  Memingen,  257. — J.  G.  Bomemann.  Beitrage  zur  Keuntniss  des 
Muschelkalks  in  Thiiringen,  267. — F.  Klockmann.  Charakteristische 
Diabas-  und  Gabbro-Typen  unter  den  norddeutschen  Diluvialgeschieben, 
322. — G.  Berendt.  Geo^nosti.sche  Skizze  der  Gegend  von  Glogau  und 
das  Tiefbohrloch  im  dortiger  Kriegsschule,  347. — C.  E.  Weiss.  Ueber  eine 
Buntsandstein-Sigillaria  und  derun  nachste  Verwandte,  356. — C.  E.  W^eiss. 
Nachtrag  zu  der  Abhandlung  *'  Gerolle  in  und  auf  der  Kohle  von  Stein- 
kohlenflotzen,  besonders  in  Oberschleaien/'  362. — H.  Grebe.  Ueber  die 
Verbreitung  vulkanischen  Sandes  auf  den  Hochfliiehen  zu  beiden  Seiten 
der  Mosel,  364. — R.  Klebs.  Gastropoden  im  Bsrnstein,  366. — A.  Jentzsch. 
Das  Protil  der  Eisenbahn  Berent-Schoneck-Hohenstein,  396. — A. 
Jentzsch.    Das  Proiil  der  Eisenbahn  Zajouskowo-Lobau;  424. 

E.  Ramann.  Der  Ortstein  und  ahuliche  Secundarbildungen  in  den 
Diluvial-  und  Alluvial-Sanden,  1. 

.     Palaontologische  Abhandlungen.     Band  iii.     Hefte  3  &  4. 

1886.     Purchased. 

F.  Freeh.  Die  Cyathophylliden  und  Zaphrentiden  des  deutschen 
Mitteldevon,  1  (Heft  3).— J.  T.  SterzeL  Die  Flora  des  Rothliegenden  im 
uordwestlichen  Sachsen,  1  (Heft  4). 
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Berlin.    Zeitschrift  fur  das  Berg-,  Hiitten-  und  Salinenweeen  im 

preuBsischen  Staate.     Band  xxxiv.     Lief.  3  &  4.     1886.    Pr^ 

sented  by  the  Ministry  of  Public  Works, 

Brathuhn.    Die  Umarbeitung  der  Oberharzer  Grubenrisse,  175. — Gra»- 

mann.    Daa  Richelsdorfer  Kupfer-  und  Kobaltwerk  in  Hessen,  195. — 

W.  RitteTshaus.     Der  Iberger  kalkstock  bei  Grund  am  Harze,  207. 

Band  xxxir.     Statistiache  lieferangen  1-3.     1886. 

-.    Band  xxxiv.     Atlas.     Tafeln  1-19.     1886. 

Band  xxxr.  lief.  1  &  2.  1887. 
E.  Hilger.  Die  Ablagerung  der  productiven  Steinkohlenformation  in 
der  Horst-Recklinghausener  Mulde  des  Niederrheinisch-Westfalischen 
Steinkohlenbeckens,  unter  besonderer  Beriicksichtigung  der  neuesten  Auf- 
scbliisse  der  Zechen  Scblagel  und  Eisen,  Ewald,  Graf  Bismarck,  General 
Blumentfaal  und  Konig  Ludwig,  80. — ^E.  Cappell.  Ueber  die  Enfiihning 
der  Oberachlesiechen  Trias  nordlich  von  Tamowitz,  O.S.,  99. 

.     .     Band  XXXV.     Atlas.    Tafeln  1-12.     1887. 

Bern.     Schweizer  Alpenclub.     Jahrbuch.    Jabrgang  21,  1885-86. 
1886.     Also  Beilagen.     Purchased. 
A.  Heim.     Notizen  iiber  Wirkungen  des  Blitzscbla^  auf  Gesteine, 
842. — F.  A.  Forel.    Les  yariations  piriodiques  des  glaciers  des  Alps,  358. 

■  .    ,    Bepertorinm  und  Ortsregister.    Band  i.-xx. 

8vo.     1886. 

Birmingham.     Mason  Science  College.     Calendar  for  the  Session 
1886-87.     1886. 

Birmingham  Philosophical  Society.  Proceedings.  Vol.  v.  Part  1 
(1885-86).  1886. 
C.  Davison.  On  the  Existence  of  Undisturbed  Spots  in  Earthquake- 
shaken  Areas,  57. — J.  H.  Player.  Amdyses  of  Basalts,  122. — 11.  W. 
Crosskey.  Note  on  the  Glacial  Geology  of  the  district  around  Loch 
Sween,  Argyllshire,  219. 

Bordeaux.  Societe  linneenne.  Actes.  Vol.  xxxiv.  (S^r.  4,  Tome  ix.). 
1885. 
E.  A.  Benoist.  Description  g^olo^que  et  pal^ntologique  des  com- 
munes de  Saint-Est^phe  et  de  Vertheuil,  79,  801. — £.  A.  TVnoist 
K^ vision  de  la  list  des  esp^s  fossiles,  appartenant  aux  families  des 
BuccinidtB  et  des  Nassid^y  trouv^es  dans  les  faJuns  mioc^naq  dn  Sud- 
Quest,  xvi. — E.  A.  Benoist.  Sables  ^ruptifs  des  gravieres  de  Monrepos, 
xxiv. — E.  A.  Bt^noist.  Oompte-rendu  g^ologique  de  Texcur^ion  trimes- 
trielle  faite  a  Villandraut  et  a  Balizac,  xxxi. — E.  A.  Benoist.  Forage 
d'un  puits  au  moulin  de  Perron,  commune  de  Landiras,  xxxiii. — E.  A. 
Benoist.  Le  puits  art^sien  du  Pare  Bordelas,  1. — E.  A.  Benoist.  Oompte- 
rendu  g^ologique  de  Texcursion  tnmestrielle  k  Vertheuil,  Ixii. 

Boston  (Cambridge).     American  Academy  of  Arts  and   Sciences. 
Memoirs.     Centennial  volume.     Vol.  xi.    Part  4.    Nos.  4  A  5. 

1886. 

. .     Proceedings.     N.  S.    Vol.  xiii.  (whole  ser.  voL  xxi.). 

Part  2.     1886. 
P.  W.  Huntington.    On  the  Crystalline  Structure  of  Iron  Meteorites, 

4  78. 
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Boston  (Cambridge).     American  Academy  of  Arts  and  Sciences. 

Proceedings.     N.  8.     Vol.  xiv.  (whole  ser.  vol.  xxii.).     Part  1. 

1886.     1887. 
G.  W.  Leighton.     Contributions  £rom  the  Chemical  Laboratory  of 
Harvard  College,  168. 

.     Society  of  Natural  History.    Memoirs.     Vol.  iii.     Nos.  12 

&  13.     1886. 
S.  H.  Scudder.    The  oldest  known  Insect-larva,  Mormoliicoides  articu- 
latusy  from  the  Connecticut-River  Rocks,  431. — S.  H.  Scudder.    Note  on 
the  supposed  Myriapodan  Genus  Trichiulm,  438.— S.  H.  Scudder.    A 
Review  of  Mesozcic  Cockroaches,  439. 


Proceedings.     Vol.  xxiii.     Part  2.     1886. 


M.  E.  Wadsworth.  On  the  relation  of  the  "  Keweenawan  Series"  to 
the  Eastern  Sandstone  in  the  vicinity  of  Torch  Lake,  Michigan,  172. — 
M.  E.  Wadsworth.  The  Theories  of  Ore-Deposits,  197.— M.  E.  Wads- 
worth.  On  a  supposed  Fossil  from  the  Copper-bearing  Rocks  of  Lake 
Superior,  208. 

Brisbane.     Acclimatization  Society  of  Queensland.     20th  Report, 
1885.     1886. 

Bristol  Museum  and  Library.     Report  of  Proceedings  at  the  16th 
Annual  Meeting,  held  24th  February,  1887.     1887. 

British  Association  for  the  Advancement  of  Science.  Report  of  the 
66th  Meeting,  held  at  Aberdeen  in  September  1886.  1886. 
J.  D.  Everett.  Seventeenth  Report  of  the  Committee  appointed  for  the 
purpose  of  investigating  the  Rate  of  Increase  of  Underground  Tempera- 
ture downwards  in  various  localities  of  Dry  Land  and  under  Water,  93. — 
T.  Rupert  Jones.  Third  Report  of  the  Committee  on  the  Fossil  Phyl- 
lopodn  of  the  PalsBozoic  Rocks,  326. — J.  Milne.  Fifth  Report  of  the 
Committee  appointed  for  the  purpose  of  investigating  the  Earthquake 
Phenomena  oi  Japan,  302. — C.  E.  De  Ranee.  Eleventh  Report  of  the 
Committee  appointed  for  the  purpose  of  investigating  the  Circulation  of 
Underground  Waters  in  the  Permeable  Formations  of  England  and  Wales, 
and  the  Quantity  and  Character  of  the  Water  supplied  to  various  Towns 
and  Districts  from  these  Formations,  382. — H.  J.  Jonnston-Lavis.  Report 
of  the  Committee  for  the  Investigation  of  the  Volcanic  Phenomena  of 
Vesuvius,  395. — J.  S.  Gardner.  lieport  of  the  Committee  on  the  Fossil 
Plants  of  the  Tertiary  and  Secondary  Beds  of  the  United  Kingdom,  39(5. 
— W.  Topley.  Report  of  the  Committee  appointed  for  the  purpose  of 
inquiring  into  the  Rate  of  Erosion  of  the  Sea-coasts  of  England  and 
W^les,  and  the  Influence  of  the  Artificial  Abstraction  of  Shingle  or  other 
material  in  that  action,  404. — G.  R.  Vine.  Report  of  the  Committee 
appointed  for  the  purpose  of  reporting  on  recent  Polyzoa,  48L — T.  G. 
Bonney.  Report  on  the  Rocks  collected  by  H.  H.  Johnstone,  Esq.,  from 
the  upper  part  of  the  Kilima-niaro  massif,  682. — C.  Meldrum.  A  Tabular 
Statement  of  the  Dates  at  which,  and  the  Localities  where,  Pumice  or 
Volcanic  Dust  was  seen  in  the  Indian  Ocean  in  1883-84,  773.— W. 
Whitaker.  List  of  Works  on  the  Geology,  Mineralogy,  and  Palseontology 
of  Staffordshire,  Worcestershire,  and  Warwickshire,  780. — A.  Harker. 
On  Slatv  Cleavage  and  Allied  Rock-Structures,  with  special  reference  to 
the  Mechanical  Theories  of  their  Origin,  813.— -J.  W.  Judd.  Presidential 
Address  to  Section  C,  Geology,  904.— -G.  A.  Lebour.  On  some  recent 
Earthquakes  on  ike  Durham  Coast,  and  their  probable  cause^  1013. — E. 
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Hull.  Notice  of  an  Outline  Geoloirical  Mi^  of  Lower  Egypt,  Arabia 
Petrsea,  and  Palestine,  1016. — E.  IlulL  On  the  Occuirence  of  Lower 
Old  Bed  Conglomeiate  in  the  Promontory  of  the  Fanad,  North  Donegal, 
1016.— T.  G.  Bonney.  On  Baatite-Serpentine  and  Troktolite  in  Aber- 
deenshire ;  with  a  Note  on  the  Rock  of  the  Black  Dog,  1016. — ^W.  lyison 
Macadam.  On  certain  Diatomaceoue  Deposite  (Diatomite)  from  the  Peat 
of  Aberdeenahire,  1017. — T.  Anderson.  The  Volcanoes  of  Auveigne,  1017. 
— ^R.  L.  Playfair.  On  the  Re-discovery  of  lost  Numidian  Marbles  in 
Algeria  and  Tunis,  1018.— W.  Watson.  The  Chasm  called  the  Black 
Rock  of  Kilteam,  1018. — J.  Davidson.  The  Bass  of  Inverurie,  a  frag- 
ment of  an  ancient  Alluvial  Bed,  1019. — H.  Carvill  Lewis.  The  Direction 
of  Glaciation  as  ascertained  by  the  Form  of  the  Strise,  1019. — W.  F. 
Stanley.  Proposed  Conditions  to  account  for  a  former  Glacial  Period  in 
Great  Britain,  existing  under  similar  meteorological  conditions  to  those 
that  rule  at  the  present  time,  1020. — H.  Hicks.  On  the  Fynnon  Beuno 
and  Cae  Gwyn  Bone-Caves,  North  Wales,  1021.— J.  G.  Phillips.  The 
Elgin  Sandstones,  1023. — R.  H.  Traquair.  Preliminary  Note  on  a  new 
Fossil  Reptile  recently  discovered  at  New  Spynie,  near  Elgin,  102»5.— C. 
Lapworth.  The  Highland  Controversy  in  British  Geology ;  its  Causes, 
Course,  and  Coosequences,  1025. — B.  N.  Peach  and  J.  Home.  The 
Geology  of  Durness  and  EriboH,  with  special  reference  to  the  Highland 
Controversy,  1027. — ^T.  G.  Bonney.  Preliminarv  Note  on  some  Traverses 
of  the  Crystalline  District  of  the  Central  Alps,  1027. — H.  C.  Lewis.  Some 
Examples  of  Pressure-Fluxion  in  Pennsylvania,  1029.— J.  Gunn.  On 
Rocks  of  Central  Coithne&s,  1030. — A.  lienard.  On  some  Rock-Sped- 
mens  from  the  Islands  of  the  Fernando  Noronha  Group,  1031. — E.  HilL 
On  the  Average  Density  of  Meteorites  compared  with  tnat  of  the  Earth, 
1031. — H.  Drummond.  Notes  on  a  recent  Examination  of  the  Geology 
of  East  Central  Africa,  1032.— M.  Schuster.  Some  Results  of  the  Cry- 
stallographic  Study  of  Danburite,  1033. — Sir  R.  Owen.  American  Evi- 
dences of  Eocene  Mammals  of  the  "Plastic  Clay"  Period,  1033. — II. 
Miller.  Some  Results  of  a  detailed  Survey  of  the  Old  Coast-lines  near 
Trondhjem,  Norway,  1033. — J.  Melvin.  The  Parallel  Roads  of  Lochaber, 
1035. — B.  N.  Peacti  and  J.  Home.  Further  Evidence  of  the  Extension 
of  the  Ice  in  the  North  Sea  during  the  Glacial  Period,  1036.— H.  M, 
Cadell.  Recent  Advances  in  West  Lothian  Geoloj^T,  1037. — F.  Clowts. 
Barium  Sulphate  as  a  Cementing  Material  in  Sandstone,  1038. — A.  C.  G. 
Cameron.  Notes  on  Fuller  s  Earth  and  its  applications,  10.'i9. — J.  C.  How- 
den.  On  the  Glacial  Deposits  at  Montrose,  1040. — A.  Ross.  Notes  on  the 
Rocks  of  St.  Kilda,  1040.— W.  Whitaker.  On  Deep  Borings  at  Chatham : 
a  Contribution  to  the  Deep-flea  ted  Geology  of  the  London  Basin,  1041. — 
W.  Whitaker.  On  the  Waterworks  at  Goldstone  Road,  Brightr.n,  1041. 
— O.  C.  Marsh.  On  the  Size  of  the  Brain  in  Extinct  Animals,  1065. — 
D'Arcy  W.  Thompson.  On  the  Hind  Limb  of  Ichthyosaurus  and  on  the 
Morphology  of  Vertebrate  Appendages,  10()5. — E.  Hull.  On  the  Origin 
of  the  Fishes  of  the  Sea  of  Galilee,  1063.— E.  Hull.  On  the  Cause  of  the 
Extreme  Dissimilarity  of  the  Faunas  of  the  Red  Sea  and  Mediterranean, 
10(58.— T.  Wilson.  A  new  Cave-Man  of  Mentone,  1218.— W.  Pengelly. 
Happaway  Cavern,  Torquay,  1219. 

Brussels.  Musee  Royal  d'Histoire  Naturelle  de  Belgique.  BuUetin. 
Tome  iy.  Nos.  2-4.  1886. 
P.  Pelseneer.  Notice  svr  un  Crustac^  des  sables  yerts  de  Grandpr^,  47. 
— A.  Rutot.  La  tranch^e  de  Hainin,  61. — L.  DoUo.  Premiere  Note  sur 
lee  Chdioniens  du  Bruxellien  (Eocene  moyen)  de  la  Belgique,  7o. — L. 
Dollo.  Premiere  Note  ^ur  les  Ch^loniens  landeniens  (Eocene  inf^rieur)  de 
la  Belgique,  129. — P.  Pelseneer.    Notice  sur  les  Crustac^  d6capodas  du 
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Maestrichtien  du  limbourg,  161. — A.  Renard.  Notice  sur  la  g^ologie  de 
Tile  de  Eeiguelen,  223.— €.  Kiement  Notice  sur  la  composition  chimique 
de  la  m^t^rite  de  Saint-Denifl-WeBtrem  (Flandre  orientale),  273. 

Brossels.      Society  Royale  Malacologiqae  de  Belgique.    Annales. 
Tome  XX.     (S^r.  3,  Tome  v.)     1886.     1886. 

MHnoires. 
F.  L.  Cornet.  Sur  une  coupe  observe  a  Mesvin  dans  le  terrain  quaier- 
nairo;  3.— E.  Delvaux.  £poque  quatemaire — Quelques  mots  sur  le  grand 
bloc  erratique  d'Oudenbosch,  prte  de  Br^da,  et  sur  le  d^p6t  de  roches  ffra- 
nitii^ues  scandinayes  dteouyert  dans  la  region,  6. — £.  Delvaux.  Note 
succmcte  sur  Texcursion  de  la  Soci^t^  giSologique  de  Belgique  k  Spa, 
Stayelot  et  Lammersdorf,  15. — A.  Rutot.  Sur  le  terrain  quatemaire  des 
environs  de  Mens,  24. — It.  Foresti.  Note  sur  le  sous-genre  Smendovia, 
Toumouer  (1882),  27. — A.  Meunier  et  £d.  Pergens.  Nouveaux  Bryozo- 
aires  du  Cr6tacd  Sup^rieur,  32. — A.  Nobre.  Catalogue  des  Mollusquee 
des  environs  de  Coi'mbre  (Portugal),  45. 

Bulletin. 
O.  Van  Ertbom  et  P.  Cogels.  Note  sur  les  cons^c^^uences  de  certaines 
erreurs  d*interpr6tation  au  point  de  vue  g^ologique,  vii,  xix. — E.  Van  den 
Broeck.  B^ponse  ^  la  note  de  MM.  Van  Ertbom  et  P.  Cogels,  x,  xxii. — 
A.  Rutot.  Quelques  mots  sur  T^tage  Asschien,  xiii. — E.  Van  den  Broeck. 
De  la  constitution  g^logique  du  territoire  de  la  feuille  d  'Aerschot, 
d'apr^s  la  carte  au  1 :  20,000  de  MM.  Ertbom  et  Cogels,  et  d*apr^s  les 
lev^s  du  service  otticiel,  lix. — F.  L.  Comet.  Note  sur  deux  gisements  des 
sables  et  argiles  d'Hautrages,  Ixziii. — ^A.  Rutot.  Sur  les  r^ultats  de 
r^tude  des  Stages  Landenien  et  Heersien  sur  les  feuilles  de  Landen, 
Saint-Trond  et  Heers,  Ixxv. — A.  Rutot  et  E.  Van  den  Broeck.  Note  sur 
la  nouvelle  classification  du  terrain  quatemaire  dans  la  basse  et  dans  la 
moyenne  Belgique,  bcxviii. — A.  Rutot  et  E.  Van  den  Broeck.  Note  pr6- 
liminaire  sur  I'age  des  di verses  couches  confondues  hous  le  nom  de  Tufeau 
de  Ciplv,  xciii. — F.  L.  Comet  et  A.  Briart. — Sur  Tage  du  tufeau  de  Ciply, 
c. — ^A.  ilutot  et  E.  Van  den  Broeck.  Sur  I'age  tertiaire  du  tufeau  de 
Ciply,  cviii,  cxiii. 

.     .    Proc^s-Verbaux  des  Seances.    Tome  xr.     1886-87. 

Pp.  i-oxliii.  1886-87. 
A.  Briart  et  H.  Crosse.  Rapport  sur  "  Catalogue  des  coquilles  fossiles 
de  r^oc6ne  des  environs  de  Paris,"  v. — E.  Van  den  Broeck.  Note  sur  une 
observation  faite  k  Schriek  (Feuille  dlleyst-op-den-Berg)  montrant, 
contrairement  aux  Lev^s  G^ologiques  de  MM.  Van  Ertbom  et  Cogels, 
I'absence  d'liocfene  Wemmelien  dans  le  territoire  de  la  Feuille  d'Heyst- 
op-den-Berg,  x. — P.  Cogels  et  0.  Van  Ertbom.  De  la  limite  m^ridionale 
de  Targile  de  Boom  sur  la  planche  d'Heyst-op-den-Berg,  xvi. — P.  Cogels 
et  O.  van  Ertbom.  Contribution  k  I'^tude  des  terrains  quaternaires,  xxiii. 
— E.  Van  den  Broeck.  Quelques  mots  en  r^ponse  aux  lectures  faites  par 
MM.  Cogels  et  Van  Ertbom,  xxxviii. — 0.  Van  Ertbom.  Les  coupes  et  la 
yaleur  scientifique  des  ^Lantillons  de  quelques  puits  art^siens,  &c.  &c., 
xlv. — J.  Lorie.  Note  sur  le  forage  d'Amhem,  xliv. — P.  Cogels  et  0.  Van 
Ertbom.  De  Tlnfraheersien  et  du  niveau  occupy  par  le  cr6tac6  sur  le 
territoire  de  la  feuille  de  Bilsen,  lix. — P.  Cogels  et  0.  Van  Ertbom.  Note 
sur  un  giaement  de  bois  de  Rennes  incis^  par  I'Homme  dans  les  argiles 
quatemaires  de  la  Camnine,  ci. — G.  Vincent.  Note  sur  un  gite  fossilif^e 
quatemaire  observe  a  Veeweyde,  prte  de  Duysbourg,  cxxiv.  — D.  Raey- 
maekers.  Sur  la  presence  de  foseoles  tongriens  fluvio-maiins  sur  la  plan- 
chette  de  Louvain^  cxxvi. 
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Buckhurst  Hill.    Essex  Field  Club.    Tranaacfcioiis.    Vol.  iv.    Part  2 

(1886).     1886. 
W.  WMtaker.    Some  Essex  WeU-Sectioiis,  140. 

.     .     Essex  Naturalist  (continuation  of  above).     1887. 

Nos.  1-4.     1887. 
T.  V.  Holmes.    On  the  Subsidence  at  Lexden,  near  Colchester,  1. — 
W.  G.  Smith.    PrimeBval  Man  in  the  Valley  of  the  Lea,  36, 83.— O.  Fisher. 
On  the  Subsidence  at  Lexden,  near  Colchester,  in  1862,  39. 

Buda  Pest.  Magyar  Foldtani  Tdrsulat.  (Ungarische  geologische 
Gesellschaft.  Geologische  Mittheilungen.)  Foldtani  Kozlooy. 
Kotet  XV.  Fuzet  6-12  (1885).  1885. 
J.  Bockh.  A.  m.  Kir.  FoIdUni  Int^zet  6vi  jelent^  1884-r6l,  217.— 
J.  MatyasoTBzky.  A  R^zhegyseg  £  Ny-i  v^g^n,  a  Nagy-Bdrod  6s  Felso- 
Darna  kozott  eszkozolt  r^zletes  fdlvetelrol,  246. — L.  Loczy.  A  Maros  6s 
a  Feh^r-Koros  Kozotti  hegyvid^ken  eszkozolt  foldtani  r&zletes  folv^trol, 
260. — G.  Petho.  A  Lippa-Odvos.  Konop  korny^ki  ki^tateriiletrol,  266.— 
G.  Petho.  Baltav&r  osemloseirol,  273. — A.  Koch.  A  gyalui  hava^ok  E-i 
szdl^n,  KalotABzegben  4s  a  Vlegyasza  hegys^hen  v^zett  i^szletes  foldtani 
felvdtelrol,  284. — L.  Roth.  A  Bozovicstol  E-ra  fekvo  hegysegi^sz  Krasso- 
Szorenymegy^ben,  296. — G.  Halavats.  Az  Oravicza-Romdn-Bogsan  kor- 
nydk^n  eszkozolt  r^szletes  foldtani  folv^telrol,  313. — F.  Schaferzik.  Me- 
hadia  4a  Herkules-furdo  korny^ke  Krassd-Szor^nymegy^ben,  824. — A. 
Gesell.  A  Selmeczb&nya  4s  Szelakna  komydkdn  eszkozolt  reszletes  banya- 
geologiai  folvdtelekrol,  336. — J^  Bockh.  Jahresbericht  der  Kon.  ungar. 
geologischen  Anstalt  fiir  1884,  393. — J.  v.  Matyasovszkv.  Ueber  die 
geologische  Detailaufnahme  am  Nordwest-Ende  des  Rdzgeoirges,  in  den 
Gegend  zwischen  Nagy-B4r6d  und  Felso-Dema,  423. — L.  v.  Loczy. 
Ueber  die  im  Sommer  des  Jahres  1884  in  der  Gebirgsgegend  zwischen  der 
Maros  und  Fehdr-Eoros  ausgefiihrten  geologischen  Special- Aufnahmen, 
427. — ^J.  Petho.  Ueber  das  Kreide-Gebiet  zwischen  Lippa,  Odvos  and 
Konop,  446. — J.  Petho.  Ueber  die  tertiaren  Saugethier-Ueberreste  von 
Baltav&r,  466. — A.  Koch.  Ueber  die  am  liande  des  Gyaluer  Hochge- 
birges,  in  der  Kalotaszeg  und  im  Vlegy^za-Gebirge  im  Sommer  1884 
aus^fUhrte  geolog.  Spedalaufnahme,  466. — L.  Roth.  Ueber  den  Gebires- 
theQ  nordlicn  von  Bozovics,  im  Comitate  Krasso-Szor^ny,  479. — J.  Hfusr 
v&ts.  Ueber  die  im  Jahre  1884  in  der  Umgebung  von  Oravicza-Roman- 
Bogs&n  durchgefuhrte  geolog.  Specialaufnahme,  600. — F.  Schafanik. 
Ueber  das  Gebirge  zwische  Menadia  und  Herkulesbad  im  Comitate  Krasso- 
Szor^ny,  612. — A.  Gesell.  Ueber  die  geologischen  Detailaufnahmen  in 
der  Umgebung  von  Schemnitz  und  Windschacht,  626. — T.  Szonta^h. 
Petrographische  Beschreibung  von  Gesteinen  aus  dem  Sohler  Comitate  im 
nordlichen  Ungam,  640. — L.  Roth.  Gekritztes  Geschiebe  von  der  Siid- 
seite  der  Hohen-TAtra,  667. — L.  Roth.  Spuren  einstiger  detacher  in  der 
Niederen-Tdtra,  668. 

.    .     ( .)    .     Kotet  xvi.    Fuzet  1  &  2  (1886). 

1886. 
J.  Szabo.  Elnoki  megnyitd  besz^d  a  magyarhoni  Foldtani  T^isulat 
K6zgyul6s6n  1886  januar  l3-dn,  1.— V.  Wartha.  A  szerpentin-chlorid- 
csoport  asvdnyair61,  7.— A.  Kalecsinszky.  Kozlem^nyek  a  magvar  kir. 
foldtani  int^zel  chemiai  laboratoriumibol,  12. — J.  Szabo.  JelenWs  a 
harmadik  nemzetkozi  geologiai  kongresszusrol  Berlinben  1886, 17. — O. 
T6g\Qs.  Ujabb  adatok  az  erd^lyi  medencze  osemloseihez,  39. — G.  Petho. 
Suess  eloadasa  a  suite  l^yrbl,  44. — V.  Wartha.  Ueber  die  Mineralien  der 
Serpentin-Chlorit-Gruppe,  79. — A.  Kalecsinszky.  Mittheilungen  aus  dem 
chemischen  Laboratonum  der  kon.  ung.  geologischen  Anstalt^  84. 
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Buda  Pest.  Magyar  Foldtani  T^rsulat.  (XJngarisclie  geologisohe 
Gesellscbaft.  Geologische  Mittheilungen.)  Eoldtani  Kozlony. 
Kotet  xvi.  Fiizet  7-12  (1886).  1 886. 
F.  Schafarzik.  Lev4l  a  Eauk^zus  yid^^rol,  209. — J.  Budai.  A  per- 
sfinyi  hegys^  miisodkori  eruptiv  kozetei^  211. — L.  Ceeh.  Avihnyei  O- 
Antaltarna  iNonyatelep  foldtani  viszonjai,  224. — J.  HalavSts.  Magja- 
roraz^  ValencienoesUk,  227. — ^F.  Schafarzik.  Briefliche  Mittheilung 
aus  dem  Kaakasus,  267. — J.  Badai.  Die  secondaren  Eruptivgesteine 
des  Persdnyer  Gebirges,  269. — L.  Cseh.  Die  geologischen  Verhaltnisae 
der  Alt-Antonetollner  Berghandlung  in  Vinnye,  274. — J.  Halav&ts. 
Yalencienneeia  in  der  fossilen  Fauna  iJngams,  279. — S.  Schmidt.  Lev^ 
a  Szerkesztokhoz,  306. — G.  Primicfl.  Vaskos  kvarczf(Sldk  eloforduldsa 
Tekeron,  308.— F.  Jablonszky.  A  jablonkai  tozegekrol,  314.— P.  Szokol. 
Vala«z  Dr.  Schafarzik  Ferencz  nrnak,  820. — F.  Schafarzik.  A  propylit 
k4rd^8^rol,  822. — G.  Primics.  Das  Vorkommen  der  derben  QuarzTarie- 
taten  bei  Tekero,  247. — F.  Jablonszky.  Die  Torfmoore  von  Jablonka, 
864.— P.  Szokol.  Erwiederung,  357.— T.  Schafarzik.  Ueber  die  Propy- 
lite-Frage,  368. 

.     Magyar  KihQyt.  Foldtani  Intezet.     (Koniglich-ungariscbe 

geologische  Anstalt)  Mittheilungen  aus  dem  Jahrbuch.  Band  viL 
Heft  5.     1886. 
A.  GeseU.    Geologische  Verhaltnisse  des  Steinsalzbergbaugebietes  von 

Soov&r  mit  riicksicht  aof  die  wiederolfhung  der  ertrankten  Steinsalz- 

grube,  195. 

.    .    .     Band  viii.     Heft  1.     1886. 

E.  Herbich.  Palaontologische  Studien  uber  die  Kalkklippen  des  sie- 
benbiirgischen  Erzgebirges,  1. 

.    .    .    Band  viii.     Heft  4.     1887. 

J.  Halav&ts.  Palaontologische  Daten  zur  Eenntniss  der  Fauna  der 
Suduiigarischen  Neogen-Ablagerungen,  126. 

.     — .     Eiadvdnyai.      Konyv-^s  Terk^ptardnak.      I.  Pot- 

czimjegyz^e.  (Erster  Nachtrag  zum  Katalog  der  Bibliothek  und 
allg.  Kartensammlung.)     1886. 

.     .     A  Magyar  KiriQyi  Foldtani  Intezet  es  ennek  Kial- 

lit^si  Tdrg}'ai,  az  1885,  evi  Budapesti  Altalanos  Kiollitas 
Alkalmdbol,  osszeallitotta  Bockh  Jdnos.     8vo.     ]  885. 

.     Kon.  ung.  geologische  Anstalt.     Die  koniglich-ungariscbe 

geologische  Anstalt  und  deren  Ausstellungs-Objecte  zu  der 
1885  in  Budapest  abgehaltenen  allgemeinen  Ausstellung, 
zusammengestellt  von  Johann  Biickh.     8vo.     1885. 

Buenos  Aires.     Academia  Nacional  de  Ciencias  en  Cordoba.    Actas. 
Tomo  iv.     Entrega  1.     1882. 

.     .     Boletin.     Tomo  v.     Entr^as  1  &  2.     1883. 

F.  Ameghino.  Sobre  una  coleccion  de  mamiferos  fosiles  del  piso  meso- 
pot&mico  de  la  formacion  patagonica  recogidos,  en  las  barrancas  del  Parang 
por  el  Profesor  Pedro  ocalabrini,  101. — L.  Brackebusch.  Viaje  &  la 
Provincia  de  Jujuy,  186. 

.    .    .     Tomo  viii.    Entrega  4a.    1886. 
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Buenos  Aires.     Sociedad  Cientifica  Argentina.     Anales.     Tome  xxL 
Eutregas  3  &  4.     1886. 


Tomo  xxii.     Entregas  1-6.     1886. 


P.  N.  Arata.  Contribaciones  al  conocimento  hi^enico  de  la  ciudad  de 
Buenos  Aires,  5.— J.  J.  J.  Kyle.    El  oro  del  Cabo  Virgenes,  75. 

.    .    .    Tomoxxiii.    Entregas  1&  2.    1887. 

J.  Llerena.  Un  ensayo  sobre  la  historia  geologica  de  las  Pampas 
Argentinas,  34. 

Calcutta.     Asiatic  Society  of  Bengal.     Journal.     N.S.     Vol.  liii. 
Part  2.     No.  4(1884).     1887. 

.    .    .     N.  8.     Vol.  Iv.     Part  2.    No.  1-3  (1886). 

1886-87. 

.    .     Proceedings.     Nos.  1-10  (1886).     1887. 

.    .    .    No.  1(1887).     1887. 

Cambridge,  Mass.     Museum  of  Comparative  Zoology  at  Harvard 
CoUege.    Annual  Report  for  1885-86.     1886. 

.     .     Bulletin.     Vol.  xii.     Nos.  5  &  6.     1886. 

.    .     .     Vol.  xiii.     Nos.  1  &  2.     1886. 

Cambridge  Philosophical  Society.     Proceedings.     Vol.  v.     Part  6. 
1886. 
H.  Qadow.    On  some  Caves  in  Portugal;  381. 

.     .     Proceedings.     Vol.  vi.     Part  1.     1887. 

O.  Fisber.  An  attempt  to  explain  certain  Geological  Phenomena  by 
the  application  to  a  liquid  substratum  of  Henry*s  Law  of  Absorption  of 
Gases,  19. 


Transactions.     Vol.  xiv.     Part  2.     1887. 


Carlisle.    Cumberland  and  Westmoreland  Association  for  the  Ad- 
vancement of  Literature  and  Science.     Transactions.     No.  11 
(1886-86).     1886. 
J.  Postlethwaite.    The  Mineral  Springs  near  Keswick,  142. 

Catania.     Accademia  Gioenia  di  Scienze  NaturalL    Atti.     Serie  3. 
Tome  xix.     1886. 
L.  Ricciardi.     Eicerche  cbimiche  sulle  rocce  vulcaniche  dei  dintorni 
di  Roma,  177. — A.  Silvestri.    Monografia  chimica  sulla  sorgente  dell' 
acqua  potabile  detta  Reitana  presso  Aci-Reale,  220. 

Chemical  News.    Nos.  1387-1415.     1886. 


Nos.  1416-1438.     188 


Chemical  Society.    Abstracts   of  the  Proceedings.     Nos,  24-30. 
1886. 

.    .     Nos.  31^39.     1887. 


Journal.     Nos.  284-289.     1886. 
.    Nos.  290-296.    1887. 
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Chemical  Society.  Abetractg  of  tbe  Proceedings.  Supplementary 
Number  (1886).     Vols.  xHx.  &1.     1886. 

Chesteriield.  Chesterfield  and  Midland  Counties  (late  Chesterfield 
and  Derbyshire)  Institution  of  Engineers.  Transactions. 
Vol.  xiv.     Part  2.     1885. 

Chicago  Academy  of  Science.     Bulletin.    Vol.  1.     No.  9.     1886. 
Presented  by  Sir  W.  Dawson,  F.R.S.,  F.G.S. 
Sir  W.  Dawson.    On  Rhizocarps  in  the  Erian  (Devonian)  Period  in 
America,  105. 

Colliery  Guardian.     Nos.  1330-1357.     1886. 

.    Nos.  1368-1381.    1887. 

Copenhagen.     Kongelige  Danske  Videnskabemes  Selskab.     Natur- 
.    videnskabelige  og  Matbematiske  Afhandlinger.      Hskke   vi. 
Bind  2.     Nos.  8-11.     1885-86. 

.     Itekkevi.    Bind  3.   Nos.  2  &  4.    1885-86. 

.    Esekkevi.    Bind  4.    Nos.  1  &  3.    1886-87. 


Oversigt.     1885.     No.  3.     1886. 

.     1886.     Nos.  1-3.     1886. 

.    1887.    No.  1.    1887. 


Cracow.      Akademija  TJmiejetnocsi  w  Krakowie.     Sprawozdanie 
KomisyiFizyjograficznej.     Tomo  xx.     1886. 
A.  M.   Lomnicki.      Stodkowodny  utwor  brzeciorzedny  na   Podoln 
galicyjskiem,  Csesc  II.,  48. 

Darmstadt.     Verein  fiir  Erdkunde  zu  Darmstadt,  und  Mittelrhein- 
ische    geologische  Verein.      Notizblatt.     4  Folge.     6   Heft. 

1885. 

.    4  Folge.     7  Heft.     1886. 


O.  Bottger.  Die  altalluviale  Molluskenfauna  des  Grossen  Bnichs  bei 
Traisa,  Prov.  Starkeoburg,  1. — 0.  Bottger.  Neue  Paludinen  aus  dem 
Mainzer  Becken,  7. 

Davenport  Academy  of  Natural  Sciences.  Proceedings.  Vol.  iv. 
1882-84.  1886. 
C.  Wachsmuth.  On  a  new  Genus  and  Species  of  Blastoids,  with  obser- 
vations upon  the  Structure  of  the  Basal  Fiates  in  Codaster  and  Pentre- 
miteSy  76. — "W.  H.  Harris.  Descriptions  of  some  new  Blastoids  from  the 
Hamilton  Group,  88. — C.  Wachsmuth.  Description  of  a  new  Crinoid 
from  the  Hamilton  Group  of  Michigan,  95. — W.  il.  Harris.  Descriptions 
of  some  new  Crinoids  from  the  Hamilton  Group,  98. 

Dresden  (Cassel).     Konigliches  mineralogiscb-geologisches  und  prs^ 

historisches  Museum  in  Dresden.    Mittheilungen.     Heft  vii. 

(4to.)      1886.      Presented  by  Dr.  H.  B.  Oeinitz,  F.M.O.S., 

Director, 

J.  V.  Deichmiiller.    Die  Insecten  aus  dem  lithographischei}  Schiefer 

im  Dresdener  Museum,  1. 
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Dresden.  NatnriivissenBcbaftliche  GesellBchaft  Isis.  Sitzungsbericlite 
und  Abhandlungen,  1886.    Jan.-Dec.,  1886-«7. 

AbhandhttufeTi. 

F.  E.  Geinitz.  Ueber  einige  Laiudtzer  PorpliyTe  und  Qrunsteine  nowie 
den  Basalt  aus  dem  Stolpener  Schlossbrunnen,  13. —  E.  Danzig.  Bemerk- 
UDgen  iiber  das  Diluyium  innerhalb  des  2^ttaiier  Quadergebiiges,  30.— 
A.  Purgold.  Einisre  regelmasaige  Verwachsunffen  des  I&tbgUtenerzes, 
63. — £.  Danzig.  Weitere  Mittheilungen  iiber  die  Granite  und  Gneisse 
der  Oberlausitz  und  des  an^nzenden  Bobmens,  67. — J.  V.  Deicbmuller. 
Die  Meteoriten  des  koniglicben  mineralpgischen  Museums  in  Dresden, 
92. 

Dublin.    Royal  Geological  Society  of  Ireland.    JonmaL    Vol.  xvii. 
(N.  8.  Vol.  vii.)    Part  1.     1886. 

G.  H.  Kinahan.  Notes  on  the  Apatite  of  Buddngbam,  Ottawa  Ooimty, 
1. — G.  H.  Kinahan.  Canadian  Archssan,  or  Pre-Cambrian  Rocka ;  wiUi 
a  Comparifton  with  some  of  the  Irish  Metamorphic  Rocks,  5. — O.  H. 
Kinahan.  Notes  on  the  Coal  Seams  of  the  Leinster  and  Tipperary  Coal- 
fields, 20. — W.  H.  Baily.  On  Trilobites  and  other  Fossils,  from  Lower 
or  Oambro- Silurian  Strata,  in  the  County  of  Clare,  20. — W.  J.  Sollss. 
On  the  Physical  Characters  of  Calcareous  and  Siliceous  Spouffe-Spicules 
and  other  Structures,  80. — V.  Ball.  On  the  newly  discoverea  Sapphire 
Mines  in  the  Himalayas,  49. — B.  H.  Mullen.  On  a  set  of  MusicsJ  Stones 
m  the  Science  and  Art  Museum,  Dublin,  52. — ^W.  J.  Sollas.  On  a  Hex- 
actinellid  Sponge  from  the  Gault,  and  a  Lithistid  from  the  Lias  of  Eng- 
land, 67. — J.  P.  O'Reilly.  On  De  Rossi's  Seismical  and  Endodynamic^ 
Map  of  Italy,  61.— J.  P.  O'Reilly.  On  the  Occurrence  of  Beryl  with 
Schorl  in  Glencullen  VaDey,  69. — W.  H.  Baily.  On  a  New  Species  of 
Orophocrinus  (Pentremitea)  in  Carboniferous  Limestone,  Co.  DubUo, 
also  Remarks  upon  Codaster  trilohatus  (McCoy)  from  Carboniferous 
Limestones,  Co.  Kilkenney,  71. — E.  Hull.  On  the  Occurrence  of  sn 
Outlying  Mass  of  Supposed  Lower  Old  Red  Sandstone  and  Conglomerate 
in  the  Promontory  of  Fanad,  County  Donegal,  74. 

Vol.  xviu.    (N.  S.  Vol.  viii.)    Parti.    1887. 


G.  H.  Kinahan.    Economic  Geology  of  Ireland,  1. 

.      Royal  Irish  Academy.      Cunningham  Memoin.      Nos.  2. 

and  3.     1886.    (4fco.) 

.    .    Proceedings.      Ser.  2.      Vol.  ii.     No.   7.      Polite 

Literature  and  Antiquities.     1886. 
W.  J.  Knowles.    Flint  Implements  from  the  North-east  of  Ireland, 
436. 

.    .    .    Ser.  2.     Vol.  iv.     No.  5.     Science.     1886. 


Transactions.     Vol.  xxvii.     Polite  literature  and 
Antiquities.     Parts  6-8.     1885-86. 

.    .    .    Vol.  xzviii.    Science.    Parts  11-25.    1885- 

1886. 
J.  P.  O'Reilly.    Alphabetical  Catalogue  of  the  Earthquakes  recorded 
as  having  occurred  in  Europe  and  adjacent  Countries,  arranged  to  serTO 
as  a  basis  Tor  an  Earthquake  Map  of  Europe,  489. 
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East-India  Associatioii.    Journal.    YoL  xviii.    No.  5  &  6.     1886. 

.     .     Vol.  xix.   Nos.  1-4.    1887- 

Edinbnrgli.  Geological  Society.  Transactions.  Sessions  1884-85, 
1885-86.  Vol.  V.  Part  2.  1887. 
D.  Milne-Home.  Inaufi:ural  Address,  1884-85,  171,— R.  Ricliardson. 
Report  on  the  Montreal  Meeting  of  tbe  British  Association,  181. — Q, 
Lindsti-om.  Preliminaiy  Notice  on  a  Silurian  Scorpion  {Paiiecphorms 
nuncius,  Torell  and  Lindstrom),  from  the  Isle  of  Gothland,  184.— J.  R. 
S.  Hunter.  Notes  on  a  new  Fossil  Scorpion  {PaitBophonus  caledonicus), 
from  the  Upper  Silurian  Shales,  Logan  Water,  Lesmahagow,  187. —  W. 
Ferguson.  Notices  of  some  Iron  Ore  Deposits  in  Aberdeenshire  and 
Banffshire,  192. — J.  Reid.  Notes  on  the  Origin  and  Development  of 
Granitic  and  other  allied  Varieties  of  Cn'stalline  Rocks.  199. — R. 
Richardson.  On  Canadian  and  Scottish  Glacial  Geolo^j,  205. — R. 
Richardson.  Notice  of  **The  Gled  Stane"  and  dther  Boulders  near 
Pitlochry,  Perthshire,  213. — W.  T.  Kinnear.  On  the  Occurrence  and 
Range  of  Beds  containing  Scorpion  remains  in  the  Carboniferous  Rocks 
of  Fife,  216. — G.  H.  Kinahan.  The  Terraces  of  the  Great  American 
Lakes  and  the  Roads  of  Glenroy,  221.— T.  D.  Wallace.  The  Geology  of 
the  Parish  of  Eirkhill  and  the  **  Aird,"  Inyemess-shire,  224. — W.  Morri- 
son. Precambrian  Conglomerate  of  Lewis,  235.  —  R.  Richardson. 
Closing  Address,  Session  1884-85,  243. — R.  Richardson.  Inaugural 
Address,  Session  1886-86,  249.— J.  Melvin.  On  the  Parallel  Roads  of 
Lochaber,  268. — ^W.  Morrison.  Terraces  at  Achnasheen,  275. — W.  An- 
derson. Note  on  the  Occurrence  of  a  new  Species  of  Carboniferous 
Crustacean  at  Ardross,  near  Elie,  Fife,  280. — A.  Johnsione.  On  the 
Action  of  Carbonic  Acid  Water  on  Minerals  and  Rocks,  282. — H.  Rink. 
Results  of  the  Recent  Danish  Explorations  in  Greenland,  with  regard  to 
the  Inland  Ice  (1876  to  1884\  286.— J.  Simpson.  On  Reindeer  and  other 
Mammalian  Bones  discovered  by  Mr.  Macfie  of  Dreghom  in  a  Rock-fissure 
at  Green  Crai^,  Pentland  Hills,  294. — J.  Henderson.  On  Reindeer  and 
other  Mammalian  Remains  from  the  Pentland  Hills,  302. — W.  J.  Mac- 
adam. Exhibition  of,  and  notes  on,  Specimens  of  Red-deer  Horns  from 
the  Sand  Deposits  at  the  Mouth  of  the  Nith,  Dumfriesshire,  305. — 
Romanis.  Notes  on  Upper  Burma,  306. — A.  Somervail.  Notes  on  the 
Archaean  Gneiss  of  Ross  and  Sutherland,  307. — W.  Anderson.  Notes  on 
the  Fish  Remains  from  the  Bone  Bed  at  Abden,  near  Kinghom,  Fife,  with 
remarks  by  Dr.  R.  H.  Traquair,  310. — W.  J.  Macadam.  Notice  of  a  new 
Fossiliferous  Bed  in  the  Island  of  Arran,  316.— J.  S.  G.  Wilson  and  W. 
J.  Macadam.  Diatomaceous  Deposits  in  Skye,  318. — D.  Cameron.  Geo- 
logical Observations  on  Easter  Ross,  Moy  and  Craggie,  and  Athole,  330. 
— D.  Cameron.  The  Geology  of  Feam  and  Tarbat,  330.— A.  M'Charles. 
Notes  on  the  Geology  of  the  Winnipeg  District,  Manitoba,  331. 

.     Royal  Physical  Society.     Proceedings.     Session  1886-86. 

1886. 
B.  N.  Peach.    Opening  Address  by  the  President,  1. — R.  Kidston. 
On  the  Species  of  the  Genus  Pai<BoxyriSy  Brongniart,  occurring  in  British 
Carboniferous  Rocks,  64. — James  liennie  and  R.  Kidston.    C)n  the  Oc- 
currence of  Spores  in  the  Carboniferous  Formation  of  Scotland,  82. 

Ekaterinburg.     Societe  Ouralienne  d' Amateurs  des  Sdences  Natur* 
elles.     Bulletin  (4to).     Tome  iv.     1876. 

.    .    .    Tome  V.    Nos.  1-3  (1879-80).     1879-80. 

Y.  M.  Malakhoff.    Indicateur  des  lieuz  de  proyenance  des  min^ux 
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connuB  jasqu^ici  dans  lea  monte  Ourals,  1. — ^N.  Brottsnitsyne.  Lapyechmn 
en  aval  du  village  de  Mokraia  jusqu^^  la  yille  de  EamyschlofT,  11. — A.  J. 
Drezdoff.    Les  eauz  min^ralea  de  Kourii  et  d'Alapaevsk,  26. 

Ekaterinburg.     Society  Ouralienne  d'Amatenn  des  Sciences  Natnr- 
elles.      Bulletin    (4to).     Tome  vi.      Nos.    1-3    (1880-b2>. 
1880-82. 
N.  N.  Novokr^tchennykh.     L'usine  de  Kisel,  43.— -Y.  M.  MalakhoflT. 

Indicateur  des  lieux  de  provenance  des  min^raux  connus  jusau'ici  dan  les 

monts  Ouralsy  66. — A.  J.  Drezdoff.     Composition  chimique  aes  charbons 

fossiles  du  versant  est  des  monis  Ourals,  63. 

.    .    .    Tome  vu.    Noe.  1-4  (1881-84).    1881-84. 

A.  J.  Drezdoff.  Mat^riauz  touchant  les  eauz  min^rales  de  rOuraly  1, 
7. — M.  H.  Trautscbold.  Traces  de  I'^taf^e  Tongrien  pr^  de  Kamysch- 
loffy  21. — A.  P.  Karpinski.  Sediments  tertiaires  da  versant  oriental  de 
rOuraly  60. — ^J.  N.  Ochtcbepkoff.  Qui  a  d^couvert  le  diamant  dans  les 
mouts  Ourals  P,  87. 


Tome  Tiii.    No.  1  (1885).     1886. 
Tome  ix.    No.  1  (1885).    1885. 


Frankfort-on-tbe-Maine.    Senckenbergisebe  naturforscbende  Gesell- 
scbafb.     Bericbt,  1886.     1886. 
F.  Kinkelin.    Der  Meeressand  von  Waldbockelbeim,  136. 

Geneva.      Boci^te  Gc^ologique  Suisse.      Compte  rendu  de  la  cin- 
quieme  reunion   annuelle   en  Aoiit   1886   k  Geneve.    (8to.) 

1886. 

Geological  Magazine.     Dec.  iii.     Vol.  iii.     Nos.  7-12.     1886. 

H.  A.  Nilcbolson.     On  Desjnidowyra  alveolarisy  Mich.,  a  new  genus  and 
species  of  Silurian  Corals,  289. — K.  S.  Oldham.    Essays  on  Speculative 
Geology.    I.  On  Homotaxis  and  Contemporaneity,  293.    11.  Probable 
Changes  of  Latitude,  300. — W.  Downes.    On  the  Tunnel  Section  near 
Honiton,  Devon,  308. — A.  J.  Jukes-Browne.    On  the  Application  of  the 
term  Neocomian,  311. — C.  Lapworth.    On  the  Sequence  and  Systematic 
Position  of  the  Cambrian  Rocks  of  Nuneaton,  319. — ^T.  11.  Waller.     Pre- 
liminary Note  on  the  Volcanic  and  Associated  Rocks  of  the  Neighbour- 
hood of  Nuneaton,  322. — G.  J.  Hinde.    Note  on  Eophyton  ?  erplanatum^ 
Hicks,  and  on  Hyalostelia  (PyriUmefna)  fasciculuSf  M'Coy,  sp.,  337. — P. 
M.  Duncan.     On  a  new  Species  of  AxosmUia  {A.  elongate)  ^  from  the  Pea 
Grit  of  the  Inferior  Oolite  of  England,  340. — J.  S.  Gardner.    Mesozoic 
Angiosnerms,  342.— J.  J.  H.  Teall.    Notes  on  some  HombIende*bearing 
Rocks  from  the  Inchnadampf,  346. — ^A.  Irving.    The  Brookwood  Deep 
Well  Section,  363.— J.  R.  Gregory.     The  Bois  de  Fontaine  Meteorite, 
and  its  probable  identity  with  that  of  Chareonville  of  1810,  367. — J.  il. 
Collins.    On  the  Geological  History  of  the  Cornish  Serpentiuous  Rocks, 
350. — R.  F.  Tomes.   On  Bome  new  or  imperfectly  known  Madreporaria  from 
the  Inferior  Oolite  of  Oxfordshire,  Gloucestershire,  and  Dorsetshire,  385, 
443. — R.  Etheridge,  jun.    Note  on  the  Recent  Volcanic  Eruption  in  New 
Zealand,  398.— A.  Irving.    The  Unconformity  between  the  Bagshot  Beds 
and  the  London  Clay,  402. — S.  A.  Adamson.    Notes  on  the  Discovery 
of  the  base  of  a  Large  Fossil  Tree  at  Clayton,  406. — T.  Rupert  Jones 
and  J.  W.  Kirkby.     On  some  Fringed  and  other  Ostracoda  from  the 
Carboniferous  Series,  433. — R.  H.  Traquair.    New  Palaeoniscidfle  from 
the  English  Ceal-measures,  440. — S.  S.  Buckman.    On  the  Lobe-line  of 
certain  Species  of  Lias  Ammonites  described  in  the  Monograph  by  the 
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late  Dr.  Wright,  442.— W.  J.  Harrison.  On  a  Deep  Boring  in  the 
New  Red  Marls  (Keaper  Marls)  near  Birmingham.  453. — T.  Rupert 
Jones.  On  PalcBozoic  Fhyllopoda,  466.-J.  J.  H.  Teall.  The  Meta- 
morphosis of  the  Lizard  Oahhros,  481. — ^T.  McK.  Hughes.  On  the  Ffynon 
Beuno  Caves,  489. — A.  B.  Wynne.  On  the  facetted  and  striated  pebble 
from  the  Olive  Group  Conglomerate  of  Chiel  Hill  in  the  Salt  Range  of 
the  Punjab,  India,  492.— W.  T.  Blanford.  Notes  on  a  smoothed  and 
striated  Boidder  from  a  Deposit  in  the  Pre^ertiary  Punjab  Salt  Range, 
494. — J.  S.  Gardner.  On  Fossil  flowering  or  phanerogamous  Plants,  495. 
—British  Association,  1888.  Section  C.  Geology,  503.— E.  Wethered. 
On  the  Structure  and  Organisms  of  the  Lower  Limestone  Shales,  Car- 
boniferons  Limestone,  and  Upper  Limestones  of  the  Forest  of  Dean,  629. 
— ^A.  Strahan.  On  the  Rocks  surroundiDg  the  Warwickshire  Coalfield, 
and  on  the  Base  of  the  Coal-measures,  540. — F.  Rutley.  The  Igneous 
Rocks,  etc.,  of  the  Neighbourhood  of  the  Warwickshire  Coal-field,  557. 
— G.  Sharman.  On  the  new  Species  OUnuM  nunetUanensis  and  OMeUa 
gramdata,  from  the  Lower  Silurian  (*  Cambrian '  Lapworth)  near  Nunea- 
ton, 565. — H.  Hicks.     On  the  Ffynnon  Beuno  and  Cae  Gwyn  Caves,  566. 

Geological  Magazine.     Dec.  iii.     VoL  iii.     Nos.   7-12.     1886. 
Purchased, 

.    .    Vol.  iv.    Nos.  1-6.    1887. 

H  Woodward.  On  some  Spined  Myriapods  from  the  Carboniferous 
Series  of  England,  1.— W.  A.  E.  Ussher.  The  Culm-Measures  of 
Devonshire,  10. — W.  S.  Gresley.  Notes  on  "  Cone-in-Cone  **  Structure, 
17. — ^H.  C.  Lewis.  On  a  Diamantiferous  Peridotite,  and  the  Genesis  of 
the  Diamond,  22. — ^A.  J.  Jukes-Browne.  Note  on  a  Bed  of  Red  Chalk 
in  the  Lower  Chalk  of  Suffolk,  24. — H.  C.  Lewis.  Comparative  Studies 
upon  the  Glaciation  of  North  America,  Great  Britain,  and  Ireland,  2d, — 
R.  D.  Oldham.  Note  on  the  facetted  Pebbles  from  the  Olive  Group  of 
the  Salt  Range,  Punjab,  India,  32.^.  E.  Marr.  The  Lower  PalcBOzoic 
Rocks  near  Settle,  35. — ^British  Association,  1880.  Section  C.  Geology,  88, 
117. — ^H.  Woodward.  Some  new  British  Carboniferous  Cockroaches,  49. 
— E.  Hill.  In  Brittany  with  the  Geological  Society  of  France,  59.— T. 
G.  Bonney.  Note  on  Specimens  of  the  Rauenthal  Serpentine,  65. — H. 
Keeping.  On  the  discovery  of  the  Nummulina-elegans  Zone  at  Whitecliff 
Bay,  Ide  of  Wight,  70. — A.  J.  Jukes-Browne  and  W.  Hill.  Note  on  tiie 
Gault  and  Chalk-marl  of  West  Norfolk,  72.— C.  A.  McMahon.  Note  on 
the  Foliation  of  the  Lizard  Gabbro,  74.— T.  Wright  (the  late).  On  a 
new  OphiureUa,  07. — R.  F.  Tomes.  On  two  Species  of  PalsBOzoic  Madre- 
poraria  hitherto  not  reco^zed  as  British,  98. — A.  Smith  Woodward. 
Notes  on  some  Post-Liassic  Species  of  Acrodus,  101. — H.  Hicks.  The 
Faunas  of  the  Ffynnon  Beuno  Oaves  and  of  the  Norfolk  Forest  Bed,  105. 
— J.  S.  Gardner.  On  the  Beds  containing  the  Gelinden  Flora,  107. — Q, 
F.  Harris.  On  the  Gelinden  Beds  &c.,  108. — ^A.  Irving.  An  Outlier  of 
Upper  Bagshot  Sands  on  London  Clay,  111. — H.  Woodward.  Supple- 
mentary note  on  Euphoberia  feroXy  Salter,  116. — E.  T.  Newton.  Note 
on  some  recent  additions  to  the  Vertebrate  Fauna  of  the  Norfolk  ^  Pre- 
Glacial  Foreat-Bed,'*  145. — A.  J.  Jukes-Browne.  Inter-Glacial  Land- 
surfaces  in  England  and  Wales,  147.— J.  E.  Marr.  The  Work  of  Ice- 
sheets,  151. — H.  Hicks.  The  Cambrian  Rocks  of  North  America,  155.-— 
J.  S.  Gardner.  The  appearance  and  development  of  Dicotyledons  in 
Time,  158.— J.  W.  Spencer.  Notes  on  the  Erosive  Power  of  Glaciers  as 
seen  in  Norway,  167. — H.  A.  Nicholson.  On  HemiphyUum  silwieruef 
Tomes,  173.— £.  Wilson.    British  Liaasic  Gasteropoda,  193,  258.— G. 
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Dowker.  The  Water-supply  of  East  Kent,  in  coxmection  with  Natnralr 
Springs  and  Deep  Wells,  202. — C.  A.  McMahon.  The  Gneissose  Granite 
of  the  Himalayas,  212. — J.  H.  Collins.  On  the  Geological  History  of 
the  Cornish  Serpentinous  Bocks,  220. — 0.  C.  Marsh.  American  Juiaasic 
Mammals,  241. — R.  H.  Traquair.  Notes  on  Chondrotteus  aeipensertndesj 
Agassiz,  248.— J.  E.  Marr.  The  Glacial  Deoosits  of  Sudbury,  Suffolk^ 
262. — R.  Lydekker  and  G.  A.  Boulenger.  Notes  on  Chelonia  from  the 
Purbeck,  Wealden,  and  London-clay,  270. 

Geological  Magazine.    Dec,  iii.     Vol.  iv.    Nob.  1-6.     1887.    Par- 
biased. 

Geologists'  Association.  Proceedings.  Vol.  ix.  Nos.  6  &  7.  1886. 
W.  Topley.  The  Life  and  Work  of  Professor  John  Morris,  M.A-, 
F.G.S.,  386.— A.  Irying.  The  Stratigraphical  Relations  of  the  JBagshot 
Sands  of  the  London  Basin  to  the  London  Clay,  411. — J.  Johnston- 
Layis.  On  the  Fragmentary  Ejectamenta  of  Volcanoes,  421  .^T.  Starkie 
Gardner.  Fossil  Grasses,  433. — J.  Postlethwaite  and  J.  G.  Goodchild. 
On  some  Trilobites  from  the  Skiddaw  Slates,  460. — J.  G.  Goodchild. 
Obseryations  upon  the  Stratigraphical  Relations  of  the  Skiddaw  Slates^ 
462. — G.  S.  Boulger.  On  the  Connection  in  Time  of  changes  in  Fossil 
Floras  with  those  of  Faunas,  482.— T.  Rupert  Jones  and  J.  W.  Kirkby. 
A  List  of  the  Genera  and  Species  of  Biyalyed  Entomostraca  found  in  the 
Carboniferous  Formations  of  Great  Britain  and  Ireland,  with  notes  on  the 
Genera  and  their  Distribution,  496. 

.    .    VoLx.    No.  1.     1887. 

A.  Smith  Woodward.  On  ''  Leathery  Turtles,**  Recent  and  Fossil,  and 
the^'r  Occurrence  in  British  Eocene  deposits,  2. — H.  Hicks.  On  some 
further  Researches  in  Bone-cayes  in  North  Wales,  14. — ^P.  H.  Carpenter, 
On  Crinoids  and  Blastoids,  19. 

Glasgow.  Geological  Society.  Transactions.  Vol.  yiii.  Part  1 
(1883-84, 1884-85).  1886. 
J.  Young.  Notes  on  Cone-in-Cone  Structure,  1. — R.  Crai^.  On  the 
Upper  Limestones  of  North  Ayrshire,  as  found  in  the  district  around 
Dafiy,  and  elsewhere,  28.— W.  Jolly.  The  ParaUel  Roads  of  Lochaber : 
the  Problem,  its  Conditions  and  Solutions,  40. — R.  Kidstou.  Notes  on 
some  Fossil  Plants  collected  by  Mr.  R.  Dunlop,  Airdrie,  from  the  Lanark- 
shire Coal-field,  47. — W.  JoUy.  Excursion  to  Ben  Nevis  and  the  Paz&Uel 
Roads  of  Lochaber,  72.— J.  White.  A  Glimpse  of  Skye  j  with  Remarks 
on  Volcanic  Action,  lOo. — ^J.  White.  Notes  on  Tarbert,  Aigyllshirey  111. 
— D.  Bell.  Notes  on  the  Geology  of  Oban,  116.— J.  Young.  Notes  oa 
the  Cathkin  "  Osmund  Stone,"  a  Volcanic  Tuff,  184— J.  Young.  Notice 
of  the  late  Dr.  Thomas  Dayidson,  138. — J.  Young.  Notes  on  the  Car- 
boniferous Brachiopoda,  with  Reyised  List  of  the  Genera  and  Species, 
143.— J.  R.  S.  Hunter.  The  Old  Red  Sandstone  of  Lanarkshire,  with 
notes  on  Volcanic  Action  durinff  Old  Red  and  Carboniferous  Times,  161. 
— J.  R.  S.  Hunter.  Notes  on  the  Discoyery  of  a  Fossil  Scorpion  (IWteo- 
oAontw  caUdonicua)  in  the  Silurian  Strata  of  Logan  Water,  162.--J.. 
Thomson.  The  Geology  of  the  Territory  of  Idaho,  U.S.,  and  the  Silyer 
Lode  of  Atlanta,  173.—J.  B.  Murdoch.  Notes  on  the  Principal  Geo* 
logical  Papers  read  at  the  British  Association  Meetings  Aberdeen,  1885. 
179. 

Gloucester.    Cotteswold  Nataralists'  Field  Club.    Proceedings  for 
1885-86.     1887. 
Sir  W.  V.  Guise.    Annual  Address  of  the  Pzeadent,  1.— £.  Witchell. 
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On  the  Genus  NernuBay  and  its  Stratigraphical  Distribution  in  the 
Cotteswolds,  21. — S.  S.  Buckman.  Some  new  Species  of  Brachiopoda 
from  the  Inferior  Oolite  of  the  Cotteswolds,  38. — J.  H.  Taunton.  Some 
Notes  on  the  Hydrology  of  the  Cotteswolds  and  the  district  around 
Swindon,  52. — J.  H.  Taunton.  A  Visit  to  the  Boxwell  Springs,  July 
1886,  70. — E.  Wethered.  Miicheldeama  Nicholsoni,  a  new  Genus,  from 
the  Lower  Carboniferous  Shales  of  the  Forest  of  Dean,  77. 

Haariem.  Hollandsche  MaatschappijderWetenschappen.  (Soci^td 
Hollandaise  des  Sciences.)  Natanrkundige  Verhandelingen. 
3de  Verz.    Deel  iv.    No.  4.     1887. 

.     .     Archives  Neerlandaises  des  Sciences  Exactes  efc 


NatTirelles.    Tome  xx.    Livr.  5.     1886. 

.     .    .     Tome  xxi.     Livr.  1-4.     1886-87. 

J.  Bosscha,  fils.    Sur  la  m^ttorite  de  Karang-Modjo,  ou  Magetan, 
177. 

Halifax.  Yorkskire  Geological  and  Polytechnic  Society.  Pro- 
ceedings. N.  S.  Vol.  ix.  Part  2.  Pp.  145-336.  1887. 
H.  B.  Stocks.  On  a  Concretion  called  Acrospire,  149. — J.  Magens 
Mello.  On  the  Microscopical  Structure  of  Rocks,  l61. — W.  Home.  On 
Prehistoric  Remains  recently  discovered  in  Wensleydale,  175. — G.  R. 
Vine.  Notes  on  the  Polyzoa  of  the  Wenlock  Shales  &c.,  179.^J.  W. 
DaviB.  On  the  Relative  Age  of  the  Remains  of  Man  in  Yorkshire,  201. 
—J.  R.  Mortimer.  On  the  Habitation  Terraces  of  the  East  Riding,  221. 
— G.  R.  Vine.  Notes  on  the  Palaeontology  of  the  Wenlock  Shales  of 
Shropshire,  224. — J.  W.  Daris.  On  some  Remains  of  Fossil  Trees  in  the 
Lower  Coal-measures  at  Clayton,  near  Halifax,  258. — J.  S.  Tute.  On  the 
Cayton  Gill  Beds,  265.— J.  W.  Davis.  On  the  Exploration  of  the 
Raynll  Fissure  in  Lothersdale,  280. — S.  A.  Adamson.  On  the  Discovery 
of  a  Stone  Implement  in  Alluvial  Gravels  at  Bamsley,  281. 

Halifax,  N.  8.     Nova  Scotian  Listitute  of  Natural  Science.     Pro- 
ceedings  and   Transactions.     Vol.    vi.      Part  4  (1885-86). 
1886. 
D.  Honey  man.      Additional  Notes    on   Glacial  Action  in   Halifax 

Harbour,  251.— E.  Gilpin.    The  Carboniferous  of  Cape  Breton,  289.— 

D.  Honeyman.    A  Revision  of  the  Geology  of  Antigonish   County, 

308. 

Halle.    Academia  Csesareo-Leopoldina  Natorse  Cariosonim.     Nova 
Acta.     TomuB  xlvii.     1885. 


Tomus  xlviii.     1886. 


H.  Engelhardt.    Die  Tertiarflora  des  Jesuitengrabens  bei  Eundralitz 
in  Nordbohmen,  297. 

Halle.  Zeitschrift  fiir  Natnrwissenschaften.  Bandlviii.  Heft  2-6» 
1885. 
P.  Liidecke.  Datolith  von  Casarza,  276. — P.  Liidecke.  Calcium- 
oxydhydrat  als  Kesselstein,  282. — P.  Liidecke.  Beobachtun^n  an 
Staasfurter  Vorkomnissen  (Pinnoit,  Pikromerit,  Eainit  und  Steinsalz)^ 
645. 
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Halle.    Zeitschrift  fiir  NatorwisBenschaften.    Band  lis.     Heft  1. 
1886. 
0.  Burbach.    Beitrage  zur  KenntzuuM  der  Foraminiferen  dea  mitdoea 
Lias  am  grossen  Seeberg  bei  Gotha,  30. 

Hamilton,   Canada.     Hamilton  Association.     Jonrnal   and  Pro- 
ceedings, 1884-85.     Vol.  i.     Part  2.     1885.     8vo. 
J.  W.  Spencer.    Bemarkable  Landslide  near  Brantford,  Ontaxio,  55. 

Havre.  Society  Geologique  de  Normandie.  Bulletin.  Tome  x. 
(1883-84.)  1885. 
P.  Bizet.  Note  explicative  sur  le  profil  gtelogique  de  la  route  de 
Vemeuil  k  Alencon,  44. — G.  Lionnet  Reunion  k  Cheibouig,  53.— 
G.  Liomiet.  Sur  la  prince  du  terrain  cr6tac^  inf(Sriear  dans  les  faLuaes 
de  la  H6ve,  71. 

Hertford.    Hertfordabire  Natural-History  Society  and  Field-Club. 
Vol.iv.    Parts  1-5.     1886-87. 
R.  MeldoU.    The  Great  Essex  Earthquake  of  the  22nd  of  April,  1884, 
23. 

Hobart  Town.  Boyal  Society  of  Tasmania.  Papers  and  Proceedings 
for  1886.  1887. 
F.  W.  Button.  On  the  Geology  of  the  New-Zealand  Alps,  1.— R.  M. 
Johnston.  Contributions  to  the  Palceontologv  of  the  Unper  Palffiocoic 
Rocks  of  Tasmania,  4. — R.  M.  Johnston.  Notes  on  tne  Geologjr  of 
Bruni  Island,  18. — R.  M.  Johnston.  Reference-List  of  the  Tertiary 
Fossils  of  Tasmania,  124. — C.  P.  Sprent  Antarctic  Exploration,  141.— 
R.  M.  Johnston.  Remarks  rerardiiig  Coal-seam  opened  out  by  Mr. 
Brock  at  Compton,  Old  Beach,  155. — R.  M.  Johnston.  Remarks  on  tke 
Longford  Coal-Basin,  156. — R.  M.  Johnston.  Fresh  Contribution  to  our 
Knowledge  of  the  Plants  of  Mesozoic  Age  in  Tasmania,  160. — ^Baron  von 
Groddeck.  On  the  Tin-Ore  Deposits  of  Mount  Bischoff,  Tasmania,  189. 
— R.  M.  Johnston.  Notes  on  the  Geoloffy  of  the  King  River,  together 
with  a  brief  account  of  the  History  of  Gold-mining  in  Australia,  210.— 
R.  M.  Johnston.  Notes  and  Descriptions  of  Crinoidea  from  the  Upp^r 
Palsaozoic  Rocks  of  Tasmania,  231. — S.  H.  Wintle.  Notes  on  Fossil 
Crabs  from  the  deep  dredgings  of  the  Yarra  River,  and  excavation  of  the 
Coode  Canal,  Victoria,  233. 

Industrial  Review.    N.S.    Nos.  27-34.    1887. 

J.  Barwise.  Subterranean  Movements,  418. — ^F.  A.  HiU..  Geology 
and  Mining  in  the  Northern  Coal-field  of  Pennsvlvania,  426. — A.  Bow- 
man. Mineral  Wealth  of  British  Columbia,  421,  4d5.---Great  Mother- 
Lode  in  Amador  County,  468.— -T.  A.  Readwin.  Mineral(^,  468, 484, 
531.— T.  A.  Readwin.  Gold  in  Wales,  515.— E.  S.  Mo&t.  Prasent 
Growth  of  Coal,  533.— GLidal  Period  and  Man,  534. 

Listitution  of  Civil  Engineers.  Minutes  of  Ptooeedings.  YoL  Izzsv. 
1886. 
J.  T.  Manby.    The  Granada  Earthquake  of  25th  December,  18B4, 
274. 

.    .    VoLlxxxvL    1886. 

S.  H.  Fairar.    Note  on  the  Gold-fields  of  South  Afiica,  343. 
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Institation  of  Ciyil  Engineers.     Mmutes  of  Prooeedings.     Vol. 
IxxxTii.     1886. 

.    .    Vol.  Ixxxviii.     1887. 

.     .     Brief  Subject-Index.     Vols,  lix.-lxxxvi.     Sessions 

1879-80  to  1885-86.    1886. 

Kingston    Queen's   College    and   XJniyersity,    Kingston,    Canada. 
Calendar  for  the  Year  1880-87.     1886. 

Lansanne.     Soci^t^  Vandoise  des   Sciences  Natnrelles.     Bulletin. 
Serie  3.     Vol.  xxii.    No.  94.     1886. 
R  Reneyier.     K^sultats  acientifiques  du  congr^  ^^oloRique  inter- 
national de  Berlin,  64. — E.  Renevier.    Le  Mus^  g^ologique  de  JLausanne 
en  1885,  75. 

.     .     .     .     .     No.  96.     1887. 

R.  Hausler.  Notes  sur  quelques  foraminif&res  des  mames  a  biyozoaires 
du  Valangien  de  Ste-Croix,  260. 

Leeds.    Geological  Association.     Transactions,  1885-86.    Part  2. 
1886. 

B.  Holgate.  The  Leeds  Lower  Coal-measures,  49. — H.  H.  French. 
On  "  Bournes  "  51. — J.  Stubbins.  On  Foraminifera,  53. — Monckman. 
The  Volcanic  History  of  En^and,  56. — J.  Spencer.  The  Evolution  and 
Distribution  of  the  Ancient  Floras  of  the  Earth,  5S. — B.  Holgate.  Notes 
on  the  Geology  of  Bournemouth,  61. — C.  D.  Hardcastle.  On  Meta- 
morphic  Rocks,  62. — A.  H.  Green.  The  Drift  of  the  North  of  England, 
64.— CD. Hardcastle.  Presidential  Address,  66.— B.  Holgate.  Surface 
Indications,  a  guide  to  the  Geology  of  a  District,  69. — S.  A.  Adamson. 
Recent  Discoveries  of  Carboniferous  Vegetation  in  Yorkshire,  71. — S.  A. 
Adamson.    Reports  of  Field  Excursions,  77. 

.     Naturalists'  Club  and  Scientific  Association.     Transactions, 

1886.     1886. 

Leicester.     Literary  and   Philosophical   Society.     Report  of  the 
Council  and  Reports  of  the  Sections  (1885-86).     1886. 

.      .      Transactions.     (New  Quarterly  Series.)     Part  1 

(1886).     1886. 
E.  F.  Bates  and  L.  Hodges.    Notes  on  a  recent  Exposure  of  the  Lower 
Lias  and  Rhaetics  in  the  Spinney  Hills,  Leicester,  22. 

.    .     .     ( ).     Part  2  (1887).     1887. 

C.  A.  Moore.  The  Influence  of  the  Geological  Features  of  a  District  on 
the  Health  of  its  Inhabitants,  20. 

Leipzig.    Naturforschende  Gesellschafb.    Sitzungsberichte.   12Jahr- 
gang,  1885.     1886. 
J.  Felix.     Structurzeigende  Pflanzenreste  aus  der  oberen  Steinkohlen- 
Formation  Westphalens,  7. — A.   Sauer  und  F.  Schalch.     Ein  neues 
Mineral  aus  dem  Granuhte  bei  Waldheim,  27. 


.    Zeitschrifb  fur  Krystallographie  nnd  Mineralogie.    Band  xi. 

Hefte  5&Q.    1886.     Purchased. 
G.  Flink.     Studien  iiber  schwedische  Pvroxenmineralien,  449. — C. 
Schmidt.     Beitrage    zur    Kenntriss  der  Slcolezit,  587. — C.   Schmidt. 
Albit  aus  dem  Sericit-Gestein  von  Eppenhain  im  Taunus,  597. — 0. 
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Schmidt.  XJeber  die  Mineralien  des  Eisenoolithes  an  der  Windgalleii 
im  Canton  Uri,  597. — ^A.  Des  Cloizeauz.  Neue  flachen  am  Orthoklaa 
von  Elba,  605. — C.  Hintze.  Regelmasrige  Verwachaung  Ton  Bonrnonit 
mit  BleiglanZy  606. — 0.  Hintze.  Ueber  Anenolamprit,  606. — J.  Leb- 
mann.    Goutractionfiriasej  608. 

Leipzig.  ZeitschriftfiirKrystallographieimdMineralogie.  Bandxii. 
Hefte  1-6.  1886.  Purchased. 
R.  Scharizer.  Ueber  den  Zwillingsbau  des  Lepidolithes  und  die  regel- 
massigre  Verwachsung  yenchiedener  Glimmerarten  von  Schiittenhofen,  1. 
— ^H.  fiaambauer.  Ueber  die  Structur  und  die  mikroskopische  Beschaf- 
fenheit  von  Speiskobalt  und  Chloanthity  18. — A.  Cathrein.  Ueber  Mine- 
ralien yon  Predazzo,  34. — ^A.  Cathrein.  Verwadisung  von  Ilmenit  mit 
Magnetic,  40. — A.  Cathrein.  ZwilUnffsstreifun^  am  Magnetit,  47. — A 
Gehmacher.  Die  Krystallform  des  Pntscher  Zirkona,  50. — C.  Schmidt 
Mittheilungen  iiber  ungarische  Mineralvorkommen,  97.— M.  Schuster. 
Ueber  hemimorphe  Pyrarcnrritzwillinge  von  Andreasberg,  117. — ^A.  Des 
Cloizeaux.  Ueoer  das  EjrystaUsvstem  des  Descloizit,  178.  —  C.  S. 
Bement.  Ueber  neuere  amerikanische  MineralvorkommeD,  179. — F.  Pfii£ 
Hartecurve  der  Zinkblende  auf  der  Dodekaderflache,  180. — W.  Bamsay. 
Methode  zur  Bestimmung  der  Brechunffsexponenten  in  Piismen  mit 
groesen  brechenden  Winkeln,  209. — A.  Seeker.  Ueber  die  chenusche 
Zusammensetzung  des  Bary  tocalcits  und  des  Alstonits,  222.— C.  Barwald. 
Untersuchung  euiiger  Colestine,  229. — ^A.  Brand.  Ueber  Krystalle  aus 
dem  GestiibM  der  Bleidfen  in  Mechemich,  welche  dem  Mineral  Breit- 
hauptit  entsprechen,  234. — J.  Hockauf.  Ueber  Botrvogen,  240. — R. 
Scharizer.  Der  Monazit  von  Schiittenhofen,  255. — E.  S,  Dana.  Ueber 
den  Columbit,  267.— E.  S.  Dana.  Zur  Krystallisation  des  Groldes,  275.— 
K.  Obbeke.  Ueber  das  Vorkommen  des  Glaukophan,  282. — H.  Biicldng. 
Topas  von  San  Louis  Potosi  und  von  Durango,  4^  451. — ^F.  Feist 
Topas  vom  Dmengebii^e,  434. — R.  Riechelmann.  Datolith  von  dei 
Seiflser  Alp,  430. — ^T.  Liweh.  Colestin  von  Luneburg,  439. — G.  Vom 
Rath.  Einige  neue  und  seltene  Flachen  an  Quarzen  aus  der  Sammlung 
des  Herm  W.  C.  Hidden,  453. — E.  S.  Dana.  Mineralogische  Notizen, 
459. — E.  Hussak.  Ein  Beitrag  zur  Kenntniss  der  optischen  Anomalien  am 
Flusspath,  553. — E.  S.  Dana.  Ueber  die  Krystallisation  des  gediegenen 
Kupfers,  569. — ^A.  Knop.  Beitrage  zur  Kenntniss  ciniger  Glieder  der  Giim- 
merfamilie,  588.— A.  Knop.  Ueber  Pseudobiotit,  607.^A.  Knop.  Ueber 
krystallisirte  Niobeaure,  610. 

.     .     Bandxiii.     Heft  1.     1887.     Purchased. 

G.  Flink.  Ueber  LSngbanit,  ein  neues  Mineral  von  Lfingbaush  jttan  in 
Wermland,  Schweden,  1. — ^A.  Cathrein.  Ueber  die  Hornblende  von 
Roda,  9. — R.  Scharizer.  Ueber  den  Xenotim  und  iiber  eine  neue  Glim- 
mersverwachsung  von  Schiittenhofen,  15. — J.  Beckenkamp.  Baiyt  von 
Oberschaffhausen  im  Kaieerstuhl,  25. — ^V.  von  Zepharovich.  Neue  Pjro- 
zenfunde  in  den  Salzburger  Alpen,  45. — C.  S.  Bement.  Ueber  neuere 
amerikanische  Mineralvoncommen,  46. — ^H.  Mayer.  Kupferkies  von 
Holzheim  in  Nassau,  47. 

Leyden.  Geologische  Reichs-Mnseum.  Sammlongen.  Ser.  2.  No.l. 
1887.  Purchased. 
J.  H.  Kloss.  Untersuchungen  iiber  Gesteine  und  Mineralien  aus  West- 
Indien,  1. — J.  Lorid.  Fossile  Mollusken  von  Curasao,  Aruba  und  der 
Kuste  von  Venezuela,  111. — M.  Schepman.  Bijdrage  tot  de  kennis  der 
MoUuskenfauna  van  de  Schelpritsen  van  Suriname,  150. 
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liege.     Soci^t^  G^logiqne  de  Belgique.     Proc^- Verbal  de  I'As- 
sembl^e  Gendrale  du  21  Novembre,  1886.     (8vo.)     1887. 

.     Society  Bojale  dee  Sciences.    Memoiree.    Ser.  2.    Tome  xiii 

1886. 

Lille.  Sooi^te  Geologique  da  Nord.  Annales.  Tome  xiii.  (1885-86). 
Liyr.  4-6.  1886. 
A.  Six.  Lea  proc^^  op^toires  de  microchimie  en  lustologie 
min^rale,  206. — C.  JaimeL  Ugne  de  Gretz  k  Esternay,  246. — ^A.  Six. 
Le  glaciaire  paldozo'ique  et  I'^e  des  houilles  de  Flnde  et  d'Australie 
d'apr^  le  Dr.  W.  T.  Blanfordy  256, — J.  Ladridre.  La  terrain  quaternaiie 
de  la  valine  de  la  Deiile  k  Lille,  compart  a  celui  du  Nord  de  la  France, 
266. — J.  Ladri^re.  Note  sur  I'existence  de  la  tourbe  quatemaire  a  La  Flft- 
mengries-lez-BaTai,  288. — J.  Gosselet  Tableau  de  la  faune  coblenzienne, 
292. — J.  Gosselet.  Note  sur  lea  roches  dragu^s  au  large  d'Ostende,  310. 
— J.  Hall.  Les  Lamellibranches  devoniens  de  T^tat  de  New  York^  311. 
— J.  Gronnier.  Compte-rendu  de  Texcuraion  de  la  Soci^td  Gdologique  du 
Nord  du  4  Juillet  1886,  320. — Paulin-Arrault.  Sondage  au  lieu  dit  le 
Petit-Chateau  pr^s  de  TEtablissement  des  Boues  a  Saint-Amand,  329. — 
Manouvriez.  Documents  concemant  les  eaux  sulfureuses  du  Nord,  330. 
— Manouvriez.    Documents  concemant  les  eaux  salves  du  Nord,  331. 


Tome  xiv.  (1886-87).    livr.  1.    1887. 


J.  Gronnier.  Note  g^ologique  sur  le  Vermandois,  1. — E.  Canu.  Sur 
les  ossements  trouv^s  par  M.  Gr^ire  dans  PAach^nien  de  Hocq. — 
Recquignies,  20. — E.  Delecroix.  Note  sur  Talt^ration  des  eaux  d'un 
puits  en  Angleterre,  22.  — C.  Barrois.  Sur  le  Eersanton  de  la  Rade  de 
Brest,  31. 

Linnean  Society.    Journal.    Zoology.     Vol.  six.    Nos.  114  &  115. 
1886. 

.    .    .    Vol.  XX.     No.  116.    1886. 

P.  M.  Duncan.  On  the  Anatomy  of  the  Perignathic  Girdle  and  of 
other  parts  of  the  Test  of  Discoidea  cylindrical  Lamarck,  sp.,  48. 

.    .    .    VoLxxi.    Nos.  126-128.     1886. 

.    .    Botany.    Vol.  xxii.    Nos.  145-148.    1886  &  1887. 

J.  S.  Gardner.  Remarks  on  some  Fossil  Leaves  from  the  Isle  of  Mull 
(Scotland),  219. 

.    .    .    VoLxxiii.    No.  151.    1886. 

.    Transactions.    Ser.  2.    Zoology.    Vol.  ii.    Parts  12,  15-17. 

1885-86. 

.    .     .    .     Vol.  iii.     Part  4.     1885. 


Lisbon.     Sociedade  de  Geographia.     Boletin.    Serie  6.    Nos.  1  &  2. 
1886. 

.    .    .    Serie  6.     Nos.  4r-ll.     1886. 

J.  G.  Lang.    O  petroleo  do  Dande,  240. 

Liverpool  Geological   Society.      Proceedings.     1885-86.     Vol.  v. 
Part  2.     1886. 
T.  M.  Reade.     The  North  Atlantic  as  a  Geological  Basin,  14.^0. 
Ricketts.    The  Occurrence  of  Bitumen  in  the  Paksozoic  Rocks  of  Shrop- 
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Bhire,  181.— H,  C.  Beasley.  On  a  Section  of  the  Upper  Reaper  at  Oxton, 
134. — ^T.  M.  Reade.  Notes  on  a  Bed  of  Freshwater  Shells  and  a  Chipped 
Flint  from  the  Alt  Mouth,  137.-0.  W.  Jeflfs.  On  the  Occurrence  of 
Copper  in  the  Keuper  of  Peckforton  Hills,  130. — ^W.  Hewitt  Notes  on 
the  Topography  of^  Liverpool,  146. — ^T.  M.  Reade.  Boulders  wedged  in 
the  Falls  of  the  Cynfael,  J  65.— T.  M.  Reade.  On  a  Section  of  the  Trias 
at  VymwT  Street,  Eyerton,  displaying  evidence  of  Lateral  Pressure,  168i 
— A.  N.  Tate.  The  Origin  of  Petroleum  and  other  Natural  Hydrocar- 
bons, 160. — C.  Ricketts.  Impressions  of  Footprints  and  Plants  from  the 
Trias  of  Ozton  Heath,  168.— G.  H.  Morton.  The  Carboniferous  Lime- 
stone and  Cef  n-y-Fedw  Sandstone  of  Flintshire,  169. 

Liverpool.    Literary  and  Philosophical  Society.    Proceedings,  1884- 
1886.     Vol.  xxxix.     1885. 
R.  J.  H.  Gibson.    The  Relationship  of  Pakeontology  to  Biology,  105. 

.    .    ,  1885-86.    Vol.  xl.     1886. 

London,  Edinburgh,  and  DubUn  Philosophical  Magazine  and  Jonrnal 
of  Science.     Ser.  5.     VoL  xxii.    Nos.  134-139.     1886.     Pre- 
sented by  Dr.  W.  Francis,  F,O.S. 
H.  Hennessy.    On  the  Physical  Structure  of  the  Earth,  233.— H.  Hen- 
nessy.    Note  on  the  Annual  Precession  calculated  on  the  Hypothesis  of 
the  Earth's  Solidity,  328. 

.    .     Vol.  xxiii.     No8.  140-145.     1887.     PresenUd  by 

Dr.  W.  Francis,  F.G.8. 
O.  Fisher.    On  the  Amount  of  the  Elevations  attributable  to  Compres- 
sion through  the  Contraction  during  Cooling  of  a  Solid  Earth,  145. 

London  Iron  Trades  Exchange.    Nos.  1412-1437.     1886. 

.    Nos.  1438-1462.     1887. . 

Lyon.    Museum  d'Histoire  Naturelle.    Archives.    Tome  vi    1887. 
PurcTiased. 
F.  Fontannes.    Les  Teirains  Tertiaires  et  Quatemaires  du  Promontoiie 
de  la  Croix-Rousse,  &  Lyon,  27. 

Madrid.    Real  Academia  de  Ciendas  Exactas,  FisicaA  y  Naturales. 
Memorias.     Tomo  xL     1887. 

.    .     Revista  de  los  Progresos  de  los  Ciendas  Exacted 

Fisicas  y  Naturales.    Tomo  xxi.    Nos.  7-9.     1886. 

.    -; — .    .    Tomo  xxii.    Nos.  1-3.     1886-^7. 

M.  Merin^o.     Los  terremotos  experimentados  en  la  Liguria,  y  alta 
Suiza,  y  occidente  y  mediodia  de  Francia,  196. 

.     Sociedad  Espanola  de  Geografia  Comerdal.     Revista  de  Geo- 

grafia  Comerdal.     No.  25  d  30.     1886.    (4to.) 
F.  Quiroga.    Estructura  de  la  Peninsula  de  Rio  de  Oro,  8. — ^F.  Quiroga. 
Estructura  y  formacion  del  Sahara  ocddental,  63. — ^F.  Quiroga.    CoIm- 
dones  del  S&haza  y  de  Canarias,  72. 
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Manchester.  Geological  Society.  Transactions.   Vol.  xviii.   Fart  20* 
1886. 
W.  Boyd  DawldnB.    On  the  Formation  of  Agates,  625. 

.    .    .    Yol.  xix.     Parts  1-7.     1887. 


W.  B.  Dawkins.  On  the  Geo^nhy  of  Britain  in  tiie  Carboniferous 
Period,  87. — W.  Watts.  Geological  Sketches  at  Piethom  and  Deoshaw, 
47.— R.  T.  Burnett.  The  Question  of  the  Pre-Atiantic  Land,  79.-~G.  H. 
Kinahan.  The  Extent  of  the  CarbouiferouB  Sea  as  regards  Ireland,  114. 
— ^P.  F.  Kendall.  The  Carboniferous  Volcanoes  of  Great  Britain,  183. — 
T.  Ward.  On  the  Subsidences  in  the  Salt  Districts  of  Cheshire,  their 
History  and  Cause,  162. 

Melbourne.  GeologicalSociety  of  Australasia.  Transactions.  YoLi. 
Parti.  1886.  (Small  4to.) 
J.  Stirling.  Notes  on  the  Beni  Limestones,  11. — ^W.  Nelson.  Geolo- 
gical Observations  at  Wauru  Ponds,  19. — R.  von  Lendenfeld  and  J.  Stir- 
ling. Exploration  of  Mount  Bogong,  22. — ^T.  W.  E.  David.  Notes  on 
some  Points  of  Basalt  Eruption  in  New  South  Wales,  24. 

Milan.  Society  Italiana  di  Scienze  Natural!.  Atti.  Yol.  xxviii. 
Faso.  1-4.  1885-86. 
F.  Molinari.  Nuove  osservazioni  sui  minerali  del  granite  di  Baveno, 
68. — G.  B.  Villa.  Rivista  ^ologica  dei  terreni  della  Brianza,  79. — G. 
Mercalli.  II  terren^oto  sentito  in  Lombardia  nel  12  settembre  1884, 120. 
— L.  Ricciardi.  Ricerche  chimiche  sulle  rocce  vulcaniche  dei  dintomi  di 
Viterbo,  127.— F.  Bassani.  Avanzi  di  pesci  oolitici  nel  Veronese,  142. — 
F.  Sacco.  La  Valle  della  Stura  di  Cuneo,  215,  269.— F.  Molinari.  II 
poriSdo  del  Motterone,  264. 

Mineralogical  Society.  Mineralogical  Magazine  and  Journal.  Yol.  vii. 
Nos.  32  &  33.  1886. 
T.  G.  Bonney.  On  a  Glaucophane-eclogite  from  the  Val  d*Aoste,  1. — 
W.  J.  Lewis.  On  Idocrase  and  other  Minerals  recently  found  near  Zer- 
matt,  9. — H.  A.  Miers.  Ortboclase  from  Kilima-njaro  and  Adularia 
from  Switzerland,  10. — A.  Taylor.  On  the  Nomenclature  of  the  Hydro- 
carbon Compounds,  with  a  suggestion  for  a  new  classification,  13. — J.  F. 
Kerr.  The  Metallic  Ores  of  Chili,  18.— W.  H.  Bell.  New  Localities  for 
the  Mineral  Agalmatolite,  with  notes  on  its  composition,  24. — W.  I. 
Macadam.  On  a  New  Localitv  for  Agalmatolite,  29. — W.  I.  Macadam. 
On  some  New  Localities  for  tne  Mineral  Diatomite,  with  notes  on  the 
Chemical  Composition  of  the  Specimens  exhibited,  80. — J.  S.  G.  Wilson  and 
W.  I.  Macadam.  Diatomaceous  Deposits  in  Skye,  35.— W.  I.  Macadam. 
On  the  Chemical  Composition  of  the  Mineral  Bruiachite  found  by  Mr. 
T.  D.  Wallace,  of  Inverness,  at  Loch  Bhruithaich,  42. — C.  0.  Trechmann. 
Barytes  from  Addiewell,  West  Calder,  in  Midlothian,  49.— R.  H.  Solly. 
Francolite,  a  variety  of  Apatite  from  Levant  Mine,  St.  Just,  Cornwall,  67. 
— H.  Robinson.  Two  Analyses  of  Crystals  of  Apatite,  69.— R.  H.  Solly, 
Anglesite  from  Portugal,  61.— E.  Kinch.  On  Plattnerite,  63.— E.  Kinch. 
On  a  new  variety  of  Mineral  .from  Cornwall,  66. — J.  H.  Hampton.  Cassi- 
terite  of  the  Straits  Settiements,  71. — W.  I.  Macadam.  On  the  Occur- 
rence of  considerable  Deposits  of  Limonite  (Bog  Iron  Ore)  in  North-west 
Rose-shire,  72. — W.  I.  Macadam.  Further  Note  on  Agalmatolite  in 
Gairloch  Parish,  Ross-shire,  74. — W.  L  Macadam.  On  the  Analysis  of  a 
Sample  of  Talc  used  in  Paper-making,  73. — ^W.  I.  Macadam.  Analyses 
of  Samples  of  China  Clay  (Kaolinite),  Cornwall,  76. — D.  Honeyman. 
Note  on  the  Identification  of  the  Scotch  and  New  Brunswick '' Albertites/' 
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77. — ^F.  H.  BuUer.  Note  on  Schorlaceoos  Rocks  from  near  St.  Anstdly 
70. — J.  W.  JudcL  On  the  Relations  between  the  Solution-Planes  of 
Crystals  and  those  of  Secondary  Twinning ;  and  on  the  Mode  of  Uevelop- 
ment  of  Negative  Crystals  along  the  former,  81.— H.  A.  Miers.  Index  to 
Mineralogi^  Papers,  &c.,  1886,  93. 

Montreal.  Natural  History  Society.  Canadian  Record  of  Scienoe. 
Vol.  ii.  Nos.  3-6,  1886-87. 
Sir  J.  W.  Dawson.  Presidential  Address  before  the  British  Associa- 
tion for  the  Advancement  of  Science,  Sept  1886,  201. — H.  A.  Newton. 
Relation  of  the  £arth*B  Rocks  to  Meteorites,  228.— G.  F.  Matthew.  Dis- 
covery of  a  Pteraspidian  Fish  in  the  Silurian  Rocks  of  New  Brunswick, 
261. — G.  F.  Matthew.  Abstract  of  a  Paper  on  the  Cambrian  Faunas  of 
Cape  Breton  and  Newfoundland,  266. — G.  M.  Dawson.  The  Canadisn 
Rocky  Mountains,  186.— H.  M.  Ami.  Occurrence  of  ScolitAus  in  rocks 
of  the  Chazy  Formation,  304.— G.  F.  Matthew.  The  Pteraspidian  fish 
of  the  Silurian  Rocks,  3:^3. — F.  Bain.  On  a  Permian  Moraine  in  Prince 
Edward  Island,  341.— G.  F.  Matthew.  Illustrations  of  the  Fauna  of  the 
St.  John  Group,  367. — G.  M.  Dawson.  Note  on  the  Occurrence  of  Jade 
in  British  Columbia,  and  its  employment  by  the  Natives,  364. 

■  Royal  Society  of  Canada.     Proceedings  and  Transactions 

for  the  year  1885.    Vol.  iii.     1886. 

Section  IV. 

Sir.  J.  W.  Dawson.  On  the  Mesozoic  Floras  of  the  Rocky  Mountain 
Region  of  Canada,  1. — £.  J.  Chapman.  On  the  Wallbridge  Hematite 
Mine,  as  illustrating  the  Stock-formed  Mode  of  Occurrence  of  certain  Ore 
Deposits,  23. — D.  Honeyman.  Geology  of  Cornwallis  or  McNab's  Island, 
Hslif  ax  Harbour,  27.— G.  F.  Matthew.  Illustrations  of  the  Fauna  of  the 
St.  John  Group  (continued).  No.  III.,  29. 

MoRCow.     Societe  Imperiale  des  Naturalistes.    Bulletin.    Tome  Izi. 
2«  partie  (1885).     Nos.  3  &  4.     1 886. 
H.  Trautschold.    Ueber  das  Genus  £dettus,  04. 

.     .     .     Tome  bdi.     !•  partie  (1886).     Nos.  1  &  2. 

1886. 
A.  Pavlow.   Note  sur  I'histoire  de  la  faune  kimm^dienne  de  la  Russie, 
227. 

.     .    .     Tome  Ixii.     2»  partie  (1886).    Nos.  3  &  4. 

1886. 
M.  Pavlow.    Les  ammonites  du  groupe  Okostephanvs  versicolor,  27. 

.    .    .    Tome  Ixiii.     1«  partie  (1887).    Nos.  1  &2. 

1887. 
D.  Anutschin.    Ueber  die  rests  des  Hohlenb&ren  aus  Transkaukasien, 
216, 376. — M.  Pavlow.    Etudes  sur  Thistoire  pal^ontologique  des  ongul^ 
en  Am^rique  et  en  Europe,  343. 

.    .     Nouvcaux  Memoires.     Tome  xv.    livr.  4.    1886. 

H.  Trautschold.    1^  N^ocomien  de  Sably  en  Crim^e,  119. 

Munich.  Koniglich-bayerische  Akademie  der  Wissenschaften.  Ab- 
handlungen  der  mathematisch-pbysikalisohen  Classe.  Band  xt. 
Abth.3.     1886. 
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Nancy.     Academie  de  Stanislas.     M^moires^  1885.     136*  Ann^. 
5«  Serie.    Tome  iii.     1886. 

.    Society  des  Sciences.  Bulletin.  S^rie2.  Tomeviii.  Fasc.lD. 

1886. 
Riche.    Note  but  la  flore  de  T^tage  rh^tien  aux  environs  de  Nancy, 
150. 

Nature.    Vol.  xxxiv.    Nos.  869-887.     1886. 

A.  Blytt.  On  Variations  of  Climate  in  Course  of  Time,  220. — J.  M. 
Alexander.  The  Craters  of  Mokuaweowes,  on  Mauna  Loa,  232, 239. — 
Tbe  Volcanic  Eruption  in  New  Zealand,  801.— A.  Geikie.  The  recent 
Volcanic  Eruption  in  New  Zealand,  820.— C.  Reid.  The  Pliocene  De- 
posits of  North-western  Europe,  841. — W.  C.  Williamson.  Our  Fossil 
Fseudo-AlgSB,  869.^r.  Hector.  The  recent  Volcanic  Eruption  in  New 
Zealand,  389. — Sir  J.  W.  Dawson.  Inaugural  Address  delivered  to  the 
British  Association  Meeting  at  Birmingham,  409. — T.  G.  Bonney.  Open- 
ing Address  to  Section  C,  Geology,  Bntish  Association,  442. — W.Topley. 
The  recent  American  Earthquake,  470. — 'K  von  Leudenfeld.  A  Glacial 
Period  in  Australia,  622.— J.  S.  Gardner.  Sketch  of  the  Early  History 
and  Subsequent  Progress  of  Palseobotany,  598. — The  recent  Earthquakes 
and  Volcanic  Eruptions,  599.— Sir  R  S.  Ball.  Note  on  the  Astronomical 
Theory  of  the  Great  Ice  Age,  607. 

.     Vol.  XXXV.     Nos.  888-912.     1886-87. 

E.  Hull.  The  Geology  of  the  Lebanon,  10. — J,  Milne.  Volcanoes  of 
Japan,  19. — ^T.  C.  Mendenhall.  Report  on  the  Charleston  Earthquake, 
81.— W.  Topley.  The  Erosion  of  the  English  Coasts,  87.— T.  G.  Bonney. 
Volcanic  Dust  from  New  Zealand,  66. — H.  0.  Lewis.  Comparative 
Studies  upon  the  Glaciation  of  North  America,  Great  Britain^  and  Ire- 
land, 89.— T.  G.  Bonney.  Volcanic  Eruption  in  Niua-fu,  Friendly 
Islands,  127. — J.  S.  Hay  and  J.  M.  Metzger.  Earthquake  in  Sierra 
Leone,  141.— Deposits  of  Volcanic  Dust,  174.— J.  Stirling.  On  some 
Further  Evidences  of  Glaciation  in  the  Australian  Alps,  182. — J.  W. 
Judd.  The  Relations  between  Geology  and  the  Mioeralogical  Sciences, 
392,  414.— Earthquake  in  Switzerland,  442.— J.  W.  *Judd.  The  Relation 
of  Tabasheer  to  Mineral  Substances,  488.— W.  E.  Hidden.  The  Mazanil 
Meteoric  Iron,  572. — ^T.  H.  Huxley.  Preliminary  Note  on  the  Fossil  Re- 
mains of  a  Chelonian  Reptile,  Ceraiochelys  Hhenunu,  from  Lord  Howe's 
Island,  Australia,  615. 

.    VoL  xxxvi.     Nos.  914-920.     1887. 

R.  Abercromby.  Upper  Wind-Currents  near  the  Equator,  and  the 
Difiusion  of  Erakatao  Dust,  85. — A.  B.  Dick.  On  Zircons  and  other 
Minerals  contained  in  Sand,  91. — J.  A.  Ewin?.   A  recent  Japanese  Earth- 

Snake,  107.— The  Fosail  Fishes  of  Mount  Lebanon,  132.— P.  W.  Bassett- 
mith.    Notes  on  the  Geology  of  part  of  the  Eastern  Coast  of  China  and 
the  adjacent  Islands,  168. 

Neuch&tel.     Societe  des  Sciences  Naturelles.    Bulletin.    Tome  xv. 
(1884-1886).     1886. 

F.  de  Tribolet.  Notes  sur  la  Carte  du  ph^nom^ne  erratique  et  des 
anciens  glaciers  du  versant  Nord  des  Alpes  suisses  et  de  la  chune  du 
Mont-Blanc,  de  M.  A.  Favre,  8.— F.  de  Tribolet.  Sur  la  Carte  des  bas- 
sins  erratiaues  de  la  Suisse  d'Arnold  Guyot,  9. — A  Hirsch.  Note  sur 
I'^ruption  ae  Krakatau,  47. — A.  Jaccard.  Note  sur  la  source  de  la  Reuse 
et  le  Bassin  des  TsulHeres^  60. — F.  de  Tribolet.  Les  tremblements  de 
terre  en  Eeqpagne,  88. 
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Newcastle-Tipon-Tyne.  Natural  Hifitory  Society  of  Northumberland, 
Durham,  and  Newcastle-upon-Tyne,  and  Tyneside  Natoralista' 
Field  Club.     Natural-History  TranBactions.     Vol.  idii.    Part  3. 

1886. 

.    .     .    Vol.  ix.     Parti.     1887. 

.    North  of  England  Institnte  of  Mining  and  Mechanical  En- 
gineers.   Transactions.    Vol.  xxxv.    Parts  3  &  4.     1886. 
J.  D.  Kendall.    The  Iron  Ores  of  the  English  Secondaiy  Rocks,  105.-- 
G.  J.  Binns.    Coal-Mining  in  New  Zealand,  175. 

.    .    .     Transactions.     Vol.  xzxvi.    Parts  1  A  2* 

1887. 
G.  A.  Lebonr.    Notes  on  the  Coal-Measures  of  Catalonia,  Spain,  83. 

New  Haven.  American  Journal  of  Science.  Ser.  3.  Vol.  zxm 
Nos.  187-192.  1886. 
C.  G.  Rockwood.  jun.  Notes  on  American  Earthquakes,  7. — O.  Meyer. 
Observations  on  tne  Tertiary  and  Grand  Gulf  of  MissLssinpi,  20.-^A. 
Hague  and  J.  P.  Iddings.  Notes  on  the  Volcanic  Rocks  of  the  Republic 
of  Salvador,  Central  America,  26.—- H.  M.  Seely.  The  Genus  Sb-epkth 
chetusy  distribution  and  species,  31. — N.  S.  Shaller.  Preliminary  Report 
on  the  Geology  of  Cobecook  Bay  District,  Maine,  35.— J.  D.  Dana.  On 
some  GeDeral  Terms  applied  to  Metamorphism  and  to  the  Porphyritic 
Structure  of  Rocks,  60.— S.  L.  Penfield  and  D.  N.  Harper.  On  the  Che- 
mical Composition  of  Herderite  and  Beryl,  with  note  on  the  Precipitatioa 
of  Aluminum  and  Separation  of  Beryllum  and  Aluminum,  107. — ^W.  Croa 
and  L.  G.  Eakins.  On  Ptilolite,  a  new  Mineral,  117. — J.  S.  Diller.  Notes 
on  the  Peridotite  of  Elliot  County,  Kentucky,  121.— E.  S.  Dana.  On 
the  Crystallization  of  Gold,  132.— C.  D.  Walcott.  Classification  of  tiie 
Cambrian  System  of  North  America,  138. — J.  Le  Conte.  A  Post-Ter- 
tiary Elevation  of  the  Sierra  Nevada  shown  by  the  River  Beds,  167.— 
H.  S.  Williams.  Devonian  Lamellibranchiata  and  Species-makinff,  192. 
— G.  P.  MerriU.  Composition  of  certain  "  Pliocene  Sandstones  "  from 
Montana  and  Idaho,  Wd. — W.  E.  Hidden  and  A.  des  Cloizeaux.  Contri- 
butions to  Mineralogy,  204. — ^F.  W.  Clarke  and  J.  S.  Diller.  Tupquoiae 
from  New  Mexico,  211.— E,  S.  Dana  and  S.  L.  Penfield.  On  tvro  hitherto- 
undescribed  Meteoric  Stones,  226. — J.  D.  Dana.  A  dissected  Volcanic 
Mountain ;  some  of  its  revelations,  247. — R.  D.  Irving.  Origin  of  the 
Ferruginous  Schists  and  Iron  Ores  of  the  Lake  Superior  r^on,  255.— 
H.  A.  Wheeler.  Further  Notes  on  the  Artificial  Lead  Smcates  from 
Bonne  Terre,  Mo.,  273. — J.  G.  Meem.  Limonite  Pseudomorphs  after 
Pyrite,  274.— 0.  W.  Huntington.  On  the  Crystalline  Structure  of  Iron 
Meteorites,  284. — ^W.  E.  Hidden.  A  new  Meteoric  Iron  from  Texas,  306. 
— S.  L.  Penfield  and  F.  L.  Sperry.  On  Pseudomorphs  of  Garnet  fipom 
Lake  Superior  and  Salida,  Colorado,  307.— G.  F.  Eunz.  Further  Notes 
on  the  Meteoric  Iron  from  Glorieta  Mt.,  New  Mexico,  311. — ^E.  S.  Dana. 
On  the  Brookite  from  Magnet  Cove,  Arkansas,  314. — W.  M.  Davis.  The 
Structure  of  the  Triassic  Formation  of  the  Connecticut  Valley,  342.— 
F.  W.  Clarke.  Researches  on  the  Lithia  Micas,  363.— J.  C.  Branner. 
Thickness  of  the  Ice  in  North-eastern  Pennsylvania  during  the  Glacial 
Epoch,  362.— T.  M.  Chatard.  Lucasite,  a  new  varie^  of  Vermiculitet 
376.— W.  G.  Brown.  Crystallographic  Notes,  377.— S.  L.  Penfield  and 
D.  N.  Harper.  Chemicar  Composition  of  Ralstonite,  380. — ^E.  S.  Dana. 
Mineralogical  Notes,  386.— E.  S.  Dana.  On  the  Crystallization  of  Native 
Copper,  413.— W.  N.  Rice.    On  the  Trap  and  Sandstone  in  the  Gorge  of 
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ihe  Farmington  HiyeT  at  TariiiVilley  Conn.,  480. — ^H.  C.  Lewis.  Gom- 
paratiye  Studies  npon  the  Glaciation  of  North  America,  Great  Britain, 
and  Ireland,  433. — ^I.  P.  Bishop.  On  certain  Fosailiferous  Limestones  of 
Columbia  Co.,  N.  Y.,  and  theb  relation  to  the  Hudson  River  Shales  and 
the  Taconic  System,  438.— S.  L.  Penfield.  Crystallized  Vanadinite  from 
Arizona  and  New  Mexico,  441. — S.  W.  Ford.  Note  on  the  Age  of  the 
Swedish  Paradozides  Beds,  473. 

New  Haven.  American  Joamal  of  Science.  8er.  3.  Vol.  xxxiii. 
Nos.  193-197.  1887. 
C.  A.  White.  Age  of  Coal  found  in  the  re^on  traversed  by  the  Rio 
Grande,  18. — J.  S.  Diller.  The  latest  Volcanic  Eruption  in  Northern 
Califomia,  and  its  peculiar  Lava,  46. — G.  F.  Becker.  The  Texture  of 
Massive  Rocks,  60. — G.  F.  Kunz.  fifth  Mass  of  Meteoric  Iron  from 
Augusta  Co.,  Va.,  58.— J.  S.  Emerson,  L.  L.  Van  Slyke,  F.  S.  Dodge. 
Kilauea  after  the  Eruption  of  March  1886,  87.— J.  D.  Dana.  Volcanic 
Action,  102.— P.  W.  Huntington.  The  Coahuila,  116.— S.  L.  Penfield. 
Phenacite  from  Colorado,  with  notes  on  the  Locality  of  Topaz  Butte  by 
W.  B.  Smith,  130.— G.  H.  WiUiams.  The  Norites  of  the  "Cortlandt 
Series ''on  the  Hudson  River,  near  Peekskill,  N.  Y.,  136,  191.— A.  N. 
Allmg.  On  the  Topaz  from  the  Thomas  Range,  Utah,  146.— G.  F.  Becker. 
Natural  Solutions  of  Cinnabar,  Gold,  and  associated  Sulphides,  199. — 
N.  S.  Shaler.  Fluviatile  Swamps  of  New  England,  210.— W.  E.  Hidden. 
On  the  Mazapel  Meteoric  Iron,  which  fell  November  27,  1887,  221. 
— G.  F.  Euntz.  On  two  new  Meteorites  firom  Carroll  County,  Ken- 
tucky, and  Catozze,  Mexico,  228. — J.  J.  Stevenson.  The  Faults  of 
South-west  Vir^nia,  262.  —  J.  D.  Dana.  On  Taconic  Rocks  and 
Stratigraphy,  with  a  Geological  Map  of  the  Taconic  Regions,  270. — G. 
H.  Kinahan.  Irish  Esker  Drift,  276.— A.  H.  Chester.  Mineralogical 
Notes  from  the  Laboratory  of  Hamilton  College,  284.— R.  T.  EliU.  The 
Topography  and  Geology  of  the  Cross  Timbers  and  surrounding  regions  in 
Northern  Texas^  291.— O.  C.  Marsh.  American  Jurassic  Mammals,  327. 
— C.  A.  White.  On  the  Inter-Relation  of  Contemporaneous  Fossil  Faunas 
and  Floras,  364.— L.  P.  Gratacap.  The  Eozoonal  Rock  of  Manhattan 
Island,  374. — G.  H.  Stone.  Terminal  Moraines  in  Maine,  378. — C.  R. 
Van  Hise.  Note  on  the  Enlargement  of  Hornblendes  and  Augites  in 
Fragmental  and  Eruptive  Rocks,  386. — J.  D.  Dana.  On  Taconic  Rocks 
and  Stratigraphy,  with  a  Geological  Map  of  the  Taconic  Region,  393. 

.     ConnecticTit  Academy  of  Arts  and  Sciences.     Transactions. 

Vol.  viii.    Part  1.    1886. 

New  York.  Academy  of  Sciences.  Annals.  Vol.  iii.  Nos.  9-12. 
1886. 
G.  F.  Kuntz.  On  remarkable  Copper  Minerals  from  Arizona,  276. — 
G.  F.  Kuntz.  The  Meteorite  from  Glorieta  Mountain,  Santa  F^,  New 
Mexico,  329.— F.  J.  H.  Merrill.  On  the  Geology  of  Long  Island,  341.— 
A.  A.  Julien.  On  the  Variation  of  Decomposition  in  the  Iron  Pyrites ; 
its  Cause  and  its  relation  to  Density,  366. 

.    .    Transactions.    Vol.  v.  (1886-86).    Nos.  2-8.    1886. 

J.  S.  Newberry.  Description  of  some  GKgantic  Placed  erm  Fishes 
recentlv  discoveied  in  the  Devonian  of  Ohio.  26. — B.  B.  Chamberlin. 
Minerals  of  Harlem  and  Vicinity,  74. — J.  J.  Friedrich.  Notes  on  Local 
Mineralogy,  121. — R.  P.  Stevens.  On  the  San  Juan  Mountains  of  Colo- 
rado, 121.— G.  F.  Kuntz.  Rare  Gems  and  interesting  Minerals,  131. — 
J.  S.  Newberry.    The  Cretaceous  Flora  of  North  America,  133.— G.  F. 
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Enntz.  Notes  on  some  Minerals  from  the  West,  213. — ^N.  L.  Britton. 
Geological  Notes  in  Western  Virginia,  North  Carolina,  and  Eastern  Ten- 
nessee, 215.— G.  F.  Kuntz.  :&Iineraloncal  Notes,  223.— G.  F.  Kiintz. 
A  Meteorite  from  Catorce,  Mexico,  227. — ^B.  B.  Ghamberlin.  Minerals 
of  Staten  Island,  22d.->G.  F.  Kuntz.  Description  of  a  hurge  Garnet,  265. 
— G.  F.  Kantz.  On  Rock  Crystal ;  its  Catting  in  Japan,  Germanj,  and 
the  United  Stetes^  2G7. 

New  York.    American  Museum  of  Natural  History.     Annual  Be- 
port  of  the  Trustees,  for  the  year  1 886-87.     1887. 

.    .    BuUetin,    Vol.  i.     Nos.  7  &  8.     1886. 

B.  P.  Whitfield.  Notice  of  Geological  Investigations  along  the  Eastern 
Shore  of  Lake  Champlain,  conducted  hy  H.  M.  Seely  and  Ezra 
Brainerd,  of  Middlebury  College,  with  Descriptions  of  the  new  FoeaUs 
discovered,  295.— R  P.  Whitfield.  Notice  of  a  new  Fossil  Body, 
probably  a  Sponge  related  to  JOictycphyton,  346. 

Northampton.    Northamptonshire  Natural-Blstory  Society  and  Field 
aub.    Journal.     Vol.  iii.     No.  24.     1885. 

.     .    .     VoLiv.     Nos.  25  &  26.     1886. 

B.  Thomnson.  The  Upper  Lias  of  Northamptonshire,  16. — R  Thompson. 
Ad^tional  Notes  on  the  Fish  and  Insect  BckIs  of  Northamptonshire,  27. 
— H.  J.  Eunson.  Notes  on  the  Beep  Boring  at  Orton,  near  Kettering, 
Northunptonshire^  57. 

.    .    .    VoLiv.    Nos.  28  &  29.    1886  &  1887. 

W.  Tuckwell.  The  Erratics  of  Leicestershire  and  Warwickshire,  145« 
— ^B.  Thomjwon.  The  Middle  Lias  of  Northamptonshire,  167. — ^H.  J. 
Eunson.  List  of  Works  on  the  Geology,  Mineralogy,  and  Pals&ontolosy 
of  Northamptonshire,  178. — G.  R  Vine.  Jurassic  Folvzoa  in  the  Nei^- 
bourhood  of  Northampton,  202. — ^B.  Thompson.  The  Upper  Lias  of 
Northamptonshire,  215. — W.  D.  Crick.  Note  on  some  Forammifera  from 
the  Oxford  Clay  at  Keyston,  near  Thrapston,  232. 

Nottingham  Naturalists'  Society.     Transactions  and  33rd  Annual 
Beport,  1885.    1886.    Presented  by  W.  Whitaker,  Esq,,  F.GJ5. 
K  B.  Hodges.    The  Erakatoa  Catastrophe,  30. 

.     Transactions  and  34th  Annual  Beport,  1886.     1887. 

A.  T.  Metcalfe.  Bain  and  Bivers  as  Geoloffical  Agents^  35. — J.  Ship- 
man.  Some  traces  of  the  Ancient  Beach  of  the  Lower  Keuper  at  Don- 
nington,  61. 

Palfldontographical  Society.  Monographs.  Vol.  zl.  for  1886. 
1887.  (Two  copies.) 
W.  C.  Williamson.  A  Monograph  on  the  Morphology  and  Histology 
of  StigmariaJicoideSy  part  1. — G.  J.  Hinde.  A  Monograph  of  the  British 
Fossil  Sponges,  part  1. — W.  H.  Hudleston.  A  Monograph  of  the  British 
Jurassic  Gasteropoda,  part  1,  No.  1. — S.  S.  Buckman.  A  Monograph  on 
the  Inferior  Oolite  Anuuonites,  part  L — W.  Boyd  Dawkins.  The  British 
Pleistocene  Mammalia,  part  6. 

Paris.      Acad^mie  des  Sciences.      Comptes  Bendus.      Tome  cii« 
N08.25&26.    1886. 
E.  Jacquot.    Sur  la  constitution  g^logique  des  P^r^^  1506. — C. 
V^lain.    Sur  la  presence  d'une  rangde  de  dIocs  erratiques  ^houds  sur  la 
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c6te  de  Normandie,  1589. — H.  SilyestrL  Sur  r^ruption  de  TEtna  de  mai 
et  join  1886, 1589. 

Paris.    Academie  des  Sciences.     Comptes  Bendus.    Tables*     1886, 

.    .    .    Tome  ciii.    Nos.  1-26.     1886. 

G.  de  Saporta.  Sur  Thorizon  r^el  qui  doit  Stre  assign^  k  la  flore  fossils 
d*Aix  en  Provence,  27, 191. — A.  F.  Nogufts.  Sur  le  systdme  triasique  des 
Pyr^n^es  Orientales,  a  propos  d'une  communication  de  M.  Jacquot,  91. — 

E.  Rividre.  Faune  des  Invert^br^s  des  grottes  de  Menton,  en  Italie,  94. 
— ^H.  Faye.  Sur  les  rappnorta  de  la  Geodesic  avec  la  G^oloffie,  99,  296. — 
R.  Br^on.  Sur  Tassociation  cristallographique  des  feldspatns  tridiniques, 
170. — Viguier.  Surlesroches  des  CorDi^res  appel^s  ophites,  172. — C. 
Barrois  et  A.  Offret.  Sur  les  schistes  micac^es  primitifs  et  cambriens  du 
sud  de  TAndalousie,  174. — 0.  Barrois  et  A.  Offret.  Sur  les  scbistes  et 
^eiss  amphiboliques,  et  sur  les  calcaires  du  sud  de  I'Andalousie,  221. — 
£.  H^ert  Observations  sur  les  (n^oupes  s^dimentaires  les  plus  anciens 
du  nord-ouest  de  la  France,  230.— -L.  Cn6.  Recberches  sur  la  v^g^tation 
miocdne  de  la  Breta^e,  290. — C.  Loiy.  Sur  la  presence  de  cristaux 
microscopiques  de  min^raux  du  group  des  feldspaths,  dans  certains 
calcaii*es  jurassiques  des  Alpes,  30^. — 0.  Barrois  et  A.  Offret.  Sur  la 
disposition  des  bribes  calcaires  des  Alpujarras,  et  leur  ressemblance 
avec  les  br^cbes  bouill^ros  du  nord  de  la  France,  400. — E.  Willm.  Sur 
la  composition  des  eaux  de  Bagn^ros-de-Luchon  (Haute-Garonne), 
416. — ^Nadaillac.  Sur  la  d^couverte,  &ite  en  Belgique,  d'une  s^pulturo 
de  Tage  du  Mammoutb  et  du  Rhinoceros,  490. — A.  Caraven-Cachin 
et  Grand.  Nouvelles  recberches  sur  la  configuration  et  T^tendue  du 
bassin  houiller  de  Carmaux,  527. — ^L.  Cri^.  Sur  les  affinit^s  des  flores 
oolithiques  de  la  France  occidentale  et  de  TAngleterro,  528. — L.  Vidal. 
Sur  le  tremblement  de  terre  du  27  aout  en  Gr^ce,  5(J3. — F.  Schrader. 
Carte  ronr^sentant  les  terrains  granitiques  et  cr^tac^s  des  Pyr^n^s  espag- 
noles  et  leur  disposition  en  chainons  obliques  et  8uccessi&,  565, — F.  Fon- 
tannes.    Constitution  g^ologique  du  sol  de  la  Croix-Rousse,  Lyon,  613. — 

F.  Gonnard.  De  auelques  roches  grenatifdres  du  Puy-de-D6me,  654. — 
S.  Meunier.  Sur  le  gite  phosphat<$  de  Beauval,  Somme,  657. — L.  Cri^. 
Contribution  k  I'^tude  des  nores  tertiaires  de  la  France  occidentale  et  de 
la  Dalmatie,  699. — Gurlt.  M^t^rite  trouv^e  dans  un  lignite  tertiaire, 
702.— A.  Daubr^  Meteorite  tomb^  le  27  Janvier  1886  dans  Flnde,  a 
Mammianthul,  province  de  Madras,  726. — C.  E.  Bertrand  et  B.  Renaidt. 
Remarques  sur  le  Poratylon  stephanensey  765. — A.  de  Lspparent  Sur  lee 
rapports  de  la  G^od^ie  avec  la  G^logie,  772. — C.  £.  Bertrand  et  B. 
Renault.  Nouvelles  remarques  sur  la  tifl^  des  Poroxylons,  Gynmospermes 
fossiles  de  T^poque  houilldro,  820. — A.  Lacroix.  Examen  p^trographique 
d'une  diabase  carbonifdre  des  environs  de  Dumbarton  (Ecosse),  824. — 
E.  Jourdv.  Les  dislocations  du  globe  pendant  les  p^riodes  r^entes,  leurs 
r^aux  ae  fractures  et  la  conformation  des  continents,  826. — H.  Hermite. 
Sur  Tunite  des  forces  en  G^ologie,  829. — Stanislas  Meunier.  Substance 
singulidre  recueilUe  a  la  suite  d'un  m^t^ore  rapport^  a  la  foudro,  837. — 
H.taye.  R^ponse  a  une  Note  de  M.  de  Lapparent  sur  les  rapports  de  la 
G^od^sie  et  de  la  Geologic,  841. — Marcel  de  Fuydt  et  Max.  Lebest.  Sur 
les  habitants  de  la  grotte  de  la  Beche-aux-Roches,  893. — L.  Cri^.  Sur 
les  affinity  des  flores  ^ocdnes  de  la  France  occidentale  et  de  la  province 
de  Saxe,  894. — E.  Riviere.  Faune  des  oiseaux  trouv^  dans  les  grottes 
de  Menton,  Italie,  944. — G.  Cotteau.  Sur  les  Echinides  jurassiques  de 
la  Lorraine,  947. — ^A.  Gaudry.  La  grotte  de  Montgaudier,  970. — J.  A.  Le 
Bel.  Sur  les  p^troles  de  Kussie,  1017. — S.  Meunier.  Calcaire  grossier 
marin  des  environs  de  Provins  (Seine-et-Mame),  1031. — C.  Dep^ret    Sur 
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le  sjfitdme  d^yonieii  de  la  chaine  orientals  dee  Pyr^ndes,  1033.~F. 
Goimard.  Sur  les  pl^romorphoses  de  quartz  de  Saint  GMment,  1036.— 
A.  Lacroix.  Descnption  d'une  vari6t6  de  carpliosid^ritey  1037.— A.  de 
Lapporent  Sur  les  conditions  de  forme  et  de  density  de  F^corce  ter- 
restre,  1040. — L.  Cri^.  Contribution  k  T^tude  des  fruits  fossiles  de  la 
flore  docdne  de  la  France  occidentale,  1143. — ^E.  Bureau.  Sur  la  forma- 
tion de  Bilobites  a  V^poque  actueUe,  1164. — S.  Meunier.  Examen  d'eaux 
min^rales  de  Java,  1205. — De  Folin.  Sur  une  nouvelle  situation  des 
Tocbes  nummulitiques  de  Biarritz,  1207. — C.  Dep^ret  Sur  rimportanoe 
et  la  dur^e  de  la  pi^riode  pliocdne,  d'apr^  T^tude  du  bassin  du  Rouasillon ; 
nouveaux  documents  pour  le  faune  de  Mammif&res  pliocenes  de  ce  bassin, 
1208. — £.  Riviere.  Des  Reptiles  et  des  Poissons  trouv^s  dans  la  CTotte 
de  Menton,  Italic,  1211. — F.  Gonnard.  Sur  deux  rocbee  fli  b^ryl  et  i 
apatite  du  V^laj  et  du  Lyonnais,  1233. 

Paris.  Acad^mie  des  Sciences.  Comptes  Rendns.  Tome  dv. 
No8. 1-24,  1887. 
A.  F.  Nogu^.  Observations  relatives  k  une  Note  de  M.  Vi^er,  sur 
les  roches  des  Corbidres  appellee  ophites,  et  a  une  Communication  de  M. 
Dep^ret,  sur  le  systdme  dSvonien  ae  la  cbaine  orientale  des  Pyr^n^es,  93. 
— S.  Meunier.  Examen  microscopique  des  cendree  du  Krakatau,  95.— 
A.  Lacroix.  Examen  critique'  de  quelques  min^raux,  97. — De  Lessepa. 
Sur  divers  pb^nom^nes  offerts  par  les  puits  art^iens  i^emment  for^  en 
Algdrie,  135. — It.  Collot.  Age  de  la  bauxite  dans  le  sud-est  de  la  France, 
127. — VenukoE  Considerations  sur  la  Carte  g^logiq^ue  du  lac  Baikal  et 
de  ses  environs,  137. — ^V.  Lemoine.  Sur  le  genre  Henadapis,  manunifere 
fossile  de  Tdocdne  inf<Srieur  des  environs  de  Reims,  190.-^  Meunier.  La 
Giovanite,  nouvelle  roche  cosinique,  193. — A.  Lacroix.  Description  d'nne 
ThovMonite  lamellaire  de  Bishopton,  Renfrewshire,  Ecosse,  234. — A  La- 
croix. Sur  une  ^pidote  blanche  du  canal  du  Beagle,  Terre  de  Feu,  235.— 
A.  Issel.  Sur  I'existence  de  valines  submerge  dans  le  golfe  de  Genes, 
250. — ^F.  Gonnard.  Sur  certains  ph^nomdnes  de  corrosion  lin^aire  de  la 
caldte  de  Couzon,  Rhone,  316. — A.  IsseL  Sur  T^poque  du  creusement 
des  valines  submerg^es  du  golfe  de  G^nes,  318. — C.  Dep^ret.  Sur  la  faone 
de  Vertebras  mioc^nes  de  la  Grive-Saint-Alban,  Isdre,  379. — J.  Thoulet 
Experiences  synthetiques  sur  I'abrasion  des  roches,  381. — ^L.  Roule.  Sur 
les  gisements  et  Tage  de  la  bauxite  dans  le  sud-est  de  la  France,  383.— 
Favarcq  et  Grand'Euiy.  Sur  un  grds  d*origine  orgamoue  d^couvert  dans 
les  couches  de  houille  du  bassin  de  la  Loire,  398. — ^V.  Lemoine.  Sur 
I'ensemble  des  recherches  pal^ontologiques  futes  dans  les  terriuns  ter- 
tiaires  inferieurs  des  environs  de  Reims,  403. — E.  Bureau.  Sur  le  mode 
de  formation  des  Bilobites  strips,  406. — ^P.  Hautefeuille  et  L.  P^an  de 
Saint-Gilles.  Sur  la  reproduction  des  micas,  606.— D.  CEhlert  Sur  les 
oscillations  qui  se  sont  produites  pendant  la  p^riode  primaire  dans  le 
bassin  de  Laval,  628. — J.  Bergeron.  Sur  la  constitution  g^ologique  de  la 
Montagne-Noire,  630. — E.  Stephan.  Le  tremblement  de  terre  du  23 
fSvrier,  k  I'observatoire  de  Marseille,  666, — A.  Gorgeu.  Sur  le  ferrite  de 
zinc.  Production  artificielle  de  la  f^klinite,  680.— G.  RoUand.  Sur  la 
geologic  de  la  r%ion  du  lac  Kelbia  et  du  littoral  de  la  Tunisie  centrale, 
697. — Reillj.  Sur  les  nsements  de  I'dtain,  au  point  du  vue  gtologi<^ae, 
600. — ^E.  de  Kroustchon.  Sur  de  nouveaux  procM^  de  reproduction 
artificielle  de  la  silice  cristallis^e  et  de  Torthose,  602. — ^Fines.  Sur  le 
tremblement  de  terre  du  23  f^vrier,  enregistrd  k  I'observatiore  de  Per- 
pignan,  606. — ^F.  A.  Forel.  Sur  les  effets  du  tremblement  de  terre  du  23 
f  dvrier  1887  dans  la  Suisse  orientale,  608. — S.  Meunier.  Tremblement  de 
teiie  du  23  fiSvrier,  k  Nice,  611. — ^A.  Tissot.  Le  tremblement  de  terre  du 
23  f6vrier,  k  Voreppe,  Is^re,  611. — J.  Reveille.    Le  tremblement  de  tene 
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da  23  f(5mer,  h  Saint-Tropez,  612. — F.  Denza.  Tremblement  de  terre 
du  2«3  fSvrier  en  Italie,  659. — Francois.  Propagation  du  tremblement  de 
terre  de  la  Ligurie,  660. — A.  IsseL  Sur  le  tremblement  de  terre  de  la 
Ligurie,  662. — M.  E,  de  Rossi.  Sur  la  tempete  sismique  italienne- 
fran9ai8e  du  23  f^vrier,  1887,  664. — Alluard.  Secoussea  de  tremblement 
de  terre  ressenties  k  Clermont-Ferrand,  le  23  ftvrier,  666. — Perrotin.  Le 
tremblement  de  terre  du  23  fSvrier  k  Nice,  666. — A.  Lacroix.  Sur  les 
variations  de  composition  des  porphvrites  carbonif^rea  du  Renfrewshire, 
Ecosse,  717. — F.  Gonnard.  Sur  lea 'associations  min^rales  du  baaalte  de 
Prudellea,  prfes  de  Clermont-Ferrand,  719. — E.  Fremy.  Production  arti- 
ficieUe  du  rubis,  737. — A.  Gaudry.  Le  petit  Ursus  speUtus  de  Gargaa, 
740. — F.  Fouqu^.  Renaeignements  divers  recueillis  sur  le  tremblement 
de  terre  du  23  f^vrier  1887,  744. — F.  Denza.  Sur  le  tremblement  de  terre 
du  23  f(5vrier,  757. — S.  Meunier.  Premiers  r^sultats  d'une  exploration  de 
la  zone  ebraal^e  par  le  tremblement  de  terre  du  23  f^vrier,  759. — H.  de 
ParviUe.  Sur  une  correlation  entre  les  tremblements  de  terre  et  les  decli- 
naisons  de  la  Lune,  761. — J.  L.  Soret.  Le  tremblement  de  terre  du  23 
ftSvrier,  en  Suisse,  764. — Galli.  Le  tremblement  de  terre  du  23  f^vrier,  k 
Tobservatoire  de  Velletri,  765. — C.  Naudin.  Quelques  observations  et 
reflexions  au  sujet  du  tremblement  de  terre  du  23  f^vrier,  a  Antibes,  822. 
— B.  Ni^pce.     Documents  sur  lea  tremblements  de  terre  de  Nice,  830. — 

E.  Tamburini.  Le  tremblement  de  terre  du  23  f^vrier  a  la  Spezia,  831. — 
A.  de  Vaux.    I^e  tremblement  de  terre  du  23  fSvrier,  en  Ligurie,  832. — 

F.  A,  Forel.  Tremblement  de  terre  et  griaou,  833. — A.  Blavier.  Sur  la 
cause  possible  dea  tremblementa  de  terre  de  1755, 1884  et  1887,  835. — A. 
Lacroix.    Etude  pt^trographique  d*un  gabbro  ft  olivine  de  la  Loire-Inft- 

,  Meunier.    Exa;  * 


rieure,  870. — S.  ftfeunier.  Examen  min^ralogique  du  fer  m^t^orique  de 
Fort-Duncan,  Texaa,  872. — Extraits  de  divera  liapporta  du  Service  local 
du  G^nie  aur  lea  effets  du  tremblement  de  terre  du  23  f^vrier  1887, 884. — 
F.  Denza.  Le  tremblement  de  terre  du  23  f^vrier  1887,  observ«$  a 
Moncalieri,  887. — H.  Resal.  Sur  un  fait  qui  s'est  produit  pr6s  de  Nice 
lors  de  la  demi6re  secoiisse  de  tremblement  de  terre,  950. — G.  de  Saporta. 
Sur  quelques  types  de  Fougdrea  tertiairea  nouvellement  observe,  954. — 
A.  Lacroix.  J^ote  aur  une  roclie  k  wem^rite  granulitique  dea  environa  de 
Saint-Nazaire,  1011. — S.  Meunier.  Examen  de  quelques  galeta  du  na?el- 
fluhe  du  Rigi,  1013. — Oppermann.  Sur  lea  tremblements  de  terre,  1041. 
— L.  Soret.  Sur  le  tremblement  de  terre  du  23  fgyrier  1887, 1088.— S. 
Meimier.  Reproduction  artificiella  du  spinelle  rose  ou  rubia  Calais,  1111. 
—A.  Offret.  Sur  le  tremblement  de  terre  du  23  fSvrier  1887, 1150.— A. 
Gorgeu.  Production  artificielle  de  la  magnetite,  1174. — L.  Bourgeois. 
Nouveau  proc6d6  de  reproduction  de  la  crocoise,  1302. — F.  Gonnard.  Sur 
les  associations  min^rales  de  la  p^p^rite  du  puy  de  la  Poix,  1304. — L.  Lar- 
tet.  Sur  le  terrain  carbonifere  dea  Pyr^n^es  centrales,  1314. — L.  L©- 
comu.  Sur  le  terrain  silurien  du  Calvados,  1317. — E.  Jacquot.  Sur  la 
constitution  g^ologique  des  Pyr^n^ea;  le  aysteme  cambrien,  1318. — P. 
Thomas.  Sur  la  d^couverte  ae  nouveaux  giaements  de  phoaphate  de 
chaux  en  Tuniaie,  1321. — E.  Riviere.  De  quelquea  boia  foasilea  trouv^ 
dans  lea  terraina  ^uaternairea  du  baaain  parisien,  1382. — H.  Le  Chatelier. 
Sur  la  constitution  dea  argilea,  1517. — G.  Cotteau.  Sur  lea  genres 
eocenes  de  la  famille  dea  Brisaid^a  (Echinidea  irr^guliers),  1532. — C. 
RoUand.  Sur  le  regime  dea  eaux  art^siennea  de  I'Oued  Rir*  (Sahara 
alg6rien),  1534. — Munier-Chalmaa.  Observations  aur  les  actions  m^ta- 
morphiques  du  granite  et  des  filons  de  quartz  aux  environs  de  Morlaiz, 
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Paris.  Annales  des  Mines.  S^e  8.  Tome  ix.  2*  et  3*  liyraiaonB 
de  1886.  1886. 
B.  de  Chancourtois,  C.  Lallemand,  et  G.  Cliesiieaa.  De  I'^tade  des 
mouTements  de  T^corce  terrestre  pounuivie  particuli^rement  au  point  de 
Tue  de  leurs  rapports  avec  les  d^^g^ments  de  produita  gazenx,  207. — 
J.  de  Moi'gan.  Note  sur  la  g^ologie  et  sur  rindustrie  minidre  da  rojanme 
de  P^rak  et  des  pays  yoisins  (presqu'ile  de  Malacca),  368. — E.  Jacqaot. 
Note  sur  la  carte  g^ologique  detaill^  de  la  France,  577. 

Tomex.    4*  et  6»  livraisons  de  1886.    1886. 


L.  Bochet.  £tude  sur  la  bassin  houiller  de  Waldenbuig  f  Basse-Sil^e), 
221.— M.  Pell6.  Etude  sur  les  salines  de  Roumanie,  280.— De  GroesouTre. 
Etude  sur  les  gisements  de  mineral  de  fer  du  centre  de  la  France,  311. 

.     Annales    des    Sciences    G^logiqnes.      Tome  xv.      1884. 

Purchased. 
Croisiers  de  Lacvivier.      Etudes  g^ologiques  sur  la  d^partement  de 
TAri^  et  en  particulier  sur  le  terrain  cr^tac^,  No.  1. 

.     .     Tomexyi.    1885.    Purchased. 

G.  Vasseur.  Sur  le  terrain  tertiaire  de  Saint-Palais,  pr^  Rotsd, 
Charente-Infi^rieure,  No.  1. — G.  Cotteau.  Echinides  du  terrain  ^oc^ne 
de  Saint-Palais,  No.  2. — P.  Fontannes.  Note  sur  quelques  nsements 
nouveaux  des  terrains  miocdnes  du  Portugal  et  description  d*un  Fortunien 
du  genre  Achelom^  No.  3. — H.  Filhol.  De  la  restauration  du  squelette 
d*un  Dinocerata,  No.  4. — L.  Dieulafait.  Etude  sur  les  roches  ophitiques 
des  Pyr^n^es,  No.  6. — J.  DoUo.  Les  d^couvertes  de  Bemissart,  No.  6. — P. 
Gourret.  Constitution  g^ologique  du  Larzac  et  des  Gausses  m6ridionaaz 
du  Languedoc;  No.  7. 

.     .    Tome  xvii.     1885.     Purchased. 

C.  Dep^ret.  Description  g^ologique  du  bassin  tertiaire  du  Roussinon 
et  description  des  vert^br^  fossiles  du  terrain  pliocene  du  Roussillon, 
No.  1. — H.  Filhol.  Observations  sur  le  m^moire  de  M.  Cope  institul^ : 
Relations  des  horizons  renfermant  des  d^ris  d'animaux  vertebras  fosriles 
en  Europe  et  en  Am^rique,  No.  2. — B.  Renault.  Recherches  sur  les  v^- 
taux  fossiles  du  genre  Asiromyelonj  No.  3. — O.  C.  Marsh.  Monographie 
des  Dinocerata,  mammif^res  gigantosques  appartenant  k  un  ordre  £spara, 
No.  4. 


Tome  xviii.     1885.     Purchased. 


E.  Fallot  Etude  g^logique  sur  les  stages  moyens  et  sup^rieurs  du 
terrain  cr^tac^  dans  le  sud-est  de  la  France,  No.  1. — L.  Roule.  Recher- 
ches sur  le  terrain  fiuvio-lacustre  inf(6rieur  de  Provence,  No.  2. 

.     Annales  des  Sciences  Natnrelles.    Zoologie  et  Paleontologie. 

8&rie6.     Tome  xx.     Nos.  3-6.     1886.     Purt^uxsed. 

Bene  7.     Tome  i.      Nos.  1-6.     1886  4 


1887.     Purchased. 

— .     Annales  Hydrographiqnes.     Serie  2.     Sem.  1  et  2  (1886J. 
1887.     Presented  by  the  DepSt  de  la  Marine. 

— .     .     .     S^m.  1  (1887).     1887.     Presented  hy  ^ 

Depdt  de  la  Marine. 
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Paris.  Association  Frangaise  pour  rAvanoement  des  Sciences. 
Compfce  Rendu  de  la  Session  13,  Blois,  1884.  Parties  1  <&  2 
1885.     Parchaaed. 

PaHie  1. 
E.  Cosson.  Sur  le  projet  de  cr^tion  en  Aig^rie  et  en  Tunisie  d'une 
Mer  dite  intdrieure,  57. — Rouire.  La  Mer  int^rieure  Africaine,  76.-^ 
G.  de  Saporta.  Note  sur  les  Echinides  des  couches  coralliennes  infiS-> 
rieures  d'Auxey,  06te-d*0r,  179. — E.  Fuchs.  Les  richessee  min^rales  du 
Tonkin,  181.— Bleicher.  Terrain  tertiaire  d' Alsace,  183. — G.  de  Saporta. 
Sur  deux  espies  jurassiques  du  genre  Orthojms,  Cotteau,  183, 

Partie  2. 
L.  Qu^nault.  MouTements  lentn  du  Sol  et  de  la  Mer,  215. — F.  Lefort. 
Kecberches  sur  Tage  relatif  des  diff^rents  syst^mes  de  failles  du  Morran, 
226. — G.  Cotteau.  Sur  les  Echinides  des  calcaires  de  Stramberg,  238. — 
V.  Gauthier.  Recherches  sur  le  genre  Micratter  en  Alg^rie,  243. — P.  de 
LorioL  Sur  le  genre  MiUerierinuSj  247. — G.  de  Saporta.  Sur  un  nouveau 
gisement  de  plantes  fossiles  coralliennes,  253. — Douvilld  et  Le  Mesle. 
Carte  g^ologique  des  environs  de  Blois,  255. — V.  Gauthier.  Sur  mielques 
Echinides  monstrueux,  appartenant  au  genre  HeTmaster,  258. — C.  Barrois. 
Eponges  hexactinellides  du  terrain  d^vonien  du  Nord  de  la  France,  261. — 
C.  Barrois.  Couches  ^  Nercites  du  Bourg-d'Oueil,  Haute-Garonne,  262. 
— C.  Barrois.  Roches  m6tamorphiques  du  Morbihan,  263. — Bleicher. 
Le  lias  de  Lorraine  au  point  de  vue  pal^ontologique,  265. — G.  RoUand. 
Terrains  de  transport  et  terrains  lacuatres  du  Basein  du  Chott  Melrir, 
267. 

. .     Compte  Rendu  de  la  Session  14,  Grenoble,  1886. 

Parties  1  &  2.     1886.     Purchased. 

PaHie  1. 
G.  Cotteau.  Le  Pal^ontoloprie  en  1885,  44. — A.  Pomel.  Sur  le  station 
prdhistorique  de  Terniiine,  pr^s  Mascara,  128*. — C.  Malaise.  £)tat  actuel 
des  connaissances  relatives  au  cambrien  et  silurien  de  la  Belgique,  129. — 
L.  Collot.  Constitution  du  cr^tac^  dans  les  Bouches-du-Rhone,  129. — 
J.  M.  Beroud.  Sur  la  gi-otte  des  Balmes,  pr^  Villereversure,  Ain,  132. — 
E.  Fuchs.  Sur  les  graviers  aurif^res  de  la  Sierra  Nevada  en  Califomie, 
133. 

Partie  2. 
L.  Collot.  Diversity  correlative  des  sediments  et  de  la  faune  da 
miocdne  marin  des  Bouches-du-Rh6ne,  339. — Peron.  Note  sur  les 
stages  de  la  craie  aux  environs  de  Troyes,  346. — V.  Gauthier.  Description 
de  trois  Echinides  nouveaux  recueillis  dans  la  craie  de  TAube  et  de 
l^^'onne,  356. — G.  CotteatL  Considerations  g^n^rales  sur  les  ^hinides 
du  terrain  jurassique  de  la  France,  362. — F.  de  LorioL  Coup  d^oeil 
d^ensemble  sur  les  crinoi'des  recueillis  dans  les  couches  jurassiques  de  la 
France,  364. — F.  Lefort.  Recherches  sur  Tage  relatif  des  diff^rents 
systdmes  de  failles  du  Nivemais,  372. — L.  Qu^nault.  Sur  les  oscillations 
lentes  du  sol  et  de  la  mer,  392. — E.  Riviere.  Le  gisement  quatemaire 
du  Perreux,  Seine^  401. — E.  Riviere.  La  faune  des  invert^br^  des 
ffrottes  de  Menton,  407. — ^E.  Fuchs.  Note  sur  les  gisements  de  cuivre 
du  Boles,  410. — D'Ault-Dumesnil.  Nouvelles  fouiUes  faites  ^  Thenay  en 
Septembre  1884,  463.— F.  Baleau.  Note  sur  les  silex  de  Thenay,  467.— 
J.  M.  Beroud.  La  grotte  des  Balmes,  pr^  de  Villereversure,  en  Rever- 
mont,  Ain,  471. — Sirodot.  L^&ge  du  gisement  du  Mont-Dol,  Ille-et- 
Vilaine,  478. — A.  Arcelin.  Sur  les  silex  soi-disant  taill^  de  T^poque 
tertiaire,  503. — A.  Pomel.  Station  pr^historique  de  Temifine,  Masciua, 
604.— E.  Rividre.    Le  Trou  au  Loup,  553. 
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Paris.    Journal  de  Conchyliologie.    Serie  3.    Tome  xktI.    Nos.  1-4. 
1886.     Purchased. 
M.  Cossman.    Deflcription  d*espSces  du  t«iTain  tertiaire  den  enTirons  de 
Parift,  86,  224. — C.  Meyer-Ejman.    Descriptioii  de  coquilles  foesiles  dee 
terrains  tertiaiies  sup^rieurs,  235,  302. 

.    .    .    Tome  xxvii.    Nos.  1  A  2.    1887.    Purchased. 

.     Museum  d^Histoire  Naturelle.     Nouvelles  Archives.     Ser.  2. 

Tome  viii.     Fasc.  1  &  2.     1885-86. 

. .     .     .    Tome  ix.     Fasc-  1.     1886. 


.     Bevae  Scientifique.    Tome  xxxvii.     No.  26.     1886. 

A.  de  Lapparent     ^attraction  des  glaces  sur  les  masties  d*eau  voisines, 
801. 


Tome  xxxviii.     Nos.  1-24  &  26.     1886. 


De  Montessus.  La  constitution  interne  du  grlobe  et  les  yolcans,  369.-> 
6.  Cotteau.  Association  Fran^aise  pour  TAvancement  des  Sciences. 
Session  de  Nancy  (18^6),  Section  de  G^olope,  434.— Sir  W.  Dawson, 
La  geologic  de  TAtlantique,  449,  488. — H.  Labonne.  Les  tourbieies  do 
rislande,  d09. 

.     .     Tome  xxxix.     Nos.  1-25.     1S87. 


A.  de  Lapparent.  L^excursion  de  la  Soci^t^  G^ologique  en  Bretagne, 
38. — £.  Jourdy.  Les  dislocations  du  globe  pendant  les  p^riodes  r^centes, 
leurs  r^aux  de  fractures  et  la  conformation  dea  continents,  129,  335.— 
A.  de  Lapparent.  Les  dislocations  du  globe,  332. — G.  Darembei^.  Le 
tremblement  de  terre  du  23  f^vrier  k  Menton,  338. — C.  Y^lain.  Les 
tremble ments  de  terre,  leurs  off ets  et  leurs  causes,  3o4, 395. — H.  d'Estiej. 
Les  mines  d'or  de  Sumatra,  433. 

.     Soci^fce   Fran^ise  de  Mineralogie.     Bulletin.      Tomeix. 

Nos.  4-8.  1886.  Purchased. 
C.  Baret  Min^raux  des  environs  de  Saint-Nazaire  (Loire-Inf<$rieure), 
129. — A.  Lacroix.  Sur  Talbite  des  pegmatites  de  Norw^ge,  131. — A.  Des 
Cloizeaux.  Note  Rur  quelques  formes  nouvelles  observ^es  sur  des  cristsox 
de  topaze  de  Durango,  Mexique,  135. — A.  Des  Cloizeaux.  Note  sur  la 
forme  rhombique  de  la  Descioizite,  138,  100. — A.  Des  Cloizeaux.  Note 
sur  la  veritable  valeur  de  Tindice  moyen  de  la  Herd^rite  de  Stoneham, 
141. — K.  de  Kroustchoff.  Note  sur  un  nouveau  mineral  accessoire  de  la 
roche  de  Beucha  (pres  de  Leipzig),  143. — K.  de  Kroustchoff.  Supplement 
k  la  note  sur  la  Pmdotite  de  "  Goose  Bay,"  147. — A.  Lacroix.  Compte 
rendu  de  publicationfl  ^trang^res,  148,  186. — A.  Damour.  Note  sur  un 
b^ryl  provenant  de  Madagascar,  163. — A.  Des  Cloizeaux.  Note  sur  la 
pb^nacite  de  Colorado  et  de  Framont,  17L — A.  Des  Cloizeaux.  Note  snr 
la  determination  des  param^tres  du  gypse  et  sur  les  incidences  des  formes 
obsery^es  dans  ce  mineral,  177. — A.  Des  Cloizeaux  Sur  un  mineral  qui 
parait  ofirir  une  forme  dimorphe  du  rutile,  184. — £.  Jannettaz.  Note 
sur  un  cbrysocolle  de  la  Califomie,  211. — L.  Michel.  Sur  la  decoloration 
partielle  du  Zircon  (Hyacinthe)  par  la  lumidre,  215. — H.  Dutremblay  da 
May.  Decoloration  momentanee  obseryee  sur  des  agates  soumises  a 
Tinfluence  des  rayons  solairea,  216. — L.  J.  Igelstroem.  Pyrrhoarsenite, 
no uveau  mineral  de  Sj  cegrufvan,  21 8. — G.  Ces^.  Note  sur  un  assemblage 
de  cristaux  de  cassiterite,  220. — G.  Ces^o.  Extension  de  robservation 
de  M.  Mallard  sur  la  macle  de  Carlsbad,  222. — G.  Cesaro.  Note  sur  une 
nouyelle  face  de  la  calamine,  242. — ^F.  Gonnard.    Snr  les  minerals  auri- 
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i^res  des  environs  de  Pont^ibaud,  243. — L.  Bourgeois.  Sur  des  titanates 
de  baryte  et  de  strontiane  cristallis^Sf  :244. — K.  de  Kroustchoff.  Notes 
nour  servir  k  I'^tude  lithologique  de  la  Volliynie,  260. — K.  de  Kroustchoff. 
Notice  sur  une  hyp^rite  de  Seeland,  268.— O.  Wyrouboff.  Sur  la  forme 
cristalline  du  chlorure  de  baryiuu,  2(52. — G.  Wyrouboff.  Quelques  mots 
a  propos  d'un  momoire  de  M*  Schmidt  sur  la  scol^zite,  266. — G.  Cesaro. 
Note  sur  une  propria t^  g6om6trique  du  rhomboedre  de  clivage  de  la 
calcite,  281. — louqu^.  Sur  un  mineral  artificiel  provenant  d'une  scorie 
de  forge,  287. — Fouqu6.  Sur  un  gisement  de  gneiss  a  cordi^rite,  293. — 
N.  Chatrian.  Sur  le  gisement  de  diamants  de  Salobro,  Br^sil,  302. — A. 
Lacroix.  Compte  rendu  des  publications  ^trang^res,  306. — E.  Jannettaz. 
Note  sur  les  rubis  artificiels,  321. 

Paris.  Societe  FraD9ai8e  de  Min^ralogie.  Bulletin.  Tome  x. 
No8.  1-3.  1887.  Purchased. 
M.  L6vy  et  Lacroix.  Sur  le  granite  a  amphibole  de  Vaugneray,  27. — 
K.  de  Kroustchoff.  Nouvelles  synthases  du  quartz  et  de  la  tridymite,  31. — 
A.  Gorgeu.  Sur  la  production  artiticielle  de  la  Zincite  et  de  la  Willemite, 
36. — H.  Goguel.  Comptes  rendus  des  publications  fran9aises,  30. — A.  Des 
Cloizeaux.  Liste  des  travaux  de  M.  Wobsky,  43. — E.  Jannettaz.  Note  sur 
Turanite  de  Madagascar,  47. — Fouqu^.  Sur  les  nodules  de  la  gi-anulite  de 
Ghistorrai,  67. — A.  Michel-L^vy,  Note  sur  un  basalte  riche  en  z^olithes 
des  envirous  de  P^rier  (Puy-de-Dome),  6i>. — 0.  Baret.  Sur  la  presence 
du  b^ryl  et  de  Terubescite  dans  les  carrieres  de  Miseri,  pres  Nantes,  131. 
— L.  Michel.  Note  sur  la  reproduction  artiiicielle  de  la  pyromorphite,  de 
lamim^titeet  de  la  campylite,  183. — A.  Lacroix.  fitudes  critiques  de 
Min^ralogie,  142. — A.  Lacroix.  Note  sur  la  composition  p^trographique 
des  roches  de  Blekka  et  Dalame  (Norwege),  162. 

.    Societe  Geologique  de  France.    Bulletin.    Serie  3.   Tome  xiii. 

No.  8(1885).  1886. 
Compte  rendus  de  la  reunion  extraordinaire  dans  la  Jura  mt^ridional, 
du  23  Aofit  au  1  Septembre  1885,  051.  [With  communications  by 
MM.  Bertrand,  Parandier,  Albert  Girardot,  Abel  Girardot,  Bour- 
geat,  Hollande,  Benevier,  Guirand,  De  Grossouvre,  Collot,  G.  Bover, 
G.  Maillard,  Tardy,  Pillet,  De  Sarran,  De  Lapparent,  and  P.  Choffat.] 

.     .     .     .    Tomexiv.    Nos.  5-7  (1886).    1886. 

De  la  Moussaye.  Les  iles  flottantes  de  Clairmarais,  309. — Cornuel. 
Liste  des  fossiles  du  Cr^tac^  inf^rieur  de  la  Haute  Mame,  312. — M.  Coss- 
mann  et  H.  Arnaud.  Un  Crucibulum  campanien,  323. — R.  Zeiller.  Note 
sur  des  empreintes  houillftres  des  Pyr6n6es-Orientales,  328. — Chaper.  Sur 
une  pegmatite  diamantif6re  de  Tlndoustan,  331. — J.  De  Cossigny.  Note 
sur  le  Jurassique  moyen  et  sa  division  en  iJtages,  845. — B.  Rames.  Sur 
Tage  des  arg^les  du  Cantal  et  sur  les  debris  fossiles  qu'elles  ont  fournis, 
357. — F.  Sacco.  Sur  quelques  restes  fossiles  de  poissons  du  Pliocene 
du  Piemont,  360. — A.  ae  Lapparent  Le  niveau  de  la  mer,  368. — H. 
Douvill^.  Essai  sur  la  morphologie  des  Rudistes,  389. — S.  Calderon.  Note 
sur  le  Wealdien  du  Nord  de  I'Espagne,  405. — G.  Ue  Saporta.  Nouveaux 
documents  relatifs  a  des  fossiles  v^g^taux  et  k  des  traces  d'invert^br^s 
as80ci6s  dans  les  anciens  terrains,  407. — A.  Gaudry.  Sur  un  nouveau 
genre  de  reptile  du  Penuien  d'Autun,  430. — M.  Cossman.  Sur  les  grandes 
ovules  de  TEocene,  433. — L'Abb^  Bourgeat.  Observations  faites  aux 
environs  d'Arinthod  et  de  St.  Julien,  Jura,  437. — A.  Gaudry.  Sur  des 
restaurations  de  reptiles,  444. — E.  Jourdv.  Note  compl^mentaire  sur  la 
G6ologie  de  Test  du  Tonkin,  446. — R.  Zeiller.  Note  sur  les  empreintes 
V^g^tales  recueillies  par  M.  Jourdy  au  Tonkin,  454.— II.  Douvill^. 
Etude  sur  les  grSs  de  la  foret  de  Fontainebleau,  471. — L.  Flot.    Descrip« 
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tioD  de  Halitkerium  fo99iUy  Gervais,  483. — A.  Toucas.  Note  ftur  le« 
terrains  cr^tac^  de  la  Valdaren  aux  environa  du  fieauraet,  519. — A. 
de  Lapparent.  Note  sur  Fattraction  exerc^e  par  les  glacea  aur  lea  maafvs 
d'eau  Toisines,  624. — D.  (Ehlert.  Faillea  et  tilona  dea  environs  de  Mont- 
aurs,  526. — Mieg.  Note  compl^mentaire  sur  les  couches  a  Pogidonom^a 
Bronni,  de  Minversheim  (liasse-Alsace),  550. — L'Abb^  Bourgeat.  Pre- 
miere contribution  a  l^tudo  de  la  faune  de  TOolithe  virgulienne  du  Jam 
meridional,  560. — S.  Meunier.  Sur  quelques  empreintes  probli^matiques 
des  couches  boloniennes  du  Pas-de-Calais,  564. — C.  V^lain.  Note  sur 
Texistence  d*une  rang^  de  blocs  erratiques  sur  la  cote  normande,  569. — 
R.  Zeiller.  Note  sur  les  empreintes  v^g^tales  recueillies  par  M.  Sarran 
dans  les  couches  de  combustiole  du  Tonkin,  575. — Viguier.  Note  aur  1a 
position  du  Poudingue  de  Palassou,  dans  TAude,  5b2. — De  Kouville. 
Note  sur  le  Poudingue  de  Palassou,  580. — £.  Hubert.  Kemaraues  aur  la 
faune  des  couches  cr^cac^es  de  Villagrains,  586. — P.  W.  Stuartr-Menteath. 
Note  pr^liminaire  sur  les  gisemeuts  m^tuliif^res  des  Pyr^u^es  occidentalec^ 
587. — A.  Pomel.  Note  sur  deux  ^hinides  du  terrain  6oc6ne,  608. — De 
Lacvivier.    Note  sur  le  terrain  primaire  du  department  de  TAriege,  613. 

Paris.  Societe  Geologique  de  France.  Bulletin.  Serie  3.  Tome  xr. 
(1887).  N08.I-3.  1887. 
L.  de  Launay.  Note  sur  deux  gisements  de  cordi^rite,  sillimanite  et 
ffrenat  dans  la  r^on  de  Commentiy,  12. — Moutet.  Note  sur  TexisteDce 
d*une  formation  wealdienne  dans  le  departement  du  V^ar,  au  quartier  da 
Kevest,  pres  Toulon,  13. — H.  Armand.  Position  stratigraphique  dea 
argilea  bariol<^es  de  Tercis,  Landes,  15. — Stanislas  Meunier.  Examen 
dune  substance  r^ineuse  recueillie  il  Luchon  le  28  juillet  1685  a  la  suite 
d*un  coup  de  foudre,  2.*i. — F.  Sacco.  Le  Fossanien,  nouvel  ^tage  du 
Pliocene  d'ltalie,  27. — Salvador  Calderon.  Kesium^  de  quelques  etudea 
de  phvMque  geologiq^ue,  36. — C.  Lory.  Sur  les  variations  du  Trias  dans 
les  Alpes  de  la  Savoie,  et  sp^cialement  dans  le  massif  de  la  Vanoise,  40. 
— F.  rontannes.  Sur  la  faune  des  Stages  Sannatique  et  Levantin  en 
Roumanie,  49. — F.  Delafond.  Note  sur  las  Tufs  de  Meximieux,  62.—  F. 
Delafond.  Note  sur  les  alluvions  snciennes  de  la  Bresse  et  des  Dombes, 
66. — A.  Tardy.  Nouvelles  observations  sur  la  Bresse,  82. — L.  Flot. 
Note  sur  le  Prohalicore  iJubaUni,  134. — P.  Thomas.  Notes  additionnelles 
sur  les  vert^r^s  fossiles  de  la  province  de  Constantine,  139. — A.  Toucaa. 
Observations  sur  la  craie  sup^rieure  de  Dieulefit,  149. — A.  Toucaa. 
Au  sujet  d'une  note  de  M.  de  Lacvivier  sur  T^tude  comparative  dea 
terrains  cr6tac6s  de  TAri^e  et  de  TAude,  153. — P.  Choffat  Note  pr^- 
minaire  8ur  des  fossiles  recueillis  par  M.  L.  Maheira  dans  la  province 
d* Angola,  155. — F.  Rutot  et  E.  Van  den  Broeck.  Documents  nouveauz 
sur  la  base  du  terrain  tertiaire  en  Belgique,  et  sur  Tage  du  Tuf  eau  de  Ciply, 
157. — ^Boui^reat.  Considerations  sommaires  sur  la  position  des  rognona 
siliceux  du  Jurassique  sup^rieur  dans  le  Jura  meridional  et  sur  les  cona^ 
auences  qui  en  d^coulent,  162. — G.  DoUf us.  Quelques  nouveaux  gisements 
de  ten-ain  tertiaire  dans  le  Jura  pr^  de  Pontarlier,  179. — R.  Nicil^  Sur 
la  presence  de  Amm,  polyschides  et  Amm.  Sattzei  dans  TOolithe  inferieuie 
des  environs  de  Nancy,  194. — Pouech.  R^ponse  aux  observations  de  M. 
Viguieur  et  de  M.  de  Rouville  a  propos  des  poudingues  de  Palassou,  199. 
— A.  de  Lapparent.  Conference  sur  le  sens  des  mouvements  de  I'dcoree 
terrestre,  215. 

Penzance.     Royal  Geological  Society  of   Cornwall.     Transactions. 
Vol.  xi.    Paitl.     1887. 
W.  W.  Smyth.    The  Anniversary  Address  of  the  President,  11. — R. 
W.  Bell.    The  Pliocene  Beds  of  St.  Erth,  45.--R.  N.  Worth.    On  an 
unmapped  exposure  of  Serpentinous  Rock  in  Whitsand  Bay^  51. 
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Philadelphia.  Academy  of  I^atoral  Sciences.  Proceedings,  1886. 
Parts  1-3.  1886-87. 
C.  McCormick.  The  inclusions  in  the  Granite  of  Craftsbury,  Vt,  19. 
—J.  Leidy.  An  Extinct  Boar  from  Florida,  87. — C.  Rominffer.  On  the 
Minute  Structure  of  Stromatopora  and  its  allies,  89. — A.  Heuprin.  Notes 
on  the  Tertiary  Geology  and  Palieontolop:>'  of  the  Southern  United  States, 
67. — C.  Wachsmuth  and  F.  Springer.  Revision  of  the  Palceocrinoidea, 
Part  III.  Section  2,  64.— F.  L.  Harvey.  On  Anthracontarius  triiobitus, 
Scud.,  231.— A.  H.  Smith.  The  Railway-Cutting  at  Grant's  Ferry 
Road,  253. — J.  Leidy.  Toxodon  and  other  remains  from  Nicaragua,  0.  A., 
276.— A.  E.  Foote.  The  Opal-Wines  of  Queretaro,  Mexico,  278.— G.  A, 
Koenig.  Mineraloffical  Notes,  281. — L.  Woolman.  Oriskany  Sandstone 
in  Lycominff  Co.,  Pa.,  296. — G.  A.  Koenig.  Manganese- Zinc  Serpentine 
from  Franklin,  N.  J.,  350. — A.  Heilprin.  On  Miocene  Fossils  from 
Southern  New  Jersey,  361.— C.  S.  Dolley.  On  the  Helictites  of  Luiay 
Cave,  351.— G.  A.  Koenig.  On  Schorlomite  as  a  variety  of  Melanite,  366. 
— H.  F.  Oshom.  Observations  upon  the  Upper  Triassic  Mammals,  JDro' 
matherium  and  Microconodouj  359. — F.  A.  Uenth.  On  an  undescribed 
Meteoric  Iron  from  East  Tennessee,  366. 

.     American  Philosophical  Society.     Proceedings.    Yol.  xxiii. 

Nos.  123  &  124.  1886. 
J.  C.  Branner.  The  Glaciation  of  Parts  of  the  Wyoming  and  Lacka- 
wanna Valleys,  337. — E.  1).  Cope.  On  two  new  Species  of  Three-toed 
Horses  from  the  Upper  Miocene,  with  Notes  on  the  Fauna  of  the 
Ticholeptu9Aiedi%,  36L—A.  S.  Packard.  Discovery  of  the  Thoracic  Feet 
in  a  Carboniferous  Phyllocaridan,  380.— P.  Frazer.  Sketch  of  the 
Geology  of  York  County,  Pennsylvania,  391. 

Photographic  Society  of  Great  Britain.    Journal  and  Transactions. 
N.S.     Vol.  X.     No.  9.     1886. 

.    .    .    VoL  xi.    Nos.  1-8.     1886-87. 

Physical  Society  of  London.     Proceedings.     Vol.  viii.     Parts  1-4. 

1886-87. 

Pisa.  Societii  Toscana  di  Scienze  Natorali.  Atti.  Memorie.  Vol.viii. 
Fasc.  1.  1886. 
G.  Meneghini.  Ganiodtsctis  Ferrazzii,  Mgh.,  nuova  stelleride  teraiaria 
del  Vicentino,  1. — C.  de  Stefani.  Lias  inferiore  ad  Arieti  dell*  Apennino 
settentrionale,  9. — A.  de  Gregorio.  Intomo  a  un  deposito  di  Roditori  e 
di  Camivori  sulle  Tetta  di  Monte  PelleCTino  con  uno  schizzo  sincronogra- 
fjco  del  calcare  postpliocenico  della  Vallata  di  Palermo,  217. 

.     ,     .      Process!  Verbali.     Vol.  v.      Pp.  79-226. 

1886-87. 
L.  Busatti.  Sulla  trachite  della  Tolfa,  90.— B.  Lotti.  Brevi  consi- 
derazioni  sulle  trachiti  della  Tolfa,  99. — A.  D'Achiardi.  Rocce  ottre- 
litiche  delle  Alpi  Apuane,  110. — G.  Ristori.  Sui  depositi  quaternari  del 
Casentino,  114. — G.  Ristori.  Filliti  dei  travertini  Toscani,  114 — B. 
Lotti.  Metamorfisuio  di  sedimenti  cretacei,  140. — B.  Lotti.  Origine 
della  peridotite,  141. — D.  Pantanelli.  I  cosidetti  crhiacciai  apenninid, 
142. — G.  Menpffhini.  Sulla  fauna  del  Capo  di  S.  Vigilio  illustrata  dal 
Vacek,  16:3.— M.  Canavari.  Rilevamento  geologico  della  Sibilla,  162. — 
V.  Simonelli.  Echinodermi  fossili  di  Pianosa,  163.— C.  De  Stefani.  Gli 
schisti  cristallini  dell'  Anennino  SaTonese,  173. —  C.  De  Stefani.  II 
niano  pontico  sui  monti  aella  Tolfa,  176. — G.  Grattarola.  Cerussite  di 
Val  Fontana,  media  Valtellina,  177.— M.  Canavari.    Di  alcuui  tipi  di 
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foramiDifere  appartenenti  alia  fanufflia  delle  Nummulinidse  raccolti  Eel 
Trias  delle  Alpi  Apiume,  184. — M.  CaoaTari.  Fo^sili  titoniani  nel  Monte 
Pisano,  187.— G.  Gioli.  Foeeili  della  Oolite  di  San  Vigilici,  195.— D. 
Faotanelli.  La  Meiania  curvirostra,  Deeh.,  dell'  Abiseinia,  204.  — C.  De 
Stefani.  I  depositi  glaciali  nell*  Apennino  di  Reffgio  e  di  Modena,  206.— 
G.  Kistori.  I  distorni  d'  Orciatico  in  pro^incia  di  Visa,  21 2. — G.  Kistoii. 
FiUiti  nei  Trarertini  delle  Sugherelle  preseo  Kio  (Isola  D'£lba),  217. 

Plymouth.    Devonshire  Association  for  the  Advancement  of  Science, 
•Literature,  and  Art.      Report  and  Transactions.    Yol.  zriii. 
1886. 
W.  Pengelly.    Happaway  Cavern,  Torquay,  161. — A.  Somervail.    The 

Physiography'of  Torquay :  the  geological  structure  and  origin  of  its  Hills 

ana  Valleys,   171. —  W.  Downes.     Geolomcal  Notes  on   the  Honiton 

District,  1*81. — W.  Pengelly.     Notes  on  Notices  of  the  Geology  and 

Palaeontology  of  Devonshire,  488. 

.    .     .      Extra  Volume.      The  Devonshire  Domes- 
day.    Part  3.     1886.     8vo. 

Plymouth  Institution  and  Devon  and  Cornwall  Natural  Histoiy 
Society.     Annual  Report  and  Transactions.    Vol.  ix.     Part  2 
(1885-86).     1886. 
R.  N.  Worth.    The  Rocks  of  Plymouth,  218. 

Quekett  Microscopical  Club.     Journal.     Ser.  2.     Vol.  ii.     No.  16. 
1886. 
£.  Grove  and  G.  Sturt.    On  a  Fossil  Marine  Diatomaceous  Deposit 
from  Gamaree,  New  Zealand,  821. 

.    . .     Vol.  iii.     Nos.  17  &  18.     1887. 

£.  Grove  and  G.  Sturt     On  a  Fossil  Marine  Diatomaceous  Deposit 
from  Oamaree,  7,  63. 

Record  of  Zoological  Literature.      (Zoological  Record.)      Edited 

by  A.  C.  L.  G.  Giinther,  A.  Newton,  E.  C.  Rye,  and  F.  J. 

Bell.     1864-1885.    Vols,  i.-xxii.    8vo.    London,  1865-1886. 

Purchased. 
Rio  de  Janeiro.     Museum  Nacional.     Archivos.     Vol.  1.  (1876). 

1876. 

.    .     .    VoLii.  (1877).     1877. 

O.  A.  Derby.    Contribui^oes  para  a  Geologia  de  Regiao  do  Baixo 

Amazonas,  77. 

Vol.  iii.  (1878).     1878. 


H.  Gorceix.  Estudos  geologicos  e  mineralo&icos  sobre  algumas  locali- 
dades  da  Provincia  de  Minas  Geraes,  0. — ^L.  Dupr^,  Jun.  Estudo  geo- 
logico  e  mineralogico  da  regiao  E.  de  Ouro-Preto,  comprehendida  entre 
aquella  cidade,  a  provoa9ao  do  Taquaral  e  o  no  do  Carmo,  11. — L.  A. 
Con-ea  da  Casta.  Estudo  geologico  de  regiao  de  S.  Bartholomeu  e 
da  mina  de  Ouro  da  Tnpdra  perto  de  Ouro-Preto,  17. — O.  A.  Derby.  A 
geologia  da  Regiao  Diamantifera  da  Provincia  do  Parana,  89.-^0.  A. 
Derby.  A  Bacia  Cretacea  da  bahia  de  Todos  os  Santos,  13o.— R. 
Rath  bun.  ObserTa9oes  sobre  a  geologia  aspecto  da  llha  de  Itaparica,  na 
bahia  de  Todos  os  Santos,  150. 

.     .    .     Vol.  iv.  (1879).     1881. 

O.  A.  Derby.  Contribui^ao  para  0  estudo  da  geolopa  do  Valle  do  Rio 
S.  Francisco,  87. — O.  A.  Derby.  Observa^oes  sobre  algumas  rochas  Dia- 
mantiferas  da  Provincia  de  Mmas  Geraes,  121. 
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Kio  de  Janeiro.     Museum  Nacional.     Arcbivos.     Vol.  y.  (1880). 

1881. 


.     Vol.  vi.  (1885).     1885. 


Rochester  Naturalist.     No.  12.     188G.     8vo.     PresenUd  by    W. 
Whitaker,  Esq.,  F.Q.S. 
C.  Bird.    The  Chalk,  204. 

Home.  Eeale  Accademia  del  Lincei.  Atti.  Serie  3.  Memorie. 
Vol.  xviii.  1884. 
C.  De  Stefani.  Eecursione  scientifica  nella  Calabria  (1877-78),  Jejo, 
Montalto  e  Capo  VaticaDO,  3. — G.  CapeUiui.  II  Chelonio  Veronese 
(Protospharais  vertneiisis,  Cap.)  scoperto  nel  1852  nel  Cretaceo  supeiiore 
presfo  bant  Anna  di  Ali'aedo  in  Yalpolicella,  2^01. 

.     .     .     .     .     Vol.  xix.     1885. 

F.  Sansoni.  Sulle  forme  cristalline  della  calcite  di  Andreasberg 
(Hartz),  450. 

.     .     .      Sorie  4.      Memorie.     Vol.   i.  (1884-85). 

1885. 

G.  Striiver.  Contribuzione  alia  mineralogia  dei  vulcani  Sabatini, 
Parte  I.,  3. — G.  Capellini.  Del  Zitioide  fossile  {Choneztphw planirostruf) 
pcoperto  nelle  eabbie  plioceniche  di  Fangonero  presso  Siena,  18.—  C.  De 
Stelani.  Studi  paleozoologici  sulla  creta  tiuperiore  e  media  deir  Apennino 
settentrionale,  73.— G.  Ponzi.    Conglomerate  del  Tavolato,  349. 

.     .     .     .     .     Vol.  ii.     1885. 

A.  C08SH.  Sulla  vita  ed  i  lavori  scientitici  di  Quintino  Sella,  6. — Lavori 
di  Quintino  Sella,  45,  225. 

.     . ,     .     Ecndiconti.     Vol,  ii.     Semestxe  1. 

Fasc.  12-14.     1886. 

F.  Keller.  Sulle  rocce  magnetiche  di  Bocca  di  Papa,  428. — G.  Striiver. 
Forsterite  di  Baccano,  4^9. — E.  Mattirolo.  Intomo  ad  alcune  roccie 
della  valle  del  Penna  nell'  Ajjennino  ligure,  502,  ('43. — D.  Lovisato. 
Sopra  il  granite  a  sferoidi  di  Ghistorrai  preeso  Fonni  in  Sardagna,  507. — 
E.  Stassano.     La  foce  del  Congo,  510. 

. . . .     Eendicouti.     Vol.  ii.     Semestre  2. 

Fasc.  1-5,  7-12.     1886. 
A.  Piccini.    Su  di  un  mineralo  che  accompagna  la  columbite  di  Cra- 
veggia  in  Val  Vigezzo,  46. 

. .     .     .     Eendiconti.     Vol.  iii.     Fasc.  1-9. 

1887. 

G.  Seguenza.  Gli  strati  con  JRhynckonella  Berchta,  Oppel,  presso  Taor- 
mina,  10.— F.  Giacomelli.  Sul  terremoto  del  29  agosto,  IBtfO,  20.— G. 
Seguenza.  I  calcari  con  Stephanoceras  (Spharocertu)  Brongniariii,  Sow., 
presso  Taormina,  186. 

.      Societi  Geologica  Italiana.     Bollettino.     Vol.  i,  (1882). 

l«82-83. 
Estratto  della  conferenza  sulle  serpentine,  14. — ^T.  Sterry  Hunt.  Rias- 
sunto  della  conferenza,  82. — G.  B.  Chancourtois.  SuUe  seipentine,  39. 
— L.  Nicutra.  Diatomeffi  in  schistis  quibusdam  messanensibus  detectse, 
45. — ^F.  Molon.  I  colli  berici  del  Vincentino,  47. — T.  Taramelli.  Osser- 
vazioni  geologiche  nel  raccogliere  alcune  campioni  di  Serpentini,  80. — 
D.  Pantanelli.  Fauna  miocenica  a  radiolarie  dell'  Apennino  setten- 
trionale,  142. — G.  Mazzctti.    Relazione  interne  al  modo  di  formazione 
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delle  ai^g^Ue  scagliose  di  Mooteae,  166. — A.  De  Zigno.  Resti  di  Sanriam 
nel  Lombardo-Veneto,  161.— E.  Nicolis.  Note  di  geologia  Veroneae,  162. 
— C.  De  Stefani.  Oaservazioni  aulla  carta  geologica  d'  Italia  pubbHcata 
in  occasione  del  Congresso  di  Bologna,  1()5. — T.  Taramelli.  OsservazioDi 
fatte  nei  nionti  circostanti  al  paaso  del  Sempione,  183.— T.  TaramellL 
Osservazioni  fatte  nell*  Apennino  di  Piaceuza,  189. — A.  Verri.  Trasfor- 
mazioni  idroCTafiche  nel  territorio  di  Rieti  e  Terni,  101. — I.  Cafici.  Con- 
tribuzione  alia  fauna  cretacea  Italiana,  106. — K.  Artiiro.  La  provincia 
di  Trevi(*o,  203.— A.  Issel.  Antiche  linee  litorali  della  Liguiia,  222. — 
C.  Segr^.  Appunto  geognostico  sulle  rocce  calcareo-magneaiache,  ebe 
costegpano  il  v  elino  viciuo  al  paese  di  Antrodoco,  233. — 0.  F.  Parona. 
Sopra  1  lembi  pliocenici  situati  tra  il  bacino  del  lago  d'Orta  e  la  val  Seaia, 
e  8ull'  altopiano  di  Boca  e  di  Maggiora,  239. 

Rome.  Society  Geologica  Italians.  BoUettino.  Vol.  ii.  (1883). 
188a-84. 
G.  A.  Tuccimei.  Sulla  struttura  e  i  terreni  che  formano  la  catena  di 
Fara  in  Sabina,  16. — A.  Verri.  Due  parole  sui  tufi  leucitici  dei  Tulcani 
Tirreni,  40. — L.  Mazzuoli  e  A.  Issel.  Sulla  sovrapoaizione  nella  Riviera  di 
ponente  di  una  zona  otiolitica  eocenica  ad  una  formazione  oiiolitica  paleo- 
zoica,  44. — G.  Seguenza.  Gli  Oatracodi  dei  periodi  terziarii  e  quaternarii 
viventi  nel  mare  di  Mesaina,  57. — T.  Taramelli.  Dello  atudio  geognoatico 
del  auolo  agrario  in  rapporto  col  propoato  censimento  dei  terreni  produt- 
tivi  del  regno  d'  Italia,  ^<4. — G.  Uzielli.  Sulle  argille  aragliose,  \)5. — A. 
Verri.  Sui  bacini  del  Cliiaacio  e  del  Topino,  108. —C.  Segre.  Sulla 
coatituzione  geoli)gica  dell*  Apennino  Aoruzzeae,  121. — E.  Bonardi. 
Analiai  chimica  di  alcune  argille  glaciali  e  plioceniche  delf  Alta  Italia, 
126. — G.  Uzielli.  Sulle  ondulazioni  terreatri  in  relazione  con  Y  urograiia 
degli  Apennini  e  delle  Alpi,  138. — A.  Nevinni.  Di  un  orizzonte  a  Sep- 
tarie  nei  Bolognese,  1(>4.— T.  Taramelli.  Sulla  neceaaita  di  atudiare  le 
aponde  del  bacino  Adrio-padano,  167. — E.  Nicolia.  Sui  terziaiio  nelle 
Prealpi  retiche  ad  oriente  del  lago  di  Gaida,  171. — C.  Fomaaini.  Nota 
preliminare  aui  foraminiferi  della  mama  pliocenica  del  Ponticello  di  Savena 
nel  IBologneae,  176. — G.  Mazzctti.  Delia  atratificazione  delle  ai^lle  sca- 
glioae  di  Monteae  e  deir  analogia  cbe  paaaa  fra  alcuni  lembi  di  terreno  di 
Coata  de'  Graaai  nel  Reggiano  ed  alcuni  affioramenti  di  S.  Martino  e  di 
Ranoccbio  nel  Modenese,  li)0. — F.  Salmoiragbi.  Sulla  galleria  abbac- 
doiiata  di  Majolungo  in  Calabria  Citeriore,  193. — L.  Gatta.  Su  alcuni 
fenomeni  liaici  relativi  air  iaola  d'  l^cbia,  210. — A.  Negri.  Studi  aulle 
Alpi  Vicentine,  223. — M.  Canavari.  Relazione  del  eacursione  fatte  il  3  e 
4  aettembre,  1883,  alia  grotta  di  Fraaaaai  e  al  ponte  della  Roaaa  nei  din- 
tomi  di  Fabriano,  229. — V.  Simonelli.  II  monte  deUa  Vema  e  i  auoi 
foaaili,  235. — E.  Olivero.    Orogratia  dell'  Apennino,  284. 

. . .     Vol.  ui.  (1884).     1884. 

A.  Verri.  I^a  Greta  e  TEocene  nel  bacino  del  Tevere,  18. — C.  De  Ste- 
fani.  Sugli  atudi  dtll*  Ufficio  geologico  nelle  Alpi  Apuane  e  nell*  Apen- 
nino, 23. — A.  Alberti.  Dal  Garda  agli  Euganei.  Saggio  di  meccanica 
atratigrafjca,  41. — G.  Ponzi.  Di  un  grande  oaao  foasiile  rinvenuto  nei  con- 
tomi  di  Roma,  QQ. — R.  Meli.  Molluechi  terreatri  e  d'acqua  dolce  rin- 
Tenuti  nel  tuto  litoide  della  Valchetta  preaao  Roma,  71. — C.  Fumaaini. 
I  Foraminiferi  della  Tabella  Oryctographica,  86. — A.  Vem.  Di  alcune 
divergenze  col  dott.  Carlo  de  Stefani  aiula  geologia  dell*  Umbria  aupe- 
riore,  95. — A.  Verri.  Diviaione  tra  le  formazioni  Liaaiche,  Giureai  e  Crfr- 
tacee  nei  monti  dell*  Umbria,  109. — A.  Verri.  La  Talle  auperiore  dd 
Tevere,  114. — ^A.  Roaai.  Note  illustiative  alia  carta  geoloffica  della  mo- 
yinda  di  Treviao,  131. — A.  Neviani.  Note  geologiche  aul  baciiio  del  oa- 
moggia  nel  Bologneae,  161. 
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Rome.  Societi  Geologica  Italiana.  Bollettino.  Vol.  iv.  (1886). 
1886. 
E.  Nicolis  e  C.  F.  Parona.  Note  stratigrafiche  e  paleontolc  giche  sul 
Giura  superiore  della  l*rovincia  di  VeroDa,  1. — L.  Foresti.  Sul  Pecten 
hyOrix  Doderl.-Meli,  97.— C.  Fornasini.  Textularina  ed  altri  foramini- 
feri  fossili  nella  maxiia  miocenica  di  S.  Ruiillo  |)res80  Bolc^na,  102. — F. 
Salmoiraghi.  Le  piramidi  di  erosione  ed  i  terreni  glaciali  di  zone.  Con- 
tribuzione  alia  geologia  neozoica del  Lago  dlseo,  117. — F.  Bnasani.  Sull' 
et&  degli  elrati  a  pesci  di  Castellavazzo  nel  Bellunese,  143.— G.  Riva 
Palazzi.  La  Geologia  e  a\\  studi  geogratici,  149. — A.  Verri.  Appunti 
per  la  Geologia  dell*  Italia  centrale,  176.— C.  Fornasini.  Lagene  fossili 
nelP  argilla  giallastra  di  S.  Pietro  in  Lama  presso  Lecce,  188. — A.  Tom- 
masi.  rJote  paleontologiche,  199.— U.  Botti.  Puglia  e  Calabria,  schizzo 
geologico,  223.— D.  Pantanelli.  II  cretaceo  di  Montose,  232.— T.  Tara- 
melli.  Note  geologiche  sul  bacino  idrografico  del  flume  Ticino,  239. — 
T.  Tittoni.  La  regione  trachitica  dell'  Agro  Sabatino  e  Cerite,  337.— G. 
Seguenza.  Le  Spiriferina  dei  Tari  piani  del  Lias  Messinese,  377. — P.  E. 
De  Ferrari.  Relazione  della  escursione  fatte  aUa  miniera  di  lignite  di 
Castelnuovo  presso  S.  Giovanni,  Valdamo,  623. 

.     .    .    YoL  V.     Fasc.  1-3  (1886).     1886. 

A.  Del  Prato.  Rinoceronte  fossile  nel  Parmense,  20. — C.  Fornasini. 
II  Nautilus  leffumen  di  Linneo  e  la  VaginuUna  elegans  di  d'Orbigny,  26. 
— A.  Neviani.  Una  sezione  geologica  da  Bazzano  a  Tiola  lungo  la  live 
Binistra  del  Samoggia,  31. — G.  Terrenzi.  Sopra  un  lembo  di  lias  rosso 
ammonilico  rinvenuto  nella  montagna  di  Santacroce  presso  Nami,  39. — 
O.  Seguenza.  Del  retico  al  capo  di  Taormina,  42. — A.  Verri.  Sui  tufi 
dei  vulcani  Tirreni,  40. — A.  Verri.  Breccia  granitica  del  monte  Deruta, 
63. — L.  Ricciardi.  Sulla  composizione  chimica  delle  rocce  vuloaniche  di 
Aesab,  67. — A.  Neviani.  Sui  giacimend  dei  cetacei  fossili  nel  Monteleo- 
nese  con  indicazioni  di  altri  rinvenuti  nelle  Calabrie,  6L — ^F.  Sacco.  II 
piano  Messiniano  nel  Piemonte,  74. — G.  Ristori.  I  Crostacei  brachiuri  e 
anomuri  del  pliocene  italiano,  93. — C.  Foma«ini.  Foraminiferi  iliustrati 
da  Soldani  e  citati  dagli  autori,  131. — C.  Fornasini.  Di  alcune  Biloculine 
fossili  negli  strati  a  Pecten  hysti-ix  del  Bolognese,  2o6. — F.  Cavara.  Le 
cabbie  marnose  plioceniche  di  Mongardino  e  i  loro  fossili,  265. — E. 
Mariani.  Descrizione  dei  terreni  miocenici  fra  la  Scrivia  e  la  Staifora, 
277. — F.  Cardinali.  Sopra  un  masso  di  gneiss  rinvenuto  nelle  argille 
plioceniche  dei  dintomi  di  Appignano,  316. — G.  Terrenzi.  II  pliocene 
dei  dintomi  di  Nami,  321. — O.  fornasini.  Sulla  Glandulina  aqualis  di 
Reuss,  337. — F.  Castracane.  I  tripoli  marini  nelle  valle  Metaurense,  343. 
— C.  Fornasini.  Varieta  di  Lagena  fossile  negli  strati  a  Pecten  hyetrix 
del  Bolognese,  360. — G.  Uzielli.  Sopra  un  cranio  di  Coccodrillo  trovato 
nel  Mcdenese,  355. — F,  Sacco.  B  piano  Messiniano  nel  Piemonte,  363. 
— Trottarelli  e  A.  Verri.  Notizie  geologiche  ed  analisi  chemiche  di  rocce 
calcari  e  di  pozzolane  nel  tenitorio  del  bacino  del  Tevere,  395. — G.  Se- 
guenza. Gil  strati  a  Posidonomya  alpina^  Gras,  nelle  serie  giurassica  del 
Taorminese,  402. — H.  Pohlig.  Sul  pliocene  di  Moragha  (Persia)  e  sugli 
elefanti  fossili  della  Caucasia  e  della  Persia,  409. — H.  Pohlig.  Sopra 
una  monograiia  degli  elefanti  fossili  della  Germania  e  dell'  Itaha,  413. — 
A.  Verri.  Azione  delle  forze  nell*  assetto  delle  valli,  con  appendice  sulla 
distribuzione  dei  fossili  nella  Valdichiana  e  nell'  Umbria  interna  setten- 
trionale,  416. — A.  Issel.  Resti  di  un*  antropoide  rinvenuti  nel  pliocene  a 
Pietra  Ligure,  466.— B.  Lotti.  Gabbro  od  Eufotide  P,  460.— A.  Veiri. 
Besoconto  d**!!**  -^'urriopi,  607. 
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Boyal  Agricoltural  Society.    Journal.     Ser.  2.    Vol.  zzii.     Part  2. 

1886. 

.    .    .    Vol.  xxiii.    Parti.    1887. 


Eoyal  Asiatic  Society  of  Great  Britain  and  Ireland.     JournaL     N.  S. 
Vol.  xviii.     Parts  3  &  4.     1886. 

.     .     .    Vol.  xix.     Parts  1  &  2.     1887. 


Koyal  College  of  Surgeons  of  England.     Calendar,  lb86.     1886. 

lioyal  Geographical  Society.     Proceedings.     Vol.  viii.     Nos.  7-12. 
1886. 
Ardagh.    The  Red  Sea  Petroleum  Deposits,  602. 

.     .     Vol,  ix.     Nos.  1-6.     1887. 

£.  Naumann.  The  Physical  Geography  of  Japan,  with  remarks  on  the 
people,  86. 

Koyal  Institution  of  Great  Britain.    Proceedings.    Vol.  xi.     Part  3. 

No.  80.     1887. 
J.  Dewar.    Recent  Researches  on  Meteorites,  541. 

Koyal  Meteorological  Society.     Quarterly  Journal.    Vol.  xii.     Nos. 
59-61.     1886-87. 

Royal  Microscopical  Society.     Journal.     Ser.  2.     Vol.  vi.      Parts 
4-6  A.     1886. 
C.  D.  Sherhom  and  F.  Chapman.    On  some  Microzoa  from  the  London 
Clay  exposed  in  the  Drainage  Works,  Piccadilly,  London,  1885, 737. 

.    .    .     1887.     Parts  1-3.     1887. 

Koyal  Society.   Philosophical  Transactions,  1885.  Vol.  clxxvi.    Parts 
1  &  2.     1886. 
G.  J.  Ilinde.     On  Beds  of  Sponge-remains  in  the  Lower  and  Upper 
Greensand  of  the  South  of  England,  403. 

.     .     Vol.  clxxvii.     Part  1.     1886. 

Sir  R.  Owen.  Description  of  Fossil  Remains,  including  Foot-bones, 
of  Megalania  jmsca^  327. 

.     Proceedings.     Vol.  xl.    Nos.  243-245.     1886. 

H.  J.  Johnston-Lavis,  The  Relationship  of  the  Activity  of  Vesuvius 
to  certain  Meteorological  and  Astronomical  Phenomena,  248. — Sir  R 
Owen.  Description  of  Fossil  Remains  of  two  Species  of  a  Megalanian 
Genus  (3/eio/amVi,  Ow.)  from  Lord  Howe's  Island,  315. — F.  Rutley. 
Notes  on  Alterations  induced  hy  Heat  in  certain  Vitreous  Rocks,  430. — 
G.  Ansdell  and  J.  Dewar.  On  the  Gaseous  Constituents  of  Meteorites, 
549. 

.     .     Vol.  xli.     Nos.  246-250.     1886-87. 


J.  Prestwich.  On  Underground  Temperatures,  with  Observations  of 
the  Conductivity  of  Rocks ;  on  the  Thermal  Effects  of  Saturation  and 
Imbibition  ;  and  on  a  Special  Source  of  Heat  in  Mountain  Ranges,  L— 
J.  Prestwich.  On  the  Agency  of  Water  in  Volcanic  Eruptions,  with 
some  Observations  on  the  Thickness  of  the  Earth*s  Crust  from  a  Geologi- 
cal Point  of  View ;  and  on  the  Primary  Cause  of  Volcanic  Action,  117.— 
Sir  R.  Owen.  Additional  Endence  of  the  Affinities  of  the  Extinct  Mar- 
supial Quadruped  Thylacoleo  camifex^  Ow.,  317. 


Digitized  by  LjOOQ IC 


ADDITIONS  TO  THE  LIBBART.  1 35 

Royal  Society.     Proceedings.    Vol.  xlii.     Nos.  251-254.     1887. 

J.  W.  Mallett.  On  the  Occurrence  of  Silver  in  Volcanic  Ash  from  the 
Eruption  of  Ootopaxi  of  July  22  and  23,  1886,  1.— W.  C.  Williamson. 
Note  on  Lepidodendron  Harcourtii  and  L,  fuliyintrntm^  Will.,  6. — W.  C. 
Williamson.  On  the  Orffanization  of  Fossil  Plants  of  the  Coal-measures : 
Heteranyium  tiliaoideSy  will.,  and  Kaloxylon  Hookerij  8. — J.  W.  Hulke. 
Supplementary  Note  on  PolacafUhus  Foxiiy  deacribing  the  Dorsal  and 
some  parts  of  the  Endoskeleton  imperfectly  known  in  1881, 16. — H.  Q. 
Seeley.  On  Froterosaurus  Speneri  (Von  Meyer),  86.— T.  H.  Huxley, 
Preliminary  Note  on  the  Fossil  Remains  of  a  Chelonian  Reptile,  Cerato^ 
chelys  sth^mnu,  from  Lord  Howe's  Island,  Australia,  232.— £.  Hull. 
Note  on  Dr.  G.  J.  Hinde's  Paper  "  On  Beds  of  Sponge-remains  in  the 
Lower  and  Upper  Greensand  of  the  South  of  England,"  304.— K  T. 
Hardman.    Note  on  Professor  Hull's  Paper,  308. 

Rugby.     Rugby  School  Natural  History  Society.     Report  for  the 
Year  1886.     1887. 

St.   Petersburg.       Academie  Impenale  des  Sciences.       Bulletin. 
Tome  XXX.     No.  4.     1886. 
F.  Schmidt.    Ueber  einige  neue  ostsibirische  Trilobiten  und  verwandte 
Thierformen,  602. 

.     .    .    Tomexxxi.     Nos.  2-4.     1886  &  1887. 

N.  de  Kokcharoif.  Mursinskit,  nouveau  mineral,  460. — C.  Zahalka. 
Sur  les  Phymatelles  des  couches  cr^tac^es  en  Bohdme,464. — A.Karpinsky. 
Contributions  a  la  connaissance  g^ologique  du  gouvernement  de  Fskow, 
473. — A.  Karpinsky.  Sur  quelques  roches  m<$tamorphiques  de  TOural 
contenaat  le  graphite  et  le  grenat,  484. 

.     .     Mdmoires.    Ser.  7.    Tome  xxxiii.    Nos.  6-8.    1886. 

E.  Mojsisoyics  yon  Moisvar.  Arktische  Triasfaunen,  No.  6. — J.  Lahn- 
een.  Die  Inoceramen-schichten  an  dem  Olenek  und  der  Lena,  No.  7. — 
F.  Schmidt.     Revision  der  ostbaltischen  silurischen  Trilobiten,  No.  8. 

.     .     .     Ser.  7.     Tome  xxxiv.     Nos.  1-13.     1886. 

A.  Stuckenberg.  Materialien  zur  Eenntniss  der  Fauna  der  devo- 
nischen  ablagerungen  Sibiriens,  No.  1. — A.  Struve.  Ueber  die  Schicht- 
enfolge  in  den  Carbonablagerungen  im  siidlichen  Tl^eil  des  moskauer 
Kohlenbeckena,  No.  6. — N.  v.  Kokscharow.  Die  etwas  niiheren  Bestim- 
mungen  der  Walnewit-Krystalle  von  der  Grube  Nikolaje-Maximilianowsk, 
No.  10. 
.    .    .     Ser.  7.     Tome  xxxv.     No.  1.     1887. 

Salem.      Peabody  Academy  of  Science.      19th    Annual    Report. 
1887. 

Sanitary  Institute  of  Great  Britain.    Transactions.  Vol.  vii.  (1885- 
86).     1886. 
J.  D.  Paul.    On  the  Valley  of  the  Soar,  261. 

School  of  Mines   (Royal).     Magazine.     Vol.    i.     No.  3.      1877. 
Presented  by  W.  Whitaktr,  Esq.,  F.O.S. 

.     .    Vol.  ii.     Nos.  1  &  2.     1877-78.     Presented  by  W. 

WhitaJcer,  Esq.,  F.O.S. 
C.  L.  Morf?an.    The  Drift  of  Brazil,  3. — H.  Louis.    On  the  Copper 
Deposit  at  New  Annan,  66.— W.  H.  M.    Our  Isle  of  Wight  Geological 
Trip,  77. 

Scientific  News.     Vol  i.     Nos.  1-6.     1887. 
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Shanghai.    China  Branch  of  the  Royal  Asiatic  Society.     JoninaL 
N.  8.    Vol.  xix.     Part  2.     1886. 

Vol.  XX,     No8.  5  &  6.     1885. 

Vol.  xxi.     Nos.1-4.    1886  &  1887. 

Society  of  Arts.    JoumaL    Nos.  1753-1779.     1886, 

.    .    Nos.  1780-1804.     1887. 

Society  of  Biblical  Archaeology.    Proceedings.    Vol.  viii.     1886. 

Society  of  Medical  Officers  of  Health.     Transactions.     Session  1885 
-86.     1886.     Presented  by  W.  Whitaker,  Esq.,  RO,S, 
W.  Eassie.    On  the  Waters  derived  from  the  Bagshot  Beds,  considerDd 
as  Drinking  Supplies,  122. 

Stettin.     Verein  fur  Erdkunde.     Jahresbericht,  18.86.     1887. 

Stockholm.  Geologiska  Foreningen.  Forhandlingar.  Band  viii.* 
Hafte  5-7.  1886. 
O.  Gumaeliufl.  OcksS  et  bidrag  till  historiken  ofrer  de  fjceologiska 
underaokningAme  i  Sveriges  fjalltrakter,  383. — ^H.  Sjogren.  Meddelande 
om  slamvulkaDprna  i  Baku,  4i0. — A.  Sjogren.  Mineralogiska  notiser,  XL, 
430. — A.  E.  Tomebohm.  Karakteristik  af  bergartsprof,  insamlade  af  den 
svenflka  expeditionen  till  Gronland  Sr  1883,  431. — A.  E.  Nordenddold. 
MineralogisKa  bidrag,  442. — Ilampus  von  Post  Kalgranit  med  berg- 
beck,  453. — K.  Pettersen.  Notitser  vedrorende  den  nord-norske  Qeldby^ 
ning,  459. — M.  Hiriakoff.  Om  ett  fyiid  af  qvicksilfvermahn  i  distriktet 
Baclimut,  g^vemementel  Jekaterinoslaw,  470. — A.  Sjogren.  Mineralo- 
giska  notiser,  XII.,  473. — A.  Ham  berg.  Anatas  och  titanit  pS  rutil  fr& 
apatitfbrekomsten  vid  Kragero,  475. — ^L.  J.  Igelatrom.  Mineralogiska 
meddelanden,  IV.  &  V.,  477.— M.  Weibull.  Om  manganapatit  frin  Vea- 
tan&  iemte  nSgra  anmarkningar  ofver  apatitens  sammansattnin^,  492.— 
M.  Weibull.  Om  fluoceriten  frSn  Osterby  i  Dalame,  496. — G.  l)e  Geer. 
Om  yindnotta  stenar,  501. — T.  Fegrseus.  Sandslipade  stenar  frSn  Gotaka 
Sandon,  614. — ^E.  Svedmark.    Smarre  meddelanden,  519. 

.    .    .    Band  ix.     Hafte  1-4  (1887).     1887. 

A.  G.  Hogbom.  Om  sekulara  hbjningen  vid  Vesterbottens  kust,  19.— 
A.  E.  Nordenskiold.  Mineralogiska  bidrag,  26. — A.  Lacroix.  Mikro- 
akopisk  undersokning  af  thaumasit,  35.— T.  Nordstrom.  Sveriges  malm- 
och  metall-produktion,  1885,  37. — 0.  Gumselius.  Samling  af  utider- 
rattelser  om  jordstotar  i  Sverige,  42. — E.  Erdmann.  Om  en  djupborr- 
ning  med  diamantborr  for  sokande  efter  stenkolstiUg&ngar  i  Schweiz,  58. 
— B.  Santesson.  Nickelmalmfyndigheten  vid  Kie^a,  66. — A,  Q.  Na- 
thoret.  Till  frSgan  om  de  skfinska  dislokationemas  Slder,  74. — E.  Ber- 
trand.  Thaumasitena  optiska  egenakaper,  131. — E.  Svedmark.  Smane 
meddelanden,  11.,  131. — A.  Sjogren.  Anteckningar  i  praktisk  ceognosi, 
IV.,  146.—^.  Nordenstrom.  Om  anvandnin^af  diamantborrmaudner  for 
mabnfyndigheters  undersokning,  151. — 0.  W.  Blomsthand.  Analys  af 
cer-  och  ytterfosfater  fr&n  sodra  Nor;^,  ett  bidrag  till  frfigan  om  dessa 
mineraliers  kemiska  byggnad,  160.— E.  Svedmark.  OrograJGlska  studier 
inom  Roslagen,  188. — ^H.  von  Post     Ytterliffare  om  nickelmalmfvndi- 

fheten  vid  Klefva,  216. — A.  G.  Nathorst.    En  ny  teori  om  de  avenska 
lippbackenas  uppkomst,  221. — T.  Nordstrom.     Om  utstrackningsn  af 
begreppet  malm,  230. — 0.  A.  Vrang.    Fynd  af  svartmalm  med  starkt 
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utpr&glad  mwietism,  248. — ^W.  C.  Brogger.  Forel5big  meddelelse  om 
minenJerne  pa  de  sydnorake  augit-  og  neielinsyeniters  grovkornige  gange, 
247.— J.  Jonsson.  Bidrag  till  Kannedomen  om  vfira  plastiska  lerors  an- 
yandbarhety  275. — H.  Reusch.  Om  sjstematifik  indBamling  af  jord- 
•kjaslvsiagttagelBer  paa  den  skandinaTiske  halvo,  279. 

Stuttgart  Neues  Jahrbach  fiir  Mineralogie,  Qeologie  und  Palaon- 
tologie,  1886.  Band  ii.  Hefte  2  &  3.  1886. 
L.  Langemann.  Beitrege  zur  Kenntnisn  der  Mineralien  Hannotom, 
Phillimt,  und  Desmin,  83. — B.  Stiirtz.  Ueber  pal^ozoische  Seesternei 
142.~-N.  Andniflflow.  Ueber  zwei  neue  leopodenformen  au8  neogenen 
Ablagerungen,  155. — J.  v.  Siemiradzki.  Ueber  Anorthitgesteine  von  S. 
Tbomas  (Antillen),  175. — K.  von  Chrustschoff.  Ueber  einen  eigenthiim- 
lichen  accessorischen  Gemengtheil  des  Granitporphyrs  von  Beucha  und 
des  Phonoliths  von  Olbriick,  180. — A.  Kennjrott.  Kryetallgestalten  des 
Eiflea :  Formel  dee  Manganostibiits,  184. — B.  Hecht.  Ueber  Rrismen, 
welcbe  zur  Bestimmung  von  Brechungdndices  durch  Totalreflexion  dienen 
BoUen,  186. — A.  E.  Tornebobm.  Ueber  das  Vorkommen  nepbritartiger 
Gesteine  in  Scbweden,  101. — E.  Haug.  Ueber  die  sjstematiscne  Stellung 
der  Gattung  Zurcheriaf  Douv.,  193. — E.  W.  Benecke.  Ueber  eine 
Opbiure  aus  dem  engliscben  Hbat,  195.— O.  Herrmann.  Gletscberscbliffe 
auf  der  nordsacbsiscnen  Grauwacke  rechts  der  Elbe,  bei  l.iittecbau  zwi- 
schen  Grosseubain  und  Zamenz,  200. — S.  Nikitin.  Ueber  die  Beziebun- 
gen  zwiscben  der  russischen  und  der  westeuropaiscben  Juraformation, 
205. — A.  von  Konen.  Ueber  neue  Cystideen  aus  den  Caradoc-Schich- 
ten  der  Gegend  von  Montpellier,  246. — A.  B.  Meyer.  Ein  dem  Nephrit 
mineralo^ch  nahestebendes  Aktinolithgestein  aus  der  RyUsbytte-Kom- 
pani-Girube  in  Balecarlien^  255. — A.  Catbrein.  Petrefactenfunde  bei 
Brixlegg  in  Tirol,  257. 

.    ,1887.     Bandi.    Hefte  1-3.     1887. 

M.  Bauer.  Beitrage  zur  Mineralogie,  V.,  1. — R.  Brauns.  Zur  Frage 
der  optischen  Anomalien,  47. — C.  Schmidt.  Diabasporpbyrite  und  Me- 
laphyre  vom  Nordabhang  der  Schweizer  Alpen,  58. — M.  Neumayr.  Ueber 
die  Beziebung  zwiscben  der  russiscben  und  der  westeuropaiscben  Jura- 
formation,  70. — A.  Beutell.  Ueber  Prebnit  von  Striegau  und  Jordans- 
miibl  in  Scblesien,  89. — F.  Sandberger.  VVeite  Verbreitun^  des  Jods  in 
Pbospboriten,  &c.,  95. — A.  Streng.  Ueber  die  in  den  Graniten  von  Ba- 
veno  vorkommenden  Mineralien,  98. — G.  Vom  Rath.  Ueber  den  Aus- 
brucb  des  Tarawera  auf  Neu-Seeland  10  Juni,  1886, 101. — F.  Sandberger. 
Bemerkungen  iiber  den  Silbergebalt  des  Glimmers  aus  dem  Gneisse  von 
Schapbach  und  des  Augits  aus  dem  Diabase  von  Andreasberg  am  Harz, 
111 . — A.  Catbrein.  Ueber  den  Proterobas  von  Leogang,  1 1 3. — F.  Romer. 
Ueber  H.  v.  Meyer's  Mastodon  Humboldtiy  Cuv.  r,  aus  Mexico,  114. — 
A.  Osann.  Ueber  Azorit  und  Pyrrhit,  115. — W.  Dames.  Entgegnung  an 
Herm  Dr.  Carl  Diener,  116. — P.  Choffat.  Kreideablagenmgen  an  der 
Westkuste  von  Siidafrika,  1 17.— C.  Cohen.  Ueber  Speckstein,  Pseudophit 
und  dichten  Muscovit  aus  SUd- Africa,  119. — L.  Darapskv.  Ueber  einige 
chilenische  Alaune,  125. — R.  Brauns.  Ueber  Winkelscnwankungen  iso- 
troper  und  doppeltbrechender  regularer  Erystalle,  138. — ^A.  Catbrein. 
Beitrage  zur  Petrographie  Tirols,  147. — F.  Romer.  Graptocarcinus  feav 
anuSy  ein  Brachyure  aus  der  oberen  Bjreide  von  Texas,  173. — R.  Hausler. 
Die  Lageninender  schweizeriscben  Jura- und  Ereideformation,  177. — 
R.  Hausler.  Bemerkungen  iiber  einige  liasische  Milioliden,  190. — O. 
Miigge.  Ueber  "  Gelenksandstein  "  aus  der  Umgegend  von  Delhi,  196. 
— G.  Vom  Rath.  Ueber  Cristobalit  vom  Cerro  S.  Cristdbal  bei  Pachuca, 
Mexico,  198. — C.  Klein.  Optische  Untersuchung  zweier  Granatvorkom- 
men  vom  Harz,  200. — F.  Graeff.    Laavenit  im  brasilianischen  £laBo> 
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lithsyemty  201.— H.  TrautscholcL  Ueber  Oligocan  am  Ostabliaiig  des 
Ural,  203. — K.  von  Ghrustschoff.  Ueber  ^lun^ne  Versuche  zur  Dar- 
stellunff  des  Quarzes  auf  nassem  und  des  Tndymits  auf  trockenem  Wege, 
205. — K.  von  Chnistschotf*.  Beweis  fiir  den  urspriinglich  hyalizimagma- 
tischen  Zustand  gewisser  echter  Granite  und  crranitartiger  (^esteine,  2U8. 
— J.  Qotz.  Ueber  Andalusit  aus  den  krystallinen  Scniefem  von  Mara- 
bastad,  Transvaal,  211. — J.  Striiver.  Ueber  Ghistaldit  und  Glaukopban, 
213. — B.  Hecht.  Ueber  die  Modifikation,  welche  die  Nei^ung  der  Grenze 
der  Totaknflexion  bei  Benutzung  der  WoUaston'schen  Methode  durch 
den  Austritt  aus  dem  Prisma  erleidet,  218. — C.  Ochsenius.  Phosphor- 
sauregehalt  des  Natronsalpeters,  221. — 0.  Klein.  Beleucbtungr  una  Za- 
riickweisung  einiger  gegen  die  Lehre  von  den  optischen  Anomalien  erho- 
benen  Einwendungen,  223. — ^F.  Sandberger.  Ueber  einen  neuen  Peleky- 
poden  aus  dem  nassauischen  Unterdevon,  247. — H.  B.  Patten.  Hom- 
olende,  Oligoklas,  und  Titanit  aus  Drusenraumen  im  Schriesheimer  Diorit, 
201. 

Stuttgart.  Neues  Jahrbnch  fiir  Mineralogie,  Geologie  and  Palaon- 
tologie,  1887.  Beilage-Band  iv.  Heft  3.  1886. 
H.  Reusch.  Ueber  den  Tysnesmeteorit  und  drei  andere  in  Skandinavien 
niedergefifiUene  Meteorsteine,  473. — H.  Schedtler.  Experimentelle  Unter- 
suchung  tiber  das  elektrische  Verhalten  des  Turmalius,  619. — O.  Miigge. 
Ueber  einipe  Gesteine  des  Massai-LandeS;  676. — 0.  Kammelsberg.  Ueber 
die  Gruppe  des  Skapoliths,  610. 


BeUage-Band  v.     Heft  1.     188 


H.  Reuscb.  Geologische  Beobachtungen  in  einem  r^onalmetamor- 
phosirten  Gebiet  am  HardangerQord  in  Norwegen,  62. — W.  Voipt,  Be- 
stimmung  der  Elasticitats-Constanten  von  Beryll  und  Bergkrystidl,  68. — 
J.  Bosscha,  jun.  Ueber  den  Meteorit  von  Earang-Modjo  oder  Magetan 
auf  Java,  126. — E.  Coben.  Geognostiscb-petrographiscbe  tSkizzen  aos 
Siid-Afrika,  II.,  195. 

.     Palaeontograpbica.     Band  xxxii.     Lief.  4-6.    1886.     Pur- 

chased, 
M.  Blanckenbom.  Die  fossile  Flora  des  Bontsandsteins  und  des  Mus- 
cbelkalks  der  Umgegend  von  Oommem,  117. — J.  Walther.  Untersuch- 
ungen  iiber  den  Ban  der  Crinoiden  mit  besonderer  Berucksichligunpr  der 
Formen  aus  dem  Solenhofener  Schiefer  und  dem  Kelheimer  Diceraskalk, 
155. — E.  Riefstabl.  Die  Senienschale  und  ibre  Beziehung  zu  den  Belem- 
niten,  201. — ^O.  Roger.  Ueoer  Ditiotherium  bavarieum,  H.  v.  Meyer,  215. 
— E.  Fraas.  Die  Asterien  des  Weissen  Jura  von  Schwaben  und  Franken 
mit  Untersucbung  iiber  die  Structure  der  Echinodermen  und  das  Kalk- 
geriiste  der  Asterien,  227. 

.     .     Band  xxxiii.     Lief.  1-6.     1886.     Purchased. 


A.  Rotbpletz.  Geologisch-palaontologiscbe  Monographie  der  \llser 
Alpen,  mit  besonderer  Beriicl^irhti^nmg  der  Brachiopoden-Systematik, 
1.---J.  Scbmalhausen.  Ueber  tertiare  Piianzen  aus  dem  tliale  des 
Flusses  Buchtorma  am  Fusse  des  Altaigebirges,  181. — G.  C.  Laube  und 
G.  Bruder.    Ammoniten  der  bohmiscben  Ereide,  217. 

Swansea.      Soutb- Wales    Institute  of    Engineers.      Proceedings. 
VoLxiv.    No.  6.     1886. 

.     .    .    Vol.  XV.     N08.  1  &  2.     1886. 


H.  Laporte.    Notes  on  tbe  Coalfields  and  Coal  Industry  in  Belgium, 
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Sydney.     linnean  Society  of  New  South  Wales.      Proceedings. 
Vol.  X.     Part  4.     1886. 
F.  Ratte.    On  some  remarkable  Crystals  of  Siderite,  768. 

.     .     .     Ser.2.     Vol.i.     Parts  1-4.     1886-87. 

F.  W.  Hutton.  The  Mollusca  of  the  Pareora  and  Oamaru  Systems 
of  New  Zealand,  205. — F.  W.  Hutton.  Notes  on  some  Australian  Ter- 
tiary Fossils,  481. — J.  Stirling.  On  some  Further  Evidences  of  Gla- 
ciation  in  the  Australian  Alps,  483. — W.  Stephens.  Notes  on  the  Kecent 
Eruptions  in  the  Taupo  Zone,  New  Zealand,  613. — W.  Stephens.  Note 
on  a  Lahyrinthodont  Fossil  from  Cockatoo  Island,  Port  Jackson,  931. — 
F.  Ratte.  Notes  on  Australian  Fossils,  1064.— W.  J.  Stephens.  On 
the  BUoela  Lahyrinthodont,  1112. — W.  J.  Stephens.  On  some  addi- 
tional Lahyrinthodont  Fossils  from  the  Hawkesouiy  Sandstone  of  New 
South  Wales,  1174. — J.  Mitchell.  Notes  on  the  Geology  of  Bowning, 
N.  S.W.,1192. 

.     .     Record  of  Proceedings,  Oct.  31, 1885.    8vo.    1886? 

.    Royal  Society  of  New  South  Wales.    Journal  and  Proceedings 

for  1885.     VoLxix.     1886. 
H.  0.  Russel.    Presidential  Address,  1. — H.  C.  Russel.    Local  Varia- 
tions and  Vihrations  of  the  Earth  s  Surface,  61. — S.  H.  Cox.    Notes  on 
the  Characters  of  the  Adelong  Reefs,  136. 

Tokio.     College  of  Science,  Imperial  University,  Japan.     Journal. 
Vol.  i,     Part  1.     1886. 

B.  Kot6.    A  Note  on  Glaucophane,  86. 

.    .     .     Vol.  i.     Part  2.     1887. 

.     Imperial  University  of  Japan  (Teikoku  Daigaku).    The  Cal- 
endar for  the  Year  1886-87.     1886. 

.     Seismological  Society  of   Japan.     Transactions.     Vol.  ix. 

Parts  1  &  2.     1886. 

C.  G.  Knott.  Earthquake  Frequency,  1  (part  1). — John  Milne.  The 
Volcanoes  of  Japan,  1  (part  2). 

.     .     .     Vol.  X.     1887. 

J.  Milne.  On  a  Seismic  Survey  made  in  Tokio  in  1884  and  1886, 1. 
— J.  Macgowan.  Earthquakes  in  China,  37. — ^T.  W.  Kingsmill.  Notes 
to  accompany  some  Theorems  in  the  Dynamics  of  Geology,  47. — Seikei 
Sekiya.  Earthquake  Ohservations  of  1885  in  Japan,  67. — Seikei  Sekiya. 
Catalogue  of  482  Earthquakes  in  1886, 66.— lEarthquake  Catalogues  for 
1881-^6,  83.— Catalogue  of  Earthquakes  (Mav  1885  to  January  1887), 
97. 

Toronto.     Canadian  Institute.     Proceedings.     Series  3.     Vol.  iv. 
Fasc.  1.     1886. 
T.  N.  Dale.     New  England   Upper  Silurian,  69.  —  A.  C.  Lawson. 
Gneissic  Foliation,  115. 

Toulouse.       Soci^te    d'Histoire    Naturelle.      Bulletin  Trimestriel. 
19«  Ann^e  (1885).     1886.     Sheets  15-22,  concluding  the  vol. 

20«  Annee  (1886),  Jan.-Dec.     1886. 


J.  Kiihn.     Recherches  sur  les  Ophites  des  Pyr^n^es,  163. 

VOL.  XLIII.  m 
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Turin.    Beale  Accademia  delle  Scienze.    Attd.   Vol.  zxi.    Disp.  3, 4. 

1886. 

.    .    .    Vol.  xxi.    Disp.  6, 7.     1886. 

£.  Mattirolo.  Sulk  Natrolite  di  Montecatini,  Val  di  Cecinay  848. — ^F. 
Sacco.  Intorno  ad  aktme  impronte  oiganiche  del  teneni  teniari  del  Fie- 
inonte,927. 

.    .    .     Vol.  xxii.     Diap.  1-11.     1887. 

G.  Spezia.  Sulla  fusibilita  dei  minerali,  419. — F.  Sacco.  Studio  gedo- 
gico  del  dintorni  di  Voltaggio;  613. 

— .    .    Mernqrie.     Serie  2.     Tomo  zxxvii.     1886. 

L.  Bellardi.  I  Molluflchi  dei  terreni  terziarii  del  Piemonte  e  della  Li- 
guria,  Parte  iv.,  3. — F.  Sacco.  Fauna  malacologica  delle  aUuTioni  plioeen- 
iche  del  Piemonte,  169. — A.  Portia.  Catalogs  descrittivo  dei  Talaasotezii 
rinvenuti  nei  terreni  terziarii  del  Piemonte  e  della  Liguiia,  247. — A.  de 
Gregorio.  Foasili  del  Giora-Liaa  (Alpiniano,  De  (^^egO  di  Segan  e  di 
Valpore  (Cima  d'Asta  e  Monte  Grappa),  451. — A.  de  Gr^rio.  Nota 
intorno  a  taluni  fossili  de  Monte  Erice  oi  Sicilia  del  piano  Alpinianio,  De 
Gbeg.  (=GiurarLia8  auctorum),  e  preciaamente  del  aottorizzonte  Giap- 
pino,  De  Greg.,  ecc.,  666. 

.    Osseiratorio  della  Regia  UniversitiL      BoUettino.      Axmo 

20,  1885.     1886. 

Univeraity  College  Calendar,  Session  1886-87.     1886. 

Victoria  Institute.     Journal  of  the  Transactions.     Vol.  xx.      Ifos. 

78-80.     1886-87. 

.    .     Vol.  xxi.     No.  81.     1887. 

£.  Hull.  Notes  on  some  of  the  Kesults  arrived  at  hy  Members  of  the 
Expedition  sent  out  by  the  Committee  of  the  Palestine  Exploration  Fund, 
in  1883-84,  to  Arabia  PetrsBa  and  Western  Palestine,  11. 

Vienna.  Beitrage  zur  Palaontologie  Oesterreich-Ungams  und 
dee  Orients.  Band  v.  Heft  3.  1886.  Purchased. 
F.  Wahner.  Beitrage  zur  Kenntniss  der  tieferen  Zonen  d^  unteran 
Lias  in  den  nordostlichen  Alpen,  37. — A.  v.  Alth.  Ueber  die  Zusam- 
mengehorigkeit  der  den  Fischgattungen  Pteraspis,  Cyathaspis,  und  Sea- 
phaspit  zugeschriebenen  Schilder,  61. 

.     Kaiserliche  Akademie  der  Wissenschaften.    Anzdger,  1886. 

Nos.  15-27.     1886. 
0.  y.  Ettingshausen.    Beitrage  zur  Kenntniss  der  Tertiarflora  Auatxa- 

liens,  177. 

.    .    ,1887.    Nos.  1-8.    1887. 

0.  T.  Ettingshausen.  Beitrage  zur  Kenntniss  der  fossilen  Flora  Neo- 
seelands,  1. — ^M.  Wilckens.  Ueoer  ein  Fossiles  Pferd  Persiens,  42. — F. 
Becke.     Atzversuche  am  Pyrit,  45. 

.     .    Denkschiiften.    Band  1.     1885. 

Ahtheilung  I. 

C.  V  Ettingshausen.  Die  fossile  Flora  von  Sagor  in  Eiain,  1. — M. 
Neumayr.    Die  geographische  Verbreitung  der  Jural ormation,  67. 

AhtJteilung  U. 
F.  Toula.     Geologische  Untersuchungen  in  der  "  Grauwackenzone " 
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der  nordastlichen  Alpen,  121.— G.  Bruder.  Die  Fauna  der  Jura-Abla- 
gerung  von  Hohnstein  in  Sachaen,  233.— F.  Toula  und  J.  A.  Kail.  Ueber 
einen  Krokodil-Schadel  aus  den  Teiti&rablagerungen  von  Eggenberg  in 
Niederosterreich,  290. 

Yienna.  EaiBerliche  Akademie  der  Wissenschaften.  Sitzungs- 
bericbte.  Matbematiscb-naturwissensohafUicbe  Classe,  1884. 
Bandxci.    Heft  5  (1885).    1885. 

.    .    .    ,1885.    Bandxcu.   Heffce  1-5  (1885). 

1885-86. 
C.  Prohaska.  Ueber  den  Basalt  Ton  Kollnitz  im  Lavanttbale  tmd 
dessen  glasige  cordieritfiibiende  Einschliisse,  20. — C.  W.  G.  Fucb^. 
Statiistik  der  Erdbeben  von  1865-86, 216.— 0.  Diener.  Die  Structur  des 
Jordanauellgebietes,  633.— C.  Zahalka.  Ueber  Isorapkuua  texta,  RonL 
sp.^  una  ScytaUa  pertusuy  Keuss  sp.,  aus  der  Umgebung  von  Raudnitz  a. 
E.  in  Bohmen,  647. 

.    .   .    .   Bandxciii.   Hefte  1-3  (1886).    1886. 

G.  Bruder.    Neue  Beitrage  zur  Eenntnias  der  Juraablagerungen  im 
nordHchen  Bobmen,  193. 

.     K.-k,  Bergakademien  zu  Leoben    und    Pribram   und  der 

kdniglicb-ungarisebe  Bergakademie  zu  Scbemnitz.     Berg-  und 

Huttenmanniscbes  Jabrbuch.    Bandxxxiv.    Hefte  2-4.    1886. 

De  Charcourtois,  Lallemand,  und  Chesneau.     Ueber  das  Studium  der 

Bewegungen  der  Erdrinde  mit  Rucksicbt  auf  deren  Beziebongen  zum 

Auftreten  schlagender  Wetter,  298. 

.    .    .    Bandxxxv.    Hefb  1.     1887. 


.    £.-k.  geologiscbe  Eeicbsanstalt.    Abbandlungen.     Band  adi. 

Nos.  1-4.  1886.  (New  vol.  xii.) 
L.  Tausch.  Ueber  die  Fauna  der  nicht  marinen  Ablagerungen  der 
oberen  Kreide  des  Csingertbales  bei  Ajka  im  Bakonj  (Veezprimer  Gomi- 
tat,  Ungam)  und  iiber  eini^  Concbylien  der  Goflaumergel  von  Aigen  bei 
Salzburg,  1. — D.  Stur.  Beitrag  zur  Kenntniss  der  Flora  des  KaUrtuffes 
und  der  Kalktuff-Breccie  yon  Hotting  bei  Innsbruck,  33. — M.  Vacek. 
Ueber  die  Fauna  der  Oolithe  von  Cap  S.  Vigilio,  verbunden  mit  einer 
Studie  iiber  die  obere  Liasgrenze,  57.— G.  Geyer.  Ueber  die  liasiscben 
Cephalopoden  des  Hierlatz  bei  Hallstadt,  213. 


.     .    Jahrbucb,  1886.    Band  xxxvi.    Hefbe  2-4.    1886. 

J.  Walther.  Vulcanische  Strandmarken,  295. — A.  H.  Schindler.  Die 
Gegend  zwiscben  Sabzw&r  und  Mescbhed  in  Peraien,  303. — F.  Lowl. 
Spalten  und  Vulcane,  315. — F.  von  Hauer.  Bemerkung  zu  Dr.  A. 
Brezina*6  Abbandlungen :  Die  Meteoritensammlung  des  k.-k.  mineralo- 
gischen  H  of  cabinets  in  Wien  am  1  May,  1885,  326.— C.  von  John  und 
H.  B.  von  Foullon.  Arbeiten  aus  dem  chemischen  Laboratorium  der 
k.-k.  geologiscben  Beicbsanstalt,  329. — F.  Freeh.  Ueber  ein  neues  Lias- 
vorkommen  in  den  Stubaier  Alpen,  355. — H.  Zapalowicz.  Eine  geolo- 
ipsche  Skizze  des  ostlichen  Theiies  der  Pokutiscb-Marmaroscber  Grenz- 
Karnathen,  361.— S.  Polifka.  Beitrag  zur  Kenntniss  der  Fauna  des 
Schlem-Dolomites,  595. — H.  Sjogren.  Beitrage  zur  Kenntniss  der  Erz- 
lagerstatten  von  Moravica  und  Do^acska  im  Banat  und  Vergleicbung 
derselben  mit  den  schwedischen  Eisenerzlagerstatten,  607. — J.  v.  Siemi- 
radzki.    Studien  im  polnischen  Mittelgebirge,  669.— E.  Tietze.    Beitrage 
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zur  Geoloffie  Ton  Galizien,  681. — F.  Toula.  Qeolopsche  Notizen  ans  dem 
Triestingtnale,  (309. — R  Teller.  Ueber  poiphyntische  Emptivgeetdne 
aus  den  Tiroler  Central-Alpen,  716. — ^H.  v.  Foullon.  Ueber  Porpbyrite 
aus  Tirol,  747. 

Vienna.  E.-k.  geologische  ReichsanBtalt.  Yerhandlungen,  1886. 
N06.7-18.  1886. 
G.  0.  Laube.  Ueber  bohmische  Kreide-Ammoniten,  152. — J.  Blaas. 
Ein  Beitra^  zu  den  "  pseudoglacialen  "  Erscheinungen,  166. — E.  v.  Moj- 
siaovica.  Vorlage  dee  Werkes  "  Arktische  Triaafaunen,"  166. — ^F.  Wah- 
ner.  Zur  heteropischen  Differenzirung  des  alpinen  Lias,  168, 190. — J.N. 
Woldrich.  Palaontologische  Beitrage,  176. — L.  v.  Tauach.  Ueber  die 
Beziehungen  der  Fauna  der  nicht-marinen  Kreidebildongen  yon  Ajka 
im  Bakony  zu  jener  der  Laramiebildungen  Nord-Amermas,  180. — F. 
Toula.  Mittelneocom  am  Nordabhange  dea  groraen  Flosselbeiges  bei 
Ealtenleutgeben,  189. — C.  v.  John.  Ueber  die  Andesite  von  Rzegocina 
und  KamioDua  bei  Bochnia  in  Westgalizien,  213. — H.  Lechleitner.  Die 
Kreide  von  Pletzach  (Ladoi)  auf  dem  Sonnenwendjoche  bei  Brixlegg, 
215. — K.  F.  Fraunscber.  Geologischea  aus  Egypten,  216. — K.  von  Chnist- 
Bchoff.  Mikrolithologische  Mittneilungen,  230. — C.  M.  Paul.  Aufnabms- 
bericht  aus  der  Gegend  zwischen  Bielitz-Biala  und  Andrychau,  239.— 
V.  Uhlig.  Reisebericht  aus  der  Gegend  von  Teschen  und  S'aybuach,  240. 
L.  V.  Tausch.  Reisebericht  aus  Saybusch,  241. — A.  Bittner.  Aus  den 
Umgebungen  von  Windischgarsten  in  Oberosterreich  und  Palfau  in  Ober^ 
Bteiermark,  242. — G.  Geyer.  Ueber  das  Sengsengebirge  und  deren  nord- 
liche  Vorlagen,  247. — H.  lechleitner.  Zur  Rofangruppe,  257. — H.  Lech- 
leitner. Das  Sonnenwendjochgebirge  bei  Brixlegg,  261. — E.  Palla.  Re^ 
cente  Bildung  von  Markasit  in  Inkrustationen  im  Moore  von  Marienbsd, 
266. — F.  TeUer.  Die  silurischen  Ablagerungen  der  Ost-Karawanken, 
267. — R.  Scharizer.  Der  erste  osterreichische  Monazitfund,  283. — ^C.  M. 
Paul.  Aufnahmsbericht  aus  der  Gegend  zwischen  Bielitz  und  Teschen, 
284. — F.  Teller.  Ein  Zinnoberfiihrender  Horizont  in  den  Silur- Ablager- 
ungen der  Karawanken,  285. — C.  v.  Camerlander.  Reisebericht  aus 
Westschlesien,  294. — A.  Cathrein.  Zur  Gliederung  des  rothen  Sand- 
steines,  307. — A.  Pichler.  Vom  Sonnenwendioch,  311. — ^V.  Uhlig.  Reise- 
bericht aus  der  Karpatheneandstein-Zone  Schlesiens,  316. — L.  v.  Tausch. 
Reisebericht  aus  der  Gegend  von  Saybusch,  317. — F.  Romer.  Ueber  einen 
bemerkenswerthen  Fund  von  Granat-Krystallen  auf  der  Dominsel  in 
Breslau,  328. — F.  Sandberger.  Bemerkungen  iiber  fossile  Conchytien 
aus  dem  Susswasserkalke  von  Leobersdorf,  331. — C.  v.  Camerlander. 
Reisebericht  aus  Westschlesien,  332. — M.  Neumayr.  Juraablagerungen 
von  Waidhofen  an  der  Ybbs,  348. — E.  Doll.  Ueber  einen  Riesen- 
pegmatit  bei  Pisek,  361. — E.  Doll.  Pyrit  nach  Turmalin,  eine  neue 
Pseudomorphose,  365. — C.  v.  Camerlander.  Ein  Korundvorkommen  in 
nordwestlicnen  Schlesien,  356.— C.  W.  v.  Giimbel.  Kurze  Bemerkang 
iiber  die  Nummulitenschichten  am  Nordrande  der  Alpen,  367. — F,  Her- 
bich.  Ueber  Kreidebildungen  der  siebenbiirgischen  Ostkarpathen,  368.— 
A.  Bittner.  Die  neuesten  Wandluneen  in  den  modemen  Ansichten  iiber 
Gebirgsbildung,  374. — D.  Stur.  Vorlage  des  ersten  fossilen  ScbadelB  von 
Cei'cUodus  aus  den  obertriadischen  Reingrabner  Schiefem  von  Polzberg 
nordlich  bei  Lunz,  381. — D.  Stur.  Obercarbonische  Pflanzenreste  vom 
Bergbau  Reichenberg  bei  AssUng  in  Oberkrain,  383. — G.  Stache.  Ueber 
das  Alter  von  bohnerzfuhrenden  Ablagerungen  am  "  Monte  Promina''  in 
Dalmatien,  385.  —  A.  Bittner.  Neue  Petrefactenfunde  im  Werfener 
Schiefer  der  Nordostalpen,  387. — G.  Bukovrski.  Mittheihmg  iiber  eine 
neue  Jodquelle  in  der  miocanen  Randzone  der  Karpathen  und  iiber  Alg«si- 
funde  in  d'jn  wass^rfuhrenden  Schichten.  391. — F.  Sandberger.     Die  fo?- 
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silen  Binnen-Conchylien  des  Homsteins  von  Dukovan  bei  Oslawan  in 
Mahren,  403. — F.  Toula.  Ueber  ein  neuee  Vorkommen  von  Kalkee  der 
sarmatischen  Stufe  am  Thebener  Kogel,  404. — F.  Toula.  Ueber  das  Vor- 
kommen von  Congeiien-schichten  am  Hundsheimerberge  zwischen  Hund- 
sbeim  und  Hainburg,  406. — A.  Rzehak.  Die  Conchylienfauna  des  mari- 
nen  Sandes  von  Rebeschowitz  in  Mahren,  406. — J.  N.  Woldfich.  Zur 
diluvial  Fauna  der  Stramberger  Iloblen,  407. — A.  M.  Lomnicki.  Die 
tertiare  Siisswasserbildung  in  Ostgalizien,  412. — D.  Stur.  Vorlage  der 
von  Dr.  Wahner  aus  Persien  mitgebrachten  fossilen  Pfianzen,  431. — E. 
Tietze.  Beitrage  zur  Geologie  von  Galizien,  436. — V.  Uhlig.  Ueber  ein 
Juravorkommen  vom  Berge  Holikopetz  bei  Koritschan  im  mahrischen 
Marsegebirge,  486, — V.  Goldschmidt.  Ueber  das  specifische  Gewicht  von 
Mineralien,  439. — A.  Bittner.  Ueber  die  weitere  \  erbreitung  der  Reich- 
enhallen  Kalke  in  den  nordostlichen  Kalkalpen,  44/5. — A.  Hofraann. 
Vorlaufige  Mittbeilung  iiber  neuere  Funde  von  Saugethierresten  von 
Goriach,  450. — J.  N.  Woldfich.  Ueber  das  Vorkommen  einiger  Mine- 
ralien in  Siidbdhmen,  453. — M.  Vacek.  Ueber  die  geologischen  Verhalt- 
nisse  des  Flusagebietes  der  unteren  Miirz,  455. — H.  B.  v.  Foullon.  Ueber 
neu  eingelangte  Minerale,  464. 

Vienna,  K,-k.  geologisohe  Reichanstalt.  Verhandlungen,  1887. 
Nos.  1-8.  i887. 
F.  Romer.  Nachtrafflichen  Daten  zu  dem  Granatenfunde  auf  der 
Dominsel,  42. — G.  Giirich.  Einschliisse  von  gerollartiger  Form  aus  Stein- 
kohlenflotzen  von  Oberschlesien,  43. — F.  v.  Sandberger.  Bemerkungen 
zu  den  neueren  Veroffentlichun^en  Lomnicki's  iiber  die  tertiaren  Brack- 
imd  Siisswasserbildungen  Galiziens,  45. — A.  Pichler.  Zur  Geologie  der 
Kalkgebirge  siidlich  von  Innsbruck,  45. — G.  C.  Laube.  Pinitfiihrender 
Granitporphyr  von  Raitzenhain,  47. — L.  Teisseyre.  Notiz  iiber  einige 
seltenere  Ammoniten  der  Boliner  Oolithe,  48. — F.  Kraus.  Ueber  Do- 
linen,  54. — C.  M.  Paul.  Geologische  Karte  der  Gegend  zwischen  Andry- 
chau  und  Teschen,  63. — E.  Tietze.  Ueber  recente  Niveauveranderungen 
auf  der  Insel  Paros,  63. — C.  v.  Camerlander.  Zur  Geologie  des  Granidit- 
gebietes  von  Prachatitz,  66. — E.  Tietze.  Noch  ein  Wort  zu  Dr.  Diener's 
Ldbanon,  77. — ^A.  Bittner.  Zur  Verbreitung  der  Op^nitzer  Kalke  in  den 
nordsteirischen  und  in  den  angrenzenden  oberosterreichischen  Kalkalpen, 
81. — A.  Cathrein.  Ueber  Augitporphyr  von  Piilersee,  86. — ^A.  Rzenak. 
Die  Foraminiferenfauna  des  griinen  Oligocanthones  von  Nikoltschitz  in 
Mahren,  87. — A.  Bittner.  Aus  dem  Gebiete  der  Ennsthaler  Kalkalpen 
und  des  Hochschwab,  89. — G.  C.  Laube.  Notiz  iiber  eine  eigenthiimliche 
Biegung  des  Muskowitgneisses  auf  der  Ruine  Hassenstein  bei  Kaaden, 
133. — A.  Rzehak.  Die  Foraminiferenfauna  des  blauen  Oligocanthones 
von  Nikoltschitz  in  Mahren,  133. — E.  Palla.  Zur  Frage  der  Palmennatur 
der  Cj/perites-ahviiichen  Reste  aus  der  Hottin^er ..Breccie,  136. — A.  Penck. 
Die  Hottinger  Breccie,  140. — F.  Teller.  Die  Aquivalente  der  dunklen 
Orthoceren-Kalke  des  Kok  im  Bereiche  der  Silurbildungen  der  Ost-Kara- 
wanken,  145. — H.  Sjogren.  Ueber  die  petrographische  Beschaflfenheit 
des  eruptiven  Schlammes  von  den  Schlammvulcanen  der  Kaspischen 
Region,  165. — D.  Stur.  Aussprache  an  die  geehrten  Anwesenden  aus 
Veranlassun^  der  cliicklichen  Riickkehr  des  Collegen  Herm  Prof.  Dr.  O. 
Lenz  von  seiner  dritten  Afnkareise,  170. — D.  Stur.  Vorlage  der  Cala- 
marien  der  Carbon-Flora  der  Schatzlarer  Schichten,  171. — H.  B.  v.  Foul- 
lon. Ueber  die  Zusammensetzung  einer  accessorischen  Bestandmasse 
aus  dem  Piseker  Riesenpegmatit,  150. — M.  Vacek.  Ueber  einige  Pach^-  • 
dermenreste  aus  den  Ligniten  von  Kentschach  in  Kamten,  156. — V.Uhlig. 
Ueber  Neocom  vom  Gardenazza-Stock  in  Sudtirol,  156. — 0.  v.  Gamer- 
lander.    Aus  dem  Granitgebiete  von  Friedeberg  in  Schlesien,  157. — F 
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Becke  tind  M.  Schuster.  Geolosische  Beobachtangen  im  Altvatergebixve, 
109. — M.  Vacek.  Ueber  neue  Funde  yon  Mastodon  aus  den  Alpen,  120. 
— 0.  von  Camerlander.  Vorla^  von  Mittheilungen  Henm  Dr.  H. 
Sjogren's  iiber  das  transkaspischel^aDhtagebiety  123. — G.  Geyer.  Bericht 
fiber  die  geologischen  Aufnahmen  auf  dem  Blatte  Kirchdorf  in  Oberoster- 
leich,  124. — C.  J.  Wagner.  Ueber  die  Warmeverhaltnisse  in  der  Ost- 
h&lfte  des  Arlbergtonnels.  185. — ^F.  Wahner.  Ueber  die  atratigrapbiscbe 
Beziebunffen  des  Alpen-Lias  zum  Dachsteinkalk,  186. — ^L.  y.  Tansch. 
Einiges  iiber  die  Fauna  der  grauen  Kalke  der  Sildalpen,  187. 

Vienna.    K.-k.  natarbistorisclie  Hofmusetuns.     Annalen.     BandL 
Nos.  3-4.     1886. 

A.  Gebmacher.  Goldsand  mit  Demantoid  yom  alten  Ekbatana  nod 
Ramadan,  238. — R  Kochlin.  Ueber  ein  neues  Euklas-Vorkommen  am 
den  osterreichischen  Tauem,  237. 

.    . .    Band  ii.     Nos.  1  &  2.     1887. 

£.  Pergens.  Pliocane  Bryozoen  yon  Rhodos,  1. — N.  Andmssou.  'Ekae 
fossile  Acetabularia  als  gesteinbildender  Organismus,  77. — ^R.  Kochlin. 
Ueber  Phosgenit  und  ein  muthmasslich  neues  Mineral  yom  Laurion,  185. 

.     Mineralogische  nnd  petrographische  Mittbeilungen.    N.  F. 

Bandvii.     Heft  6.     1886.     Purchased. 

B.  Doss.  Die  basaltischen  Layen  und  Tuffe  der  Proyinz  Haurftn  und 
yom  Diret-et  TulM  in  Syrien,  461.— 0.  Dolter.  Synthese  und  Zosam- 
mensetzung  des  Pyrrhotin,  535. 

.    .     .     Band  viii.     Hefte  1-5.     1886-86.     Fur- 

chased. 

C.  Element  Analysen  einiger  Mineralien  und  Gesteine  aus  Belgien,  L 
— C.  Fuchs.  Die  yulcanischen  Ereignisse  des  Jahres  1885,  21  Jahies- 
bericht,  28. — ^F.  Eigel.  Ueber  einige  trachytische  Gesteine  von  der  Insel 
San  Pietro,  62. — ^F.  EiffeL  Ueber  einige  Eruptiygesteine  der  Pontinis- 
chen,  73.— -0.  yon  Vogdt  Diabasporphyrit  aus  der  Ungegend  der  Stadt 
Petrosawodsk  im  Plonetzer  Gouyemement^  101. — B.  Mieriseh.  Die  Aas- 
wur&blocke  des  Monte  Somma,  113. — H.  Wul£  Beitrag  zur  Petrogra- 
phie  des  Hererolandes  in  Siidwest- Africa,  193. — F.  Becke.  Atzyersache 
am  Pyrit,  232. — A.  Oathrein.  Ueber  Ch}ont<5idschiefer  yon  Grossarl^  331. 
— H.  Wichmann.  Brookit  yom  Schwarzkopf,  338. — E.  Ludwig' und  0. 
Tschermak.  Der  Meteorit  yon  Angra  dos  Reis,  341. — ^L,  Hubbari 
Beitrage  zur  Kenntniss  der  Nosean-fdhrenden  Auswiirflinge  des  Laacher 
Sees,  356. — A.  Oathrein.    Beitrage  zur  Mineralogie  Tirol's,  400. 

.       Kaiserlich-konigliche     zoologisch-botanische    Geaellschaft. 

Yerhandlungen.     Band  xxxyi.     Quartal  1-4.     1886. 
O.  Stapf.    Die  Pflanzenreste  des  Hallstatter  Heidengebirgee,  407. 

Warwick.     Warwickshire  Naturalists'  and  Archasologists'  Field  Gab. 

Proceedings,  1885.     1886. 

P.  R  Brodie.    On  a  recent  Discoyery  of  Annulose  Animals  (BkUta  and 

a  Scorpion)  in  British  and  Foreign  Upper  and  Middle  Silurian  Rocla, 

18. — P.  B.  Brodie.    On  the  last  Boring  near  London,  and  its  results,  2^. 

Washington.     Smithsonian   Institution.     Annual  Report  for  the 
year  1884.     Parts  1  &  2.     1885. 

Bureau  of  Ethnology.     Fourth  Annual  Report,    1882-S3. 


4to.  Washington.     1886. 
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Welliugton,  N.  Z.  New-Zealand  Institute.  Transactions  and  Pro- 
ceedings, 1886.  Vol.  xviii.  1886. 
S.  W.  Baker.  A  Description  of  the  New  Volcano  in  the  Friendly 
Islands,  near  Tongatabu,  41. — ^T.  J.  Parker.  Notes  on  a  Skeleton  of 
Notomis,  78.— F.  W.  Hutton.  On  the  Geology  of  Scinde  Island^27.— 
F.  W.  Hutton.  New  Species  of  Tertiary  SheUs,  338.— F.  W.  Hutton. 
The  Wanganui  System,  336. — A.  McKay.  On  the  Age  of  the  Napier 
Limestone,  367. — W.  Skey.  On  a  new  Mineral  (Awaruite)  from  Barn 
Bay,  401.— W.  S.  Hamilton.  On  Platinum  Crystals  in  the  ironsands  of 
Orepnki  Goldfields,  402. 

.    .     .     Index,  Vols.  i.-xvii.     1886. 

Wiesbaden.  Nassauische  Vereins  fur  Naturkunde.  Jahrbiicher. 
Jahrgang  xxxix.  1886. 
R.  Fresenius.  Neue  chemische  Untersuchung  des  Kochbruunens  zu 
Wiesbaden,  1. — H.  Fresenius.  Chemische  Untersuchung  der  Schiitzen- 
hof-Quelle  zu  Wiesbaden,  21. — F.  Kinkelin.  Zur  Geologic  der  imteren 
Wetterau  und  des  unteren  Mainthales,  65. 

Winchester.  Natural  History  Society,  Geological  Section.  Geolo- 
gical Notes.  1886.  (12mo.)  Presented  by  E.  Westldke,  Esq., 
F.GJS. 

York.    Yorkshire  Philosophical  Society.    Annual  Eeport  for  1886. 
1887. 
H.  M.  Platnauer.    On  the  Occurrence  of  Strophodus  JRigauxi  (Sauy.) 
in  the  Yorkshire  Combrash,  36. 

Zoological  Society.     Proceedings,  1886.     Parts  1-4.     1887. 

A.  Smith  Woodward.  On  the  Anatomy  and  Systematic  Position  of 
the  Liassic  Selachian,  Squaloraja  polyspondyla,  Agassiz,  527. — A.  S. 
Woodward.  On  the  Relations  of  the  Mandibular  and  Hyoid  Arches  in  a 
Cretaceous  Shark  {Hyhodus  dubrisiensis,  Mackie),  218. 


Transactions.    Vol.  xii.     Parts  3-6.     1886-87. 


£.  T.  Newton.  On  the  Remains  of  a  Gigantic  Species  of  Bird  (Oast- 
amis  Klaassemi,  n.  sp.)  from  the  Lower  Eocene  Beds  near  Croydon.  143. 
— J.  von  Haast.  On  Megalopteryx  Hectori^  a  new  Gigantic  Species  of 
Apterypan  Bird,  161. — J.  von  Haast.  On  Dinomis  (hoeni,  a  new  Species 
of  Dinomithidse,  with  some  remarks  on  D.  curttts,  171. 

.    Report  of  the  Council  for  the  Year  1886.     1887. 


2.  Books. 

Names  of  Donors  in  ItaUcs. 

Abel,  Sir  Frederick.    The  Work  of  the  Imperial  Institute.     8vo. 
London,  1887. 

Adamson,  S.  A.,  and  A,  HarJcer.     Bibliography  of  the  Geology  and 
Pal»ontology  of  the  North  of  England,  1885.    8vo.     1886. 

.    The  Hitchingstone,  Eeighley  Moor.     8vo.     Birmingham, 

1886. 
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Albreehi,  P.  Anatomische  Schriften  dee  ProfesBors  Dr.  P.  Albiecht. 
8vo.     Hamburg,  1886. 

.     Mittheilungen  zur  59  Versammlung  dentscher  Naturforacher 

lind  Arzte  zu  Berlin.  Aus  der  Sektion  fur  Anatomie.  8yo. 
1886. 

.     Ueber  den  morphologisohen  Werth  iiberzahliger  Finger  imd 

Zehen.     8vo.     1886. 

.     Ueber  die  cetoide  Natar  der  Promammalia.   8vo.  Jena,  1886. 

.     Ueber  die  morphologische  Bedeutung  der  Penischisis,  Ejd- 

und  Hypospadie  des  Menschen.     8vo.     1886. 

.    Ueber  eine  in  zwei  Zipfel  auslaufende  rechtsseitige  Vorderfloss 

bei  einem  Examplare  von  Protopterus  annecUns^  Ow.  8vo.  Ber- 
lin, 1886. 

.      Verlauft   der  Nervenfltrom    in   nicht  geschloesener,  oder 

geschlossener  Strombabn,  und  wie  gelangt  er,  wenn  letzteres  der 
Fall  ist,  zum  Sitze  der  elektromotorischen  Kraft  zuriick  ?  8vo. 
Erlangen,  1887. 

.     Zur  Diskuseion  der  die  Hasenscharten  und  schragen  Gesichts- 

spalten  betreffenden  Vortrage  der  Herren  Bisudi  und  Morian. 
8vo.     1886. 

Alsace-Lorraine.  Geologische  Specialkarte  von  Elsaas  Lotbringen. 
Abhandlungen.  Band  iy.  Heft  3.  8vo.  Strassburg,  1887. 
Purchased, 

Argentine  Bepublic.  Informe  uficiale  de  la  Comision  Gientifica 
agregada  al  Estado  Mayor  General  de  la  Expedicion  al  Rio  N^ro 
(Patagonia)  Eealizada  en  los  mesee  de  Abril,  Mayo  y  Junio  de 
1879,  bajo  las  ordenes  del  General  D.  Julio  A.  Boca.  Entrega  I. 
Zoologia.  4to.  Buenos  Aires,  1881.  Presented  by  the  AtxidinM 
Nationale  des  Sciences  residant  a  Cordoba, 

.     .     Entrega  II.  Botdnica.     4to.     Buenos  Aires,  1881. 

.     .     Entrega  III.  Geologia.     4to.     Buenos  Aires,  1882. 

.     Censo  General  de  la  Provincia  de  Buenos  Aires  ;  Demogra- 

fico,  Agricola,  Industrial,  Comercial,  &c.,  verificado  el  9  de  Octubre 
de  1881  bajo  la  administradon  del  Doctor  Don  Dardo  Bocha.  4to. 
Buenos  Aires,  1883. 

Sistema  di  Medidas  y  Pesas  dela  Kepiiblica  Argentina.  8ro. 


Buenos  Aires,  1881. 

,     Ferro-carril  Central  del  Norte.     Ramal  a  la  Bioja  y  Cata- 

marca.  Seccion  Primera.  De  la  estacion  recreo  (E.C.C.N.) 
Cbumbicha.  Informe  General  del  proyecto  con  las  especificacioneSf 
analisis  de  precios  y  documentos  justificativos  presentado  al  Minis- 
terio  del  Interior  jtor  el  Departamento  de  Ingenieros  civiles  de  la 
Nacion.     8vo.     Buenos  Aires,  1883. 
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Army  Medical  Department.  Report  for  the  year  1884.  Vol.  xxvi. 
8vo.     London,  1886. 

Atkinson,  E,  T,  Annual  Address  to  the  Asiatic  Society,  Calcuttta, 
February  2,  1887.     8vo.     Calcutta,  1887. 

Atkinson,  W.  C.  A  Historical  and  Statistical  Account  of  New 
Brunswick,  B.N.A.,  with  advice  to  Emigrants.  3rd  edition.  8vo. 
Edinburgh,  1844.     Presented  by  W,  Whitaker,  Esq.,  F.G.S. 

Bagot,  A.  Accidents  in  Mines  ;  their  Causes  and  Prevention.  8vo. 
London,  1878.     Presented  by  W.  S.  Dallas,  Esq.,  F.L.S. 

Bargagli,  P.  Un  nuovo  lavoro  del  Socio  sig.  Herbert  Goss  "  Di 
alcuni  insetti  scoperti  recentemente  in  roccie  carbonifere  e  silu- 
riane."     8vo.     Florence,  1886. 

Barrois,  C.     Observations  sur  la  constitution  geologique  de  la  Bre- 
tagne.     {2^  article.)     8vo.     Lille,  1884. 

.     Note  preliminaire  sur  les  schistes  k  staurotide  du  Finistere. 

8vo.     Lille,  1884. 

.     Sur  la  Faune   de    Hout-de-Ver  (Haute-Garonne).      8vo. 

Lille,  1886. 

.     Note  sur  la  structure  stratigraphique  des  Montagnes  du 

Menez  (C6tes-du-Nord).     8vo.     LiUe,  1885. 

.     Sur  lea  Tremblements  de  Terre  de   TAndalousie.      8vo. 

Lille,  1885. 

.     Memoire  sur  le  calcaire  a  polypiers  des  Cabrieres  (Hcrault). 

8vo.     Lille,  1886. 

Note  sur  le  Kerzanton  de  la  Bade  de  Brest.     8vo.     Lille, 


1887. 

Bayonne  Bar.  Instruction  pour  aller  chercher  la  Barre  de  Bayonne, 
entrer  dans  la  riviere  ou  mouiller  dans  les  environs,  par  Bougret 
de  la  Grye.  8vo.  Paris,  1886.  Presented  by  the  Depot  de  la 
Marine. 

Beinert,  C.  C.  Der  Meteorit  von  Braunau  am  14  Juli  1847.  8vo, 
Breslau,  1847.     Presented  by  the  Boyal  Society. 

Bell,  H.  G.  Selections  of  the  most  remarkable  Phenomena  of 
Nature.  12mo.  Edinburgh,  1887.  Presented  by  W.  WhitaJcer, 
Esq.,  F.Q.S. 

Bonney,  T.  O,  Address  to  the  Mineralogical  Section  of  the  British 
Association,  1886.     8vo.     London,  1886. 

.     Address  to  the  Mineralogical  Society,  1885.     8vo.     London, 

1886. 


.     On  a  Glaucophane-Eclogite  from  the  Val  d'Aoste.     8vo. 

London,  1886. 

Boulger,  G,  S.     On  the  Connection  in  Time  of  Changes  in  Fossil 
Floras  with  those  of  Faunas.     8vo.     London,  1887. 
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Britifih  Museum  (Natural  History).  A  Guide  to  the  Exbibitiaii 
Galleries  of  the  Department  of  Geology  and  Falseontologj.  4th 
edition.     8vo.     London,  1886.     Presented  hy  the  Trugtees. 

.     .     .     .      Presented  hy  Dr.   H.    Woodward, 

F,E.8.,  VJ'.GJS. 

.    Catalogue  of  the  Blastoidea  in  the  Geological  Department, 

hy  R.  Etheridge,  Jan.,  and  P.  H.  Carpenter.     4to.     London,  1886. 
Presented  hy  the  Trustees. 

.    Catalogue  of  the  Fossil  Mammalia.     Part  IV.,  containing 

the  Order  Ungulata,  Suborder  Prohoscidea.     By  R.  Lydekker. 
Svo.     London,  1886.    Presented  hy  the  Trustees. 

Brodie,  P.  B.  On  a  recent  DiscoTery  of  Annulose  Animals  (Blatta 
and  a  Scorpion)  in  British  and  Foreign  Upper  and  Middle  Silurian 
Bocks.     8vo.    Warwick,  1886. 

.     On  the  last  Boring  near  London  and  its  Results.    8yo. 

Warwick,  1886. 

Broughy  B.  H.  Use  of  the  Magnetic  Needle  in  exploring  for  Lron- 
Ore.    8vo.    London,  1887. 

Brown,  J.  A.  Sketch  of  the  Geology  of  Ealing,  with  Evidences  of 
Glacial  Deposit.  8vo.  London,  1884.  Presented  hy  W.  Whitaker, 
Esq.,  F.Q.S. 

Briickner,  E.  Die  Yergletscherung  des  Salzachgebietes  nebet  Beo- 
bachtungen  iiber  die  Eiszeit  in  der  Schweiz.  8yo.  Yienna,  1886. 
Purchased. 

Buckler,  W.    See  Bay  Society. 

BudarPest.  AUgemeine  Landes-Ausstellung,  1885.  Special-Eatalog 
der  Vlten  Gruppe  fur  Bergbau,  Huttenwesen  und  Geologie.  8to. 
Budapest,  1885.  Presented  hy  the  Fachcommission  der  Vlten 
Qruppe  through  the  Hungarian  Geological  Institute. 

Califomian  State  Mining  Bureau.  Sixth  Annual  Report.  Parts  1 
&  2,  for  the  year  1886.     8vo.     Sacramento,  1886-87. 

Callon,  J.  Lectures  on  Mining,  delivered  at  the  School  of  Mines, 
Paris.  Translated  at  the  Author's  request,  by  C.  Le  Neve  Foster 
and  W.  Galloway.     Vol.  iii.    8vo.     London,  1886.     Purchased. 

Canada.  Colonial  and  Indian  Exhibition,  London,  1886.  Descrip- 
tive Catalogue  of  a  Collection  of  Economic  Minerals  of  Canada, 
by  the  Geological  Corps,  A.  R.  C.  Selwyn,  Director.  8vo.  Lon- 
don, 1886. 

.      Geological  and  Natural- History  Survey.      Report.      New 

Series,  Vol.  i.     1885.     8vo.     Montreal,  1886. 

Cape  of  Good  Hope.  Report  on  a  supposed  extensive  deposit  of 
Coal  underlying  the  Central  Districts  of  the  Colony,  by  E.  J. 
Dunn.  4to.  Cape  Town,  1886.  Presented  by  the  Secretary  of 
State  for  the  Colonies. 
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Caruawji^  A.  A.  Becent  further  EzcayationB  of  the  Megalithic  An- 
tiquities of  '<  Hagiar-Eim/'  Malta,  executed  in  the  year  1885. 
Obi.  fol.     Malta,  1886. 

Carthaus,  E.  Mittheilungen  iiber  die  TriaBformation  im  nordofit- 
lichen  Westfalen  und  in  einigen  angranzenden  Gebieten.  8vo. 
Wiirzburg,  1886.     Purehfued, 

Caspary^  R,  Eiuige  neue  Pflanzenreete  aus  dem  samlandischen 
Bernstein.     4to.     Konigsberg  iu  Pr.,  1886. 

Castillo,  A.  del^  y  M.  Bdrcena,  El  Hombro  del  Penon.  8vo. 
Mexico,  1885. 

Challenger.  Reports  on  the  Scientific  Results  of  the  Voyage  of 
H.M.S. '  Challenger '  during  the  years  1873-76.  Botany.  Vol.  ii. 
4to.     London,  1886.     Presented  by  H.M,  Treasury. 

Zoologj'.     Vol.  XV.      4to.     London,  1886.      Pre- 


sented  by  H.M,  Treasury. 

— .    .     .     Vol.  xvi.     4to.     London,  1886.    Presented 

by  H.M.  Treasury. 

Vol.  xvii.     4to.     London,  1886.     Presented 


by  H.M.  Treasury. 


— .     .     .     Vol,  xviii.      Parts  1  &  2,  and  plates.     4to. 

London,  1887.     Presented  by  H.M.  Treasury. 

Vol.  xix.     4to.     London,  1887.     Presented 


by  H.M.  Treasury. 

CTiaper,  — .  Note  sur  une  Pegmatite  diamantifere  de  FHindoustan. 
8vo.    Paris,  1886. 

Chaubard,  L.  A.  Elements  de  Geologic  mis  k  la  portee  de  tout 
le  monde.  2«  edition.  8vo.  Paris,  1838.  Presented  by  H. 
Bauermauj  Esq.,  F.O.S. 

Chevreul,  Centenaire  de  M.,  31  Aout,  1886.  Discours  prononces 
au  Musium  d^Histoire  Naturelle.    4to.     Paris,  1886. 

Cialdi,  A.  Sul  moto  ondoso  del  mare  e  su  le  correnti  di  esse.  2* 
^ition.     8vo.     London,  1866.     Presented  by  the  Eoyal  Society. 

Olaypole,  E.  W.  Buffalo  and  Chicago,  or  "  What  might  have  been." 
8vo.     Salem,  1886. 

Close,  M.  H.  The  Geology  of  the  Neighbourhood  of  Dublin,  as 
affecting  its  Sanitary  Conditions.  8vo.  London,  1884.  Pre- 
sented  by  W.  Whitalcer,  Esq.,  F.GJS. 

Cocco,  L.  Risposta  alle  osservazioni  di  Luigi  F.  Schopen  fatte  circa 
le  opinion!  del  Prof.  Seguenza  sul  Lias  superiore  dei  dintomi  di 
Taormina,  1886.     8vo.     Messina,  1886. 
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Cockburn,  W.  A  Letter  to  Professor  Backland  concerning  the 
Origin  of  the  World.     8vo.     London,  1838.     Purchased. 

.     A  new  System  of  Geology  ;  dedicated  to  Professor  Sedgwick. 

8vo.     London,  1849.     Purchased, 

Cole,  £.  M.  Notes  on  the  Geology  of  the  Hnll,  Bamsley,  and  West 
Riding  Junction  Railway  and  Dock.  8vo.  Hull,  1886.  /V»- 
sented  by  O.  Bohn,  Esq. 

Conwentz^  E,  Ueber  ein  tertiarcs  Vorkommen  cypressenartiger 
Holzer  bei  Calistoga  in  Galifornien.     8vo.    Stuttgart,  1878. 

.     Bericht  liber  die  Durchforschung  der  Provinz  Westpreussea 

in  naturhistorischer,  archaologischer  und  ethnologischer  Bezie- 
hnng  Seitens  des  Westpreussischen  Provinzial-Museums  und  der 
vom  Provinzial-Landtage  subventionirten  Vereine  wahrend  der 
ersten  sechsjahrigen  Etatsperiode  der  Verwaltung  des  West- 
preussischen Provinzial-Verbandes.     8vo.     Danzig,  1884. 

.     Heinrich  Robert  Goppert,  sein  Leben  und  Wirken.     8vo. 

Danzig,  1816. 

Sobre  Algunos  drboles  fosiles  del  Rio  Negro.     8to.     Buenos 


Aires,  1885. 

.     Herstellung  mikroskopischer  Praparate  von  fossilen  Pflanzen. 

8vo.     Danzig  ?,  18—. 

.    See  Goppert,  H.  R. 

Cope^  E.  D.    The  Vertebrata  of  the  Swift  Current  Creek  Region  of 
the  Cypress  Hills.     8vo.     Montreal,  1885. 

.     On  two  new  Species  of  Three-toed  Horses  from  the  Upper 

Miocene,  with  Notes  on  the  Fauna  of  the  Ticholeptus-hedB.     8to. 
Salem,  1886. 

.      Schlosser  on  Creodonta   and  Phenacodus,      8vo.      Salem, 

1886. 
.     Schlosser  on  the   Phylogeny  of  the  Ungulate  Mammalia. 

8vo.     Salem,  1886. 

Systematic  Catalogue  of  Species  of  Vertebrata  found  in  the 


Beds  of  the  Permian  Epoch  in  North  America,  with  Notes  and 
descriptions.     4to.     Philadelphia,  1886. 

— .     The  Phylogeny  of  the  Camelidae.     8vo.     Salem,  1886. 


Cotta,  B.  von.  Geologische  Bilder.  6*  Auflage.  8vo.  Leipzig, 
1876.     Purchased. 

Cotteauy  Q.  Paleontologie  Erancjais.  V  Serie.  Animaux  Inver- 
tebres.  Terrains  Tertiaires.  fiocene,  Echinides.  Tome  i. 
Eeuilles  1-11.     8vo.     Paris,  1885-86. 

.    Echinides  nouveaux  on  pen  connus.  (4®  article.)   8vo.   Paris, 

1835. 

Sur  les  Echinides  des  calcaires  de  Stramberg.     4to.     Paris, 


1884. 


Digitized  by  LjOOQ IC 


ADDITIONS  TO  THE  LIBRARY.  I5I 

t 

ColUaUy  G,    Considerations  gen^rales  sur  les  Echinides  du  terrain 
jurassique  de  la  France.     4to.     Paris,  1885. 

.     Sur  les  Echinides  Eocenes  de  la  famille  des  Spatangid^. 

4to.     Paris,  1886. 
.     La  paleontologie  en  1885.     8vo.     Paris,  1885. 

.     La  Geologic  au  Congres  Scientifique  de  Grenoble  in  1885 

et  Compte-rendu  du  Congres.     8vo.     Auxerre,  1886. 

-,  Peron  et  Gauthier.     Echinides  fossilcs  de  TAlg^rie.     Fasc.  9. 


Etage  Eocene.     8vo.     Paris,  1885. 

Crane,  Agnes.  On  a  Brachiopod  of  the  Genus  Atretia,  named  in  MS. 
by  the  late  Dr.  T.  Davidson.     8vo.     London,  1886. 

Credner,  H,  Die  Stegocephalen  aus  dem  Rothliegenden  das  Plauen'- 
schen  Gnindes  bei  Dresden.     8vo.     Berlin,  1886. 

.     Elemente  der  Geologic.     6*  Auflage.     8vo.     Leipzig,  1887. 

Crosskey,  H,  W,  Note  on  the  Glacial  Geology  of  the  district  around 
Loch  Sween,  Arg}'llshire.     8vo.     Birmingham,  1886. 

Owner,  F.  De  THistoire  Naturelle  des  Cetaces  ou  recueil  et  ezamen 
des  faits  dont  se  compose  Thistoire  naturelle  de  ces  animaux. 
8to.     Paris,  1836.     Presented  hy  the  Royal  Society. 

Dagincourt,  — .  Annuaire  Geologique  Universel.  Tome  ii.  8vo. 
Paris,  1886. 

Dallas,  James.  Professor  John  Morris,  M.  A.,  F.G.S.  Slip.  Exeter, 
1886. 

Dana,  J.  D.  A  dissected  Volcanic  Mountain  ;  some  of  its  revela- 
tions.   8vo.    New  Haven,  1886. 

.     Berkshire  Geology  (U.S.A.).     8vo.     Pittsfield,  Mass.,  1886. 

.     On  some  general  terms  applied  to  Mctamorphism,  and  to  the 

Porphyritic  Structure  of  B^cks.     8vo.     New  Haven,  1886. 

On    Volcanic   Eruptions  of  Barren  Island,  Vesuvius,  and 


Kilauea.     8vo.     New  Haven,  1886. 

Volcanic  Action.     8vo.     New  Haven,  1887.     (See  Emerson, 


J.  S.,  &c.,  on  Kilauea). 

Dawson,  O.  M.  Note  on  the  Occurrence  of  Jade  in  British  Columbia, 
and  its  Employment  by  the  Natives.     8vo.     Montreal,  1887. 

.  Notes  to  accompany  a  Geological  Map  of  the  noithern  por- 
tion of  the  Dominion  of  Canada,  east  of  the  Bocky  Mountains. 
8vo.     Montreal,  1887. 

.  On  certain  Borings  in  Manitoba  and  the  North-west  Terri- 
tory.    4to.     Montreal,  1887. 

.     On  the  Canadian   Rocky  Mountains,  with  special  reference 

to  that  part  of  the  Range  between  the  forty-ninth  Parallel  and 
the  Head-waters  of  the  Red  Deer  River.     8vo.     Montreal,  1886. 
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Dawson,  Sir  J,  W,    AddreBs  to  the  British  Association  for  the  Ad- 
vancement of  Science,  1886.     8yo.     London,  1886. 

On  Khizocarps  in  the  Erian  (Devonian)  Period  in  America. 


8vo.    Chicago,  1886. 

.     On  the  Fossil  Plants  of  the  Laramie  Formation  of  Canada. 

4to.     Montreal,  1886. 

Dewalque,  G.  Discours  prononee  au  nom  de  I'Academie  Royale  de 
Belgique  lors  des  Fun^railles  de  M.  F.  L.  Comet.  8vo.  Bros- 
sels,  1886. 

Dick^  W.  H,  llie  famous  Mount  Morgan  Gold  Mine,  Kockhampton, 
Queensland,  its  History,  Geological  Formation,  and  Prospects. 
8vo.    BockhamptoD,  1887. 

Diller^  J.  S.  Notes  on  the  Geology  of  Northern  California.  8vo. 
Wsshington,  1886. 

.     The  latest  Volcanic  Eniption  in  Northern  California  and  its 

peculiar  Lava.     8vo.     New  Haven,  1887. 

DowJceTy  Q,y  J.  Keid,  and  J.  Marten.  Ohservations  on  Bomney 
Marsh  and  Lydd  Beach,  with  an  account  of  a  Botanical  Bamble 
from  Appledore  to  Lydd  and  Dungeness  Point  8vo.  Canter- 
bury, 1868. 

Dressel,  L.  Die  Basaltbildung  in  ihren  einzelnen  umstanden 
Erlautert.    4to.    Haarlem,  1866.     Purchased, 

Duncan,  P.  M.  On  the  Astroccenur,  of  the  Sutton  Stone  and  other 
Deposits  of  the  Infra-Liaa  of  South  Wales.  8vo.  London, 
1886. 

.     On  the  Structure  and  Classificatory  Position  of  some  Madie- 

poraria  foom  the  Secondary  Strata  of  England  and  South  Wales. 
8vo.    London,  1886. 

Dupont,  E,  Snr  le  Famennien  de  la  Flaine  des  Fagnes.  8vd. 
Brussels,  1886. 

Eley,  H.  Geology  in  the  Garden ;  or  the  Fossils  in  the  Flint 
Pebbles.    8vo.    London,  1859.     Purchased, 

Emerson,  J.  S.,  L.  L.  Van  Slyke,  and  F.  S.  Dodge.  Kilauea  after 
the  eruption  of  March,  1886.  8vo.  New  Haven,  1887.  Pre- 
smUd  hy  Prof,  J,  D.  Dana,  F.M.GJS. 

Encydopiedia  Britannica.  9th  edition.  Vol.  zxi.  Bot-Sia. 
4to.    Edinburgh,  1886.     Purchased. 

.      .      Vol.   xxii.    Sib-Szo.      4to.      Edinburgh,    1887. 

Purchased, 

Encyclopssdic  Dictionary.  Vol.  v.  Pt.  2.  Paro-Quod.  4to. 
London,  1886.     Presented  btf  the  Bev,  B,  HunUr,  F.Q.S. 
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Enoydopsodio  Dictionary.  Vol.  vi.  pt.  1.  Quoi-8hipp.  4to. 
London,  1887.     Presented  by  the  Rev.  B.  Hunter,  F.O.S. 

England  and  Wales.  Oeological  Survey.  Memoirs.  Vol.  iy. 
The  Geology  of  the  London  Basin.  By  W.  Whitaker.  8vo. 
London,  1872.    Purchased. 

Ettingshausen,  C.  von.  Die  fossile  Flora  von  Sagor  in  Krain.  Theil 
ni.  nnd  Schluss.    4to.    Vienna,  1886. 

.    BeitragezurKenntniss  derTertiarflora  Australiens.    Zweite 

Folge.     4fco.     Vienna,  1886. 

Ealsan,  A.  Notice  sur  la  geologie  et  la  min^ralogie  du  Canton 
dHykes  (Var).     8vo.     Lyons,  1863.     Purchased. 

Favre,  E.  Revue  Geologique  Suisse  pour  I'annee  1885.  xvi.  8vo. 
Geneva,  1886. 

Finist^re.  List  of  works  on  the  Geology  of.  4to.  1886.  Pre- 
sented by  Prof.  T.  9.  Bonney,  D.Sc,  FM.S.,  F.0J8. 

Fisher^  0.  On  the  Variations  of  Gravity  at  certain  Stations  of  the 
Lidian  Arc  of  the  Meridian  in  Relation  to  their  Bearing  upon 
the  Constitution  of  the  Earth's  Crust.     8vo.     London,  1886. 

.    An  Attempt  to  explain  certain  Geological  Phenomena  by 

the  application  to  a  Liquid  Substratum  of  Henry's  Law  of  the 
Absorption  of  Gases.     8vo.    Cambridge,  1887- 

.  On  the  Amount  of  the  Elevations  attributable  to  Compres- 
sion through  the  Contraction  during  Cooling  of  a  Solid  Earth. 
8vo.    London,  1887. 

Fleming,  J.  The  Lithology  of  Edinburgh.  Edited  with  a  memoir 
by  the  Rev.  John  Duns.     8vo.     Edinburgh,  1859.     Purchased. 

Frazer,  P.  General  Notes  on  the  Geology  of  York  County,  Penn- 
sylvania.    8vo.     Philadelphia,  1886. 

Freiesleben,  J.  C.  Magazin  fiir  die  Oryktographie  von  Sachsen. 
Hefte  1-9.     8vo. '  Freyberg,  1828-36.     Purchased. 

Fric,  A.  Fiihrer  durch  die  geologischen  Sammlungen  im  Museum 
des  Konigreiches  Bohmen  in  Prag.    8vo.    Prag,  1881.    Purchased. 

Friedldnder,  B.^  und  Sohn.  Bibliotheca  historico-naturalis  et 
Matiiematica.     Lager-Catalog.     8vo.     Berlin,  1886. 

Qaudry,  A.    La  Grotte  de  Montgaudier.     4to.     Paris,  1886. 

.     Le  petit  Ursus  spehxus  de  Gargas.     4to.     Pari9,  1887. 

.     Sur  un  bois  de  Renne,  ome  de  gravures,  que  M.  Eugene 

Paignon  a  decouvert  ^  Montgaudier.     4to.     Paris,  1886. 

.     Sur  un  nouveau  genre  de  Reptile  trouve  dans  le  Permien 

d'Autun.     8vo.     Paris,  1886. 

Oeinitz,  H.  B.    Zur  Dyas  in  Hessen.     8vo.     Cassel,  1886. 
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Geramellaro,  G.  G.  Sopra  alcnne  faune  Giuresi  e  Liasiche  della 
Sicilia.     Text  and  plates      4to.     Palermo,  1872-82.     PurdiasetL 

Geyler,  T.,  und  F.  Kinkelin.  Oberpliocaa-Flora  aus  den  Bangraben 
des  Elarbecken<«  bei  Neiderrad  und  der  Schlcnse  bei  Hochst  a. 
M.  4to.  Frankfort-a.-M.,  1887.  Presented  by  W.  H.  LindUy, 
Esq,,  MJnst.C.E.,  F.G.S. 

Gillieron,  V,  La  faune  des  couches  k  MytUus  consider^  comme 
phase  m<^connue  de  la  transformation  de  formes  animales.  8vo. 
Basel,  1887. 

Goldschmidt,  Y.  Index  der  Kr^stallformen  der  Mineralien.  Lief. 
1  &  2.     8vo.     Berlin,  1886.     Purchased. 

OoodchUd,  J,  0,  Observations  upon  the  Htratigraphical  Relationa 
of  the  Skiddaw  Slates.     8vo.     London,  1886. 

Giippert,  H.  R.,  und  A.  Menge.  Die  Flora  des  Bernsteins  und  ihre 
Beziehungen  zur  Flora  der  Tertiarformation  und  der  Gegenwart. 
Band  2,  von  H,  Conwentz.     4to.     Danzig,  1886. 

Oottsche,  C.     Geologische  Skizze  von  Korea.     8vo.     Berlin,  1886. 

Great  Britain  and  Ireland.  Mines  and  Minerals.  Mining  and 
Mineral  Statistics  of  the  United  Kingdom  of  Great  Britain  and 
Ireland,  including  List  of  Mines  and  Mineral  Works  for  the  year 

1885.  Prepared  by  H.M.  Inspectors  of  Mines.     4to.     London, 

1886.  Presented  by  the  Secretary  of  Stats  far  the  Home  Depart- 
ment. 

Oresley,  W,  S.  A  Fossil  Tree  at  Clayton,  Yorkshire.  8vo.  Bir- 
mingham, 1886. 

Orijiihs,  G.  8.  Evidences  of  a  Glacial  Epoch  from  Keiguelen's 
Land,  being  comments  upon  the  *  Challenger'  Reports.  8vo. 
Melbourne,  1886. 

On  the  recent  Earth-tremors  and  the  conditions  which  they 


indicate.     8vo.     Melbourne,  1885. 

Groth,  P.  Repertorium  der  mineralogischen  und  krystallograph- 
ischen  Literatur  vom  ende  d.  J.  1876  bis  anfaug  d.  J.  1885,  und 
Generalregister  der  Zeitschrift  fur  Krystallographie  und  Minera- 
logie,  Bande  i.-x.     8vo.     Leipzig,  1886.     Purchased. 

Gumbel,  0.  W.  von.  Ueber  die  Natur  und  Bildungsweise  des  Glau- 
konits.     8vo.     Munich,  1886. 

.     Geologie  von  Bayem.     1  Theil.     Grundziige  der  Geologic. 

lief.  3  &  4.     8vo.     Cassel,  1 886  &  1887.     Purchased. 

Haas,  H.  J.     Die  LeitfossiHen.     8vo.     Leipzig,  1887.     Purchased. 

Harher,  A.  On  a  remarkable  Exposure  of  the  Kellaway's  Rock  in 
a  recent  cutting  near  Cirencester.     8vo.     Gloucester,  1887. 
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ffffvihtidj  A.  On  the  Study  of  the  Glacial  Period  in  the  Isle  of 
Man.     8vo.    Douglas,  1886. 

Hazell's  Annual  Cyclopaedia,  1887.  Edited  by  E.  D.  Price,  F.O.S. 
8vo.    London,  1887. 

Hehert,  E.  Observations  sut  les  groupes  s^imentaires  les  plus 
anciens  du  nord-ouest  de  la  France.     4to.     Paris,  1886. 

Heim,  A.,  and  A.  Penck.  On  the  District  of  the  Ancient  Glaciers- 
of  the  Tsar  and  of  the  Linth.  8vo.  London,  1886.  Presented 
hy  Dr.  Hinde, 

Hetniup^  Maria  R,     Law  of  Heat.     8vo.     Geneva,  N.  Y,     1886^. 

Hennesti^fy  H,  On  the  Physical  Structure  of  the  Earth.  8yo» 
London,  1886. 

.  Note  on  the  Annual  Precession  calculated  on  the  Hypo- 
thesis of  the  Earth's  Solidity.     8vo.     London,  1886. 

On  the   Fluid  State   of  Bodies  composing  our  Planetary 


System.     8vo.     Dublin,  1886. 

Hermite,  H.  Etudes  geologiques  sur  les  lies  Baleares.  8to. 
Paris,  1879,     Purchased. 

Hertwi^,  R.  Gedachtnissrede  anf  Carl  Theodor  y.  Siebold.  4to. 
Munich,  1886.     Presented  hy  the  Academy  of  Sciences  of  Munich, 

Hesse.  Grossherzoglich  hessische  geologische  Landesanstalt  Geolo- 
gische  Karte  777^17*  Erlauterungen.  Lief.  1.  Blatt  Messel. 
8vo.     Darmstadt,  1886. 

.    .    .     Lief.  1.     Blatt  Rossdorf.    8yo.    Darmstadt. 


1886.     Presented  hy  the  Survey, 

Hinde,  O.  J.    On  Beds  of  Sponge^remains  in  the  Lower  and  Upper 
Greensand  of  the  South  of  England.     4to.     London,  1886. 

.     On  the  Genus  Bindia,  Duncan,  and  the  Name  of  its  Typical 

Species.     8vo.     London,  1887. 

BitcJicocky  0,  IT.    The  Geological  Map  of  the  United  States.     8vo. 
Easton,  1886.     (See  Maps.) 

Homes,  R,     Manuel  de  Paleontologie.     Traduit  de  rAllemand  par 
L.  DoUo.     Fasc.  4  &  5.     8vo.     Paris,  1886.     Purchased. 

Hoivitt,  A.  W.    The  Sedimentary,  Metamorphic,  and  Igneous  Rocks 
of  Ensay.     8vo.    Melbourne,  1886. 

Hnhhardf  L.  L.      Beitrage   zur  Kenntniss  der  Nosean-fiihrenden 
Auswiirilinge  des  Laacher  Sees.     8vo.     Vienna,  1887. 

Hughes,  T.  MKenny.     The  Sedgwick  Memorial  Geological  Museum. 
8vo.     Cambridge,  1886. 
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Bunt^  T.  8.  Mineral  Physiology  and  Phyfiiographj.  A  seeood 
series  of  chemical  and  geological  essays  with  a  general  introdoo- 
tion.    8vo.    Boston,  1886. 

HuUm,P.W.    On  the  Geology  of  Scinde  Island.  8yo.   Wellington?, 
1886. 

.    On  the  Geology  of  the  New-Zealand  Alps.    8yo.    Hobazt, 

1886. 

,    The  MoUoaca  of  the  Paieora  and  Oamaru  Sj^tems  of  New 

Zealand.    8yo.    Sydney,  1886. 

India.  Oedogieal  Survey.  PaUeontologia  Indica.  Ser.  viL  ft  xiv. 
Titlepage  and  Contents  of  voL  i.  of  Tertiary  and  Upper  Cretaceous 
Faona  of  Western  India.     1886. 

Ser.  x.     Indian  Tertiary  and  Post-Tertiaiy 


Yertehrata.  Yol.  iv.  Part  1.  Siwalik  Mammalia.  Supplement  L 
By  B.  Lydekker.    4to.    Calcutta,  1886. 

-^— .    .     .    .     Indian  Tertiary  and  Post-Tertiary 

Yertebrata.  YoL  ir.  Part  2.  By  K.  Lydekker.  4to.  Cal- 
cutta, 1886. 

.     .     .     Ser.  xii.    The  Fossil  Flora  of  the  Gondwina 

System.  Yol.  ir.  Part  2.  The  Fossil  Flora  of  some  of  the 
Coal  Fields  in  Western  BengaL  By  0.  Feistmantd.  4to. 
Calcutta,  1886. 

.    .    .     Ser.    xiii    Salt-Kange    Fossils.      By  W. 

Waagen.  I.  Productus-limestone  Fossils ;  VL  Coelenterata.  4to. 
Calcutta,  1886. 

.     .     .     Ser.  xiv.    Tertiary  and  Upper  Cretaceous 

Fossils  of  Western  Sind.  Yol.  I.  Part  3.  The  Fossil  Echi- 
noidea.  Fasc.  ri.  By  P.  Martin  Duncan  and  W.  P.  ^Haden.  4to. 
Calcutta,  1886. 

.    .    Eecorda.    YoL  xix.    Parts  3  &  4.    8vo.    Calcutta, 

1886. 

.    .    .    Yol.  XX.     Parts  1  A  2.     8vo.    Calcutta, 

1887. 

.     Indian  Museum,     Catalogue  of  the  Eemalns   of  Siwalik 

Yertebrata  contained  in  the  Geological  Department  Parts  1  & 
2.    By  R.  Lydekker.     8vo.     Calcutta,  1885  &  1886. 

.  .  Catalogue  of  the  Remains  of  Pleistocene  and  Pre- 
historic Yertobrata  contained  in  the  Geological  Department 
By  R.  Lydekker.     8vo.    Calcutta,  1886. 

International  Polar  Expeditions,  1882-83.  Fort  Rae.  Obserra- 
tions  [Meteorological  &c.]  4to.  London,  1886.  Presented  by 
the  Meteorological  Office, 

Irving^  B.  D.  Origin  of  the  Ferruginous  Schists  and  Iron  Ores  of 
the  Lake  Superior  Region.     8vo.     New  Haven,  1886. 
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Jad:j  R.  L,    See  Queensland. 

Johnston-Lavis,  H.  J,  The  Belationship  of  the  Stmctare  of  Eocks 
to  the  Conditions  of  their  Pormatiou.     870.    Dublin,  1886. 

Jones,  T,  Rupert.  On  Garboniferons  Ostracoda  from  the  Gaytoa 
Boring,  Northamptonshire.    8vo.    Northampton,  1886. 

.    On  Coal  Deposits  of  South  Africa.    Slips.    London,  1886. 

•    On  Paheozoic  Fhyllopoda.    8yo.    London,  1886. 

.    Review.    "The    Volcanoes  of  Japan,    by  John  Milne.'' 

Slip.     London,  1886. 

.    The  Geology  and  Mineral  Products  of  South  Africa*    Slip. 

London,  1886. 

.    History  of  Sarsens.    8vo.    Devizes,  1887. 

.     Note  on  Nummuliies  elegans^  Sowerby,  and  other  English 

Nummulites.    8vo.    London,  1887. 

.    Notes  on  the  Pal£3ozoio  Bivalved  Entomostraca. — ^Nos.  23 

&  24.     On  some  Silurian  Genera  and  Species.    8vo.     London, 

1887. 

.    TheMineralWealthof  South  Africa.    8vo.    London,  1887. 

— ^ — ,  and  J.  W,  Kirhby.  A  List  of  the  Genera  and  Species  of 
Bivalved  Entomostraca  found  in  the  Carboniferous  Formations  of 
Great  Britain  and  Ireland,  with  Notes  on  the  Genera  and  their 
Distribution.    8vo.    London,  1886. 

, •    Notes  on  the  Distribution  of  the  Ostracoda  of  the 

Carboniferous  Eormations  of  the  British  Isles.    8vo.     London, 

1886. 

,  ■  Notes  on  the  Paleozoic  Bivalved  Entomostraca. — 

No.  22.     On  some  undescribed  Species  of  Bridsh  Carboniferous 
Ostracoda.    8vo.    London,  1886. 

On  some  Fringed  and  other  Ostraeoda  from  the  Car- 


boniferous Series.     8vo.    London,  1886. 

Karsten,  H.  Geologic  de  Tancienne  Colombie  Bolivarienne,  Vene- 
zuela, Nouvelle-Grenade  et  Ecuador.    4to.    Berlin,  1886.     Pur- 

Xenngott,  A.,  A.  von  Lasaulx,  and  F.  Eolle.  Handworterbuch  der 
Mineralogie,  Geologic  und  Palaeontologie,  3  vols,  bvo,  Bres- 
lau,  1883,  1885,  &  1887.    Furchased. 

Klein,  S.  T,  Thirty-six  Hours'  Hunting  among  the  Lepidoptera 
and  Hymenoptera  of  Middlesex,  with  Notes  on  the  Method 
adopted  for  their  Capture.    8vo.    Bath,  1887. 
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Klemtnt^  C,  Notice  Bur  la  compopition  cbimique  de  la  meteorite  de 
Saint-Denis-Westrem     (Flandre    Orientale).      8vo,       Brussels, 

1886. 

Kol'scharcw,  N.  v.  Materialien  zur  Mineralo^e  Rufslands.  Band 
ix,  pp.  273-368.     8vo.     St.  Petersburg,  1886. 

Kbnen,  A.  von.  TJeber  neue  Cystideen  aus  den  Caradoc-Scbiehten 
der  Gegeud  von  Montpellier,     8vo.    Stuttgart,  1886. 

KonincJc,  L,  O.  de,  et  M.  Lobest.  Notice  sur  le  parallelisme  entre 
le  calcaire  carbon ifere  du  nord-oueft  de  FAngleterre  et  celui  de 
la  Belgique.     8to.     Brussels,  1886. 

Kowalevski,  A.  Observations  sur  le  developpement  des  Brachio- 
podes.     Analyse  par  D.  (EhJert  et  Deniker.     8vo.    Paris,  18S3. 

Lappannt^  A.  de.     Abr^ge  de  Geologie.     8vo.     Paris,  1886. 

.     .      — ■ — .      .      Presented  by  Clement  Reid,  Egq.j 

RO.S. 

•     Traite  de  Geologie.     2*  edition.     8vo.     Paris,  1885. 

•     Conference  sur  le  sens  des  mouvements  de  Te'corce  terrestre. 

fcvo,     Paris,  1887. 

Lawrence^  E.  Tbe  Progress  of  a  Century  ;  or  tbe  Age  of  Iron  and 
Steam,     8vo.    London,  1886. 

Lindley^  W.  H.  Pbotographs  of  Upper  Pliocene  Flora  found  in 
Excavations  made  near  Prankfort-on-Main.     1887. 

Liversidge,  A.  Presidential  Address  to  tbe  Royal  Society  of  New 
South  Wales.     8vo.     Sydney,  1886. 

Lucas,  C.  An  Essay  on  Waters.  Part  1.  8vo.  London,  1756. 
Purchased. 

Liilhen,  C.  Antikritiske  Bcmaerkninger  i  Anledning  af  Ksempe- 
Dovendyr-Slspgten  Ccelodon.     8vo.     Copenhagen,  1886. 

Jj^fdeJcJrer,  i?.  Description  of  three  Species  of  Scelidoiherium,  8vo. 
'  London,  1880. 

.     Tbe  Fossil  Yertebrata  of  India.     8vo.  ]  Calcutta,  1887. 

Malet,  H.  P.  Incidents  in  the  Biography  of  Dust.  8vo.  London, 
1887.     Presented  by  W.  S,  Dallas,  Esq,,  KL.S. 

Mareou,  J,  B.  A  List  of  the  Mesozoic  and  Cenozoic  Types  in  the 
collections  of  the  U.  S.  Museum.  8vo.  Washington,  1885 ;  and 
Supplement,  1886. 

— .  Bibliographies  of  American  Naturalists.  III.  Publications 
relating  to  Fossil  Invertebrates.     8vo.     Washington,  1885. 

Marsh,  0.  C.    American  Jurassic  Mammals.     8vo.     New  Haven, 

1887.  -    . 
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Mediterraneaa.  Instractiona  Naatiques  sur  lea  lies  loniennei,  les 
cotes  de  Urece  et  de  Turqde,  TArchipel,  le  detroit  des  Darda- 
nelles, la  Mer  de  Marmora  et  le  Bosphore.  Par  A.  Fraugoise. 
8vo.     Paris,  1886,    Presented  by  the  Dej^ot  de  la  Marine. 

Melnikoio,  M,  GeologiBche  Erforschung  des  Yerbreitangsgebietes 
der  Phosphorite  am  Dujester.     8vo.     St.  Petersburg,  1885. 

Meneghiniy  G.  Ooniodiscus  Ferrazzii,  Mgh.,  nuova  Stelleride 
terziaria  del  Vioentino.     8vo.     Pisa,  1886. 

Miall,  L.  C.  The  Geology,  Natural  History,  and  Prehistoric  Anti- 
quities of  Craven,  in  Yorkshire,     4to.     Leeds,  1878.     Parchaead. 

Miall^  L.  C,  and  A,  Denny.  Studies  in  Comparative  Anatomy. 
111.  The  Structure  and  Life- history  of  the  Cockroach  (jPert- 
jjlaneta  oridwtalie).  An  Introduction  to  the  Study  of  Insects. 
8vo.     London,  1886. 

Minnesota.  Oeological  and  Natural  History  Survey  1872-82. 
The  Geology  of  Minnesota.  Vol.  i.  of  the  Pinal  Ueport.  By  N. 
H.  Wincheil  aud  W.  Upham,     4to.     Minneapolis,  1884. 

.     .     Thirteenth  Annual  Eeport  for  the  year  1884.     8vo. 

St.  Paul,  1885. 

Pourteenth  Annual  Eeport  for  the  year  1885<    8to. 


St.  Paul,  1886. 

Morgan,  C,  Lloyd.    Contributions  to   the  Geology  of  the   Avon 
Basin.     8vo,     Bristol,  1886. 

Morse,  E.  S.  Ancient  and  Modem  Methods  of  Anow-Kelease. 
8vo.     Salem,  1886. 

Morton,  O.  H.  The  Carboniferous  Limestone  and  Cefn-y-fedw 
Sandstoue  of  Plinushire.     8vo.     Liverpool,  1886. 

Mott,  F.  T.  The  Geological  History  of  Chamwood  Porest  8vo. 
Loudon,  1885. 

Naihorst,  A.  O.  Nouvelles  observations  sur  des  traces  d'animaux 
et  autres  phenomenes  d'origine  purement  mecanique  decrits 
comme  ''  Aigues  Possiles.''     4to.     Stockholm,  1886. 

.     Om  de   sandslipode  stenarnes  fbrekomst  i  do  kambriska 

lagren  vid  Lugn&s.     8vo.     Stockholm,  1886, 

.     Om  lemningar  af  Dryas  octopetala,  L.,  i  kalktuff  vid  Eangil- 

torp  nara  Vadstena.     8vo.     Stocikholm,  1886. 

.     Anmarkningar   med    anledning  af  A.   Hellands   uppaats: 

"Svenske  geologer  om  indsjoerne.'*     8vo.     Stockholm,  188  T. 

.    Till  frigan  om  de  sk&nska  dislokationernas  &lder.    8vo. 

Stockholm,  le>87. 


Digitized  by  LjOOQ IC 


l6o  iJ>DmONB  10  THB  LIBBHAT. 

Namnasii,  E.  Die  Erscbeinmigen  des  Erdmagnetasmiis  in  ilirer 
Abhangigkeit  Tom  Baa  der  Erdiinde.  8to.  Stuttgart,  1887. 
Purchased, 

Neumayr,  M.  Erdgeeohichte.  Band  i.  Allgemeine  Geologic. 
Svo.    Leipzig,  1887.     Pureheued, 

New  Caledonia.  lostrnctioDs  Naatiqnes  but  la  Noaren^-Cal^onie 
et  sea  d^pendances  par  Chambeyron  et  Banare.  3*  edition, 
8to.     Paris,  1886.     PreterUed  hy  the  Depot  de  la  Marine. 

New  Hebrides.  Instmctions  Nantiqnes  snr  les  NonveUes-Hebrides, 
ies  lies  Banks,  Torres,  et  F  Archipel  de  Santa-Cmz.  8to.  Paris, 
1886.     Presented  by  the  Depot  de  la  Marine. 

New  Jersey.  Geological  Survey.  Brachiopoda  and  Lamellibran- 
chiata  of  the  Baritan  Clays  and  Oreensand  Marls  of  New  Jeney, 
by  E.  P.  Whitfield.    4to.    Trenton,  N.  J.,  1886. 

New  Sontb  Wales.  Australian  Museum.  Catalogue  of  the  Echino- 
dermata  in  the  Australian  Museum,  by  E.  P.  Ramsay.  Part  1. 
8vo.     Sydney,  1886.    Presented  by  the  Trustees. 

.    .    Eeport  of  the  Trustees  for  1885.     4to.     Sydney, 

1886. 

.    .    Descriptive  Catalogue  (with  Not^es)  of  the  Oeneral 

Collection  of  Minerals  in  the  Australian  Museum,  by  A.  F.  Batte. 
Svo.     Sydney,  1885.     Presented  by  the  Trustees. 

^  ■■.  Department  of  Mines.  Annual  Beport  for  the  year  1885. 
4to.    Sydney,  1886. 

Newtony  -4.,  and  J.  W,  Clarh.  The  Woodwardian  Professor  and 
the  Sedgwick  Memorial  Museum.    8vo.     Cambridge,  1887. 

Newton^  E.  T.  On  the  Bemains  of  a  Gigantic  Species  of  Bird  {Gas- 
tomis  Klaasseni)  from  the  Lower  Eocene  Beds  near  Croydon« 
4to.    London,  1886. 

.     A  Classification  of  Animals  ;  beincr  a  Synopsis  of  the  Animal 

Kingdom,  with  especial  reference  to  Fossil  Forms.     Svo.     Lon- 
don, 1887. 

New  York.  Geological  Survey.  Natural  History  of  New  York. 
Palaeontology.  Yol.  v.  Part  1.  Lamellibranchiata,  II.  By 
James  H(dl.    Text.    4to.    Albany,  N.  Y.,  1885. 

.    .    .    .    Yol.  V.  Part  1.    Lamellibranchiata, 

L&IL     Plates.    4to.    Albany,  N.  Y.,  1885  ? 

.    .     Beport  of  the  State  Geologist  (James  Halt)  for  the 

year  1882.    4to.    Albany,  N.  Y.,  1883. 

'  .    Beports  of  the  State  Geologist  {James  HaU)  for  the 

years  1883-84.     Svo.     Albany,  N.  Y.,  1884-85. 

.     .     Report  of  the  State  Geologist  {James  Hall),  giving 

an  account  of  the  condition  of  the  work  upon  which  he  is  engaged. 
Svo.     Albany,  N.  Y.,  1884. 
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New  York  State  MuBenm  of  Natural  History.  Annual  Reports  38 
to  38.  For  1880-1885.  8vo.  Albany,  1880-1885.  Presented 
by  James  Hail,  Esq,,  F.M.G.S.,  State  Geologist. 

New  Zealand.  Colonial  Museum  and  Geological  Survey  Depart- 
ment. Handbook  of  New  Zealand,  by  James  Hector.  4th 
edition,  revised.  8vo.  Wellington,  1886.  Presented  by  the 
AgenUQencral  for  New  Zealand. 

.     .     .     Presented  by  Dr.  James  Hector,   CM.G,, 

F.GJS. 

'  .     Indian  and  Colonial  Exhibition,   London,   1886. 

New  Zealand  Court.  Detailed  Catalogue  and  Guide  to  the 
Geological  Exhibits.  8vo.  Wellington,  1886.  Presented  by 
the  Agent-General  for  New  Zealand, 

.     .     ^     w     Presented  by  Dr.  James  Hector^ 

CM,G.,  F.G.S. 

.    .    Manual  of  the  New  Zealand  Coleoptera,  by  T, 

Brown.    Pts.  3  &  4.     8vo.    Wellington,  1886. 

New  Zealand  Industrial  Exhibition  1885,  Wellington.  The  Official 
Eecord,  1885.  8vo.  Wellington,  1886.  Presented  by  the  New 
Zealand  Colonial  Museum. 

New  Zealand.  Mines  Department.  Annual  Beports  of  the  Inspec- 
tors on  Inspection  of  Mines,  1886.  4to.  Wellington,  1886. 
Presented  by  the  Hon.  Minister  of  Mines, 

.    .    Report  on  the  Minins:  Industry  of  New  Zealand,  being 

papers  laid  before  Parliament  during  the  Session  of  1886.     8vo. 
Wellington,  1887.      Presented  by  the  Hon,  Minister  of  Mines. 

.    Mines  Statement,  by  the  Minister  of  Mines,  the  Hon.  W.  -I. 

M.  Lamach,  C.M.G.  4to.  Wellington,  1886.  Presented  by  the 
Hon.  Minister  of  Mines. 

.     Preliminary  "Report  of  the  Recent  Volcanic  Eruptions,  by 

J.  Hector,  C.M.G.  4to.  Wellington,  1886.  Presented  by  the 
Secretary  of  State  for  the  Colonies, 

.     Preliminary  Report  on  the  Recent  Volcanic  Eruptions,  by 

Dr.  James  Hector,  C.M,G.,  F.G.S.     4to.     Wellington,  1886. 

.     Preliminary  Report  of  the  Volcanic  Eruption  of  Tarowera 

1886,  by  8.  Percy  Smith.  4to.  Wellington,  1886.  Presented 
by  the  Secretary  of  State  for  the  Colonies. 

.    Report  on  Goldfields,  Classes  and  Schools  of  Mines.    4to. 

Wellington,  1885.     Presented  by  the  Mines  Department. 

.    Report  on  Goldfields,  Roads,  Water-races,  and  other  works 

in  connectk^n  with  Mining.  4to.  Wellington,  1886.  Presented 
by  the  Mines  Department. 
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Nonnan,  M.  W.  A  popular  Guide  to  the  Geology  of  the  Isle  of 
Wight,  with  a  ^ote  on  its  relation  to  that  of  the  Me  of  PurbecL 
8vo.     Ventnor,  1887.    Furchastd, 

Norwegian  North-Atlantic  Expedition.  Norake  NordhaTs-Expe- 
dition,  1876-78.  Presented  6y  the  MeUwrologitke  InUitut^  Chr»- 
txanicu 

XY.  Zoologi.    Crustacea  II.,  ved  G.  0.  Sars.    4to.      Chri^ 
4ian{a,  1886. 
XVI.  ZoologL     Mollusca  II.,  ved  H.  Friele.     4to.       CAru- 

tiania,  1886. 
XVU.  Zoologi.      Alcyonida,  ved    D.  C.  Danielssen.       4to. 
Christia7iia,  1887. 

Noury^  Q.    G^logie  de  Jersey.     8vo.     Paris,  1886. 

Kova  Scotia.  Department  of  Mines,  Keport  for  the  year  1886. 
8vo.    Halifax,  N.  S.,  1887. 

(Ehlert,  D.  Sur  les  Fossiles  d^voniens  du  departement  de  la 
Mayenne.     8vo.     Paris,  1877. 

.  Description  de  deux  nouvcaux  genres  de  Orinoides  du  ter- 

rain <levoDien  de  la  Mayenne.     8vo.    Paris,  1878. 

.    Note  sur  le  Calcaire  de  8aint-Boch,  k  Change,  pr^s  LavaL 

8vo.     Paris,  1880. 

.     Crinoides  nouveaux  du  d^vonien  de  la  Sarthe  et   de  la 

Mayenne.     8vo.     Paris,  1882. 

.     Notes  geologiques  sur  le  departement  de  la  Mayenne.     8to. 

Angers,  1882. 

.     Note  sur  le  calcaire  de  Montjean  et  Chalonnes  (Maine-et- 

Loire).     8vo.     Paris,  1882. 

.     Description  do  deux  nouvelles  especes  d'AcroeuIia  du  deTO- 

nien  inferieur  de  la  Mayenne.     8yo.     Paris,  1883. 

.     Note  sur  les  Chonetes  d^voniens  de  I'Ouest  de  la  Prance. 

8vo.     Paris,  1883. 

.      Note    sur    Terehratula    (Centronella)    Guerangeri.      8vo. 

Angers,  1883. 

.     Etudes  sur  quelques  Brachiopodes  devoniens.     8vo.     Pans, 

1884. 

Etude  sur  quelques  Trilobites  du  groupe  des  Proetidte.    8vo. 


Angers,  1885. 

.    Description  de  Ooldius  Gervilhi,    8vo.    Paris,  1885. 

.     Description  de  deux  Centronelles  du  devonieu  inferieur  de 

Touest  de  la  France,     8vo.     Paris,  1885. 
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(EhleH,  D,  Etude  &ur  quelquee  fossilee  devoniens  de  rouest  de  la 
Prance.     8vo.     Paris,  1887. 

.     Sur  leB  oscillations  qui  se  sont  produites  pendant  la  periode 

primaire  dans  le  bassin  de  Laval.     4to.     Paris,  1887. 

,  et  —  Davoust.    Sur  le  devonien  du  departement  de  la  Sarthe. 

8vo.     Paris,  1879. 

Omhoni^  G,     Di  alcuni  insetti  fossile  del  Veneto.     8vo.     Venice, 

1886. 

Orj^en,  (7.  S.  On  Matters  GeologicaL  8yo.  Bloemfontein,,  Orange 
Pree  IState.     1886. 

Orzahal,  A.  Estudio  critico  y  oomparativo  de  las  reglas  de  Descartes 
y  de  Newton  respecto  al  numero  de  raices  de  Ls  ecuuciones  nu- 
mericas.     8vo.     Buenos  Aires,  1886. 

Pal^ontologie  Fran^aise.  S^rie  1.  Animaux  Invertebres.  Terrain 
Cretace.  Livr.  '62.  Zoophytes  par  de  JFromentel.  8vo.  Paris, 
1886.     Purchased. 

.     .    .     Terrain  Jurassique.     Livr.  82.     Crinoides, 

par  P.  De  Loriol.     8vo.     Paris,  1886.    Furchased. 

.     .     .      Terrains  Tertiaires.     livr.  6-9.     Eocene. 

Echinides.      Tome  i.,  par  G.  Cotteau.     8vo.     Paiis,   1886-&7. 
Purchased, 

.      Ser.  2.      Vegetaux.     Terrain  Jurassique.     Livr.  36-38. 

Ephedrees ;  Spirangiees  et  types  Proangiospermiques  par  G.  de 
Saporta.     8vo.     Paris,  1886.     Purchased. 

Pennsylvania.  Geological  Survey.  Annual  Beport  for  1885,  and 
Atlas.     8vo.     Harrisburg,  1886. 

Petho^  J.  Die  tertiarbildungen  des  Feh^r-Edros-Thales  zwischen 
dem  Hegyes-Drocsa-  und  Pless-Kodru-Gebirge.    8vo.    Budapest, 

1887. 

Phillips,  J.  A.,  and  H.  Bauerman.  Elements  of  Metallurgy.  New 
edition.  8vo.  London,  1887.  Presented  by  H.  Bauerman^  Es(i.^ 
V.P.G.S.,  ^c. 

Polenus,  Joannes.  De  motu  aquae  mixto  libri  duo.  4to.  Padua, 
1717.     Presented  by  the  Moyal  /Society. 

Portugal.  Commission  des  travaux  Geol4)giques  du  Portugal.  Ke- 
cueil  d'etudes  paleontologiques  sur  la  fauue  cretacique  du  Portugal. 
Vol.  i.  Especes  nouvclles  ou  peu  connues  par  Paul  Choliat. 
Serie  1.    4to.     Lisbon,  1886. 

Postlethwaite,  «A,  and  J.  G.  GoodchUd.  On  some  Trilobites  from  the 
bkiddaw  blates.     8vo.     London,  1886. 
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Pre9hoie7i^  J,  On  the  agency  of  Water  in  Yolcanio  Ernpiioiis.  8to. 
London,  1886. 

.  On  Underground  Temperatares ;  with  obeerTations  on  the 
condnctivity  of  rocks ;  on  the  thermal  effects  of  saturation  and 
imbibition,  and  on  a  special  source  of  heat  in  Mountain  Banges. 
4to.     London,  1886. 

Queensland.  Colonial  and  Indian  Exhibition  of  1886.  ^Handbook 
of  Queensland  Geology  by  B,  L.  Jack.    8vo.    Brisbane,  1886. 

Quenstedt,  F.  A.  Die  Ammoniten  des  schwabischen  Jura.  Hefts 
11-15.  Text  8to.  Stuttgart.  Atlas,  4to.  1886  &  1887.  P«r- 
chased. 

Quirogay  K  Apuntes  de  un  Toaje  por  el  Sahara  oodlentaL  Bra 
Madrid,  1886. 

Bauf,  H.    Ueber  die  Oattung  Hindia  Done.     8to.    Bonn,  1886. 

Bay  Society,  The  Laryie  of  the  British  Butterflies  and  Moths,  by 
the  late  William  Bndder.  Edited  by  H.  T.  Stainton.  Yol.  ii. 
8yo.    London,  1887. 

Beade^  T.  M.  The  Origin  of  Mountain  BAnges,  considered  expe- 
rimentally, structurally,  dynamically,  and  in  relation  to  tbair 
geological  histoiy.     8vo.     London,  1886. 

BM,  Q.    Norfolk  Amber.    8to.    Norwich,  1886. 

.     On  the  Flora  of  the  Cromer  Forest-bed.    8vo.     Norwich, 

1886. 

Benevier^  E.  Rapport  sur  la  marche  du  Musee  G^logique  Yandois 
en  1886.     8vo.    Lausanne,  1887. 

Beyery  E.  Geologic  der  amerikanischen  Eisenlagerstatten  (insbe- 
sondere  Michigan).     4to.     Vienna,  1887. 

.     Ueber  Erstarren.    8vo.    Leipzig,  1885. 

Bicciardiy  L.  SuU'  allineamento  dei  Yulcani  ItaHani. — Sulie  rooce 
eruttiye  sottomarine,  subaeree  e  sottomarine  e  lore  dassificarioDe 
in  due  periodi. — ^Sul  graduale  passaggio  delle  rooce  acide  alio 
rocce  basiche. — SuUo  sviluppo  dell'  acido  doridrico  dell'  anidride 
solforoea  e  del  iodic  dai  yulcani.     8yo.     Beggio-Emilia,1887. 

Bivi^re,  £.  Pal^thnologie.  De  TAntiquit^  de  I'Homme  dans  les 
Alpes-Maritimes.  Livr.  10-12.  4to.  Paris,  1886  &  1887. 
Purchased. 

Bobertfl,  Mary.  The  Progress  of  Creation,  considered  with  reference 
to  the  present  condition  of  the  Earth.  870.  London,  1846. 
Presented  by  W.  Whitaker,  Esq.,  F.GJ3. 

Bohon,  J.  F.,  and  K.  A.  v.  ZiUel  tJeber  CenUodus.  8to. 
Munich,  1886. 
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£om^  de  Tlsle,  J.  B.  de.  Easai  de  Grutallographie.  Svo.  Paris, 
1772.    Presented  hy  the  Boyal  Society. 

.    CristaUographie  ou  description  des  formes  propres  h  tons  lee 

corps  de  r^gne  mineral.  Seconde  editioD.  Yols.  i.-iii.  Text,  Svo. 
Vol.  ir.  Atlas,  4to,  Paris,  1783.  Presented  hj  0ie  Royal 
Society, 

Bomer,  F.  Die  Fossile  Fauna  der  siloiischen  BilnTial-Gesefaiebe 
Ton  Sadewitz  bei  Oels  in  Nieder-Schlesien.  4to.  Breslan,  1861. 
Purchaeed. 

Bondot,  N.  Essai  snr  les  propriety  pbysiqnes  de  la  soie.  8vo. 
8vo.    Paris,  1887.     Presented  by  Thomas  Wardle,  Esq.,  F.G.S. 

Bosenbnsch,  H.  Mikroskopische  Physic^rrapbie  der  MineraUen  nnd 
Gesteine.  Zweite  Anflage.  Band  iL  Abtb.  1.  8vo.  Stuttgart, 
1886.    Purchased. 

Both,  J.  Beitrage  zur  Petrograpbie  yon  Korea,  8yo.  BerUn, 
1886. 

Enssia.  OomitS  Oiologique.  Bibliotb^que  O^logique  de  la  Russie, 
1885,  No.  1,  redigee  par  8.  Nikitin.    8to.    St.  Petersburg,  1886. 

.    .    Tsvestia.     1886,     (Bulletin.)    Tome  7,    Noe.  1-8. 

8vo.    St.  Petersburg,  1886, 

.    .    .    .    1887.    Tome  vL  Nos,  1-6,     Sro. 

St.  Petersburg,  1887. 

,  .  Hdmoires.  Yol.  iii.  Nos.  2  &  3,  4to.  St.  Peters- 
burg, 1886. 

Butot,  A.,  et  E.  Van  den  Broeck.  Observations  nouvelles  sur  le 
Tufeau  de  Ciplj  et  sur  le  Cretao^  superieur  du  Hainault.  8vo. 
Li^ge,  1886. 

Sandberger,  F.  von.  Pupa  (Yertigo)  parcedentata-Genesii  und  ibre 
Yarietaten-Beibe  in  der  Eiszeit  und  der  gegenwartigen  Periode. 
8vo.    Wurzburg,  1887. 

.     Ueber  einen  neuen  Pelekypoden  aus  dem  nassauiscben  Un- 

terdevon.     8vo.    Stuttgart,  1887. 

.    Bemerkungen  iiber  einige  Helioeen  im  Bernstein  der  preus- 

siscben  Eiiste.     8vo.     Danzig,  1887. 

Saxony.  Oeologisehe  Landesuntersuehung  des  Konigreu^is  Saehsen. 
Erlauterungen  zur  geologiscbe  Specialkarte,  Blatt  31,  98, 99, 116, 
117,  134.     8to.    Leipzig,  1886, 

Schluter^  O,    ArobiBOcyatbns  im  mssiscbem  Silnr?    8to«    Berlin^ 

1887, 

Scbmidt,  0.  Tbe  Mammalia  in  tbeir  relation  to  Primeral  Times. 
870.    London,  1885,    Pwrchased. 
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Schamann,  J.     Geologische  Wanderungen  darch  Altpreussen.    8to. 
KoDigsberg,  1869.     Purchased, 

Scudder,  S.  H.    The  Cockroach  of  the  Past.     8vo.     London,  1886. 

Seguenza,  G,     11  Lias  inferiore  nella  Proviocia  di  Messina.     4to. 
Naples,  1885. 

Monografia  delle  Spiriferina  del  vari  piani  del  lias  Measinese. 


8vo.     Rome,  1885. 

— .     Esame  di  una  sezione  natnrale  nel  Giurassico  di  Taormina. 
8vo.     1886. 

' — .     U  Lias  snperiore  nel  territorio  di  Taormina.     8yo.     Yenice, 
1886. 

— .    H  Betioo  di  Taormina.     Svo.     Palermo,  1886. 


.    Sulla  nota  del  Prof.  G.  Gemmellaro  dal  titolo :  Sagli  strati 

con  Leptena  nel  lias  superiore  di  Sicilia.     8yo.     1886. 

Sherbom,  C.  D.,  and  F.  Chapman.  On  some  Microzoa  from  the 
London  Clay  exposed  in  the  Drainage  Works,  Piccadilly,  London, 
1885.     8vo.    London,  1886. 

Smythe,  G.  W.  Yiews  and  Description  of  the  late  Yolcanic  Island 
off  the  coast  of  Sicily.     4to.     London,  n.  d.     Fun^iased. 

South  Australia.  Colonial  and  Indian  Exhibition,  London,  1S86. 
Bibliography  of  South  Australia,  compiled  by  T,  OtlL  8to. 
Adelaide,  1885. 

.     Notes  on  Geological  Map  of  Gumeracha  and  Mount  Crawford 

Goldfields,  by  H.  P.  Woodward.     4to.     Adelaide,  1686.    I^e- 
setUed  by  the  Colonial  Oovemment, 

.     .     •     Presented  by  the  Secretary  of  State  for  the 

Colonies, 

' .     Report  on  Geology  and  Mineralogy  of  Northern  Territon*, 

by  J.  E.  Tenison  Woods.     4to.     Adelaide,  1886.     Presented  by 
the  Secretary  of  State  for  the  Colonies, 

.    Report  on  the  Ulooloo  Goldfield.    By  H.  Y.  L.  Brown.    4to. 

Adelaide,  1887*     Presented  by  the  Colonial  Government, 

Spain.  Comision  del  maj^a  GeoUgico  de  Espana,  Boletin.  Tomo  xiii. 
Cuaderno  2.     8vo.     Madrid,  1886. 


— .      .      Memorias.     Descripcion  fisica  y  geol6gica  de  la 

Provincia  de  Zamora,  por  G.  Puig  y  Larraz.     8yo.    Madrid,  185*1 


— .     — — .     ' .     De8cripci6n  fisica  y  geol6gica  de  la  Provincia 

de  Alava,  por  D.  Ramdn  Adin  de  Yarza.    8vo.    Madrid,  IbSo, 

Spratt,  T.  A.  B.     On  the  Geology  of  Malta  and  Gozo.     8vo. 
Malta,  1852.     Purchased, 
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Spurrelly  F,  C.  J,  On.  some  PaLneolilhic  Knapping  Tools  and  Modes 
of  using  them.     8vo.     London,  1883. 

.  Palaeolithic  Implements  found  in  West  Kent.  8yo.  Lon- 
don, 1883. 

.    Early  Sites  and  Emhankments  on  the  margins  of  the  Thames 

Estuary.     8vo.    London,  1885. 

.     A  Sketch  of  the  History  of  the  Rivers  and  Denudation  of 

West  Kent,  &c.     8vo.     Greenwich,  1886. 

Stabile,  J.  Fossiles  des  environs  du  lao  de  Lugano.  8vo.  Lugano, 
1861.     Purchased. 

Steenstrup,  J.  J.  S,  Kjokken-moddinger.  8vo.  Copenhagen, 
1886. 

Steinmann,  G.     Geologischer  Piihrer  der  Umgegend  von  Metz.     8vo. 
.  Metz,  1882.     Purchased. 

Struckmann^  C.  Die  Portland-Bildungen  der  Umgegend  von  Han- 
nover.    8vo.     Berlin,  1887. 

Sutcliffe,  J.  The  Geology  of  the  Avon.  Svo.  Bristol,  1822. 
Purchased. 

Svedmark^  E.  N&gra  ord  med  anledning  af  A.  E.  Tomebohms  re- 
ferat  ofver  Kartbladen  "Purusund"  och  "BAdmanso''  samt 
"  Gabbron  pi  Itadmanso."     8vo.     Stockholm,  1887. 

Switzerland.  Commission  de  la  Carte  Geologique  de  la  Suisse. 
Beitrage.  Lief.  24.  Centralgebiet  der  Schweiz  enthalten  auf 
Blatt  xiii.,  von  A.  Baltzer,  P.  J.  Kaufmann,  0.  MoBSch,  und  K. 
Mayer-Eymar.  Erster  Theil.  Emmcn-  und  Schlierengegenden 
nebst  Umgebungen  bis  zur  Briinigstrasse  und  Linie  Lungern- 
grafenort,  von  P.  J.  Kaufmann.  Text  and  Atlas.  4to.  Berne, 
1886. 

Symonds,  W.  S.    Old  Stones.     Svo.     Malvern,  1855.    Purchased. 

.     Records  of  the  Rooks.     Svo.    London,  1872.    PurcMsfd. 

Tate,  R.     Post-Miocene  Climate  in  South  Australia.   Svo.  Adelaide, 

1885. 

.  Supplemental  Notes  on  the  Palliobranchs  of  the  Older  Ter- 
tiary of  Australia,  and  a  Description  of  a  new  Species  of  Ehyn- 
choneUa.     8vo.     Adelaide,  1885. 

.     The  Lamellibranchs  of  the   Older  Tertiary  of  Australia. 

Part  1.     Svo.     Adelaide,  1885. 

. .     Part  II.     Svo.     Adelaide,  1887. 

.     A  Revision  of  the  Recent  Lamellibranch  and  Palliobranch 

Mollusca  of  South  Australia.     Svo.     Adelaide,  1887. 

Descriptions  of  some  new  Species  of  South- Australian  Marine 


and  Freshwater  Mollusca.     Svo.     Adelaide,  1887. 
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Teall,  J.-J.  Harris.  Britiflb  Petax>gTapby.  Parts  7-10.  8to. 
Birmingham,  1886. 

Tolstoi,  L.  WhatlbdieTo.  TraDaLated  b j  C.  Poso^.  Sto.  LoiidoB, 
1885. 

Toner,  J.  M.  Addreaa  before  tbe  Bocky-Monntain  Medical  AaBod' 
ation,  June  6, 1877,  containing  some  obserrationa  on  the  Geologieal 
Age  of  the  World,  the  appearance  of  Animal  Life  npon  1^  Globe, 
the  Antiquity  of  Man,  and  the  Archaeological  Bcmains  of  Extinct 
Baces  found  on  the  American  Continent,  with  viewa  of  the  Origin 
and  Practice  of  Medicine  among  Undyilized  Kacea,  more  especially 
the  North- American  Indians.  8ro.  Washington,  1877.  P/v- 
sented  ^  W.  S.  DalloM,  E$q.,  F.LJ3. 

Topinardf  P.  Les  caracteres  simiens  de  la  mAchoiie  de  la  Naulette. 
8vo.     Paris,  1886. 

Tapleyy  W,  Beport  of  the  Committee  on  the  Erosion  of  the  Sea- 
coasts  of  England  and  Wales.    8yo.    London,  1886. 

Umlanft,  Fr.  Die  Alpen.  Handbuch  der  gesammten  Alpenkunde. 
Abth.  1.    dvo.    Vienna,  1886  ?    Fun^uued. 

.    Die  Alpen.    Abth.  2.    8yo.    Yienna,  1886.    Purduued, 

United  States.  Geologieal  Survey/.  Bulletin.  Nos.  24-33.  8m 
Washington,  1885  &  1886. 

Pifth  Annual  Eeport  (1883-84),  by  J.  W.  Powell, 


Director.    4to.    Washington,  1885. 

— .    .    Mineral  Besoufces  of  the  United  States  (1885). 

8vo.    Washington,  1886. 

— .    .     Monographs.      YoL  x.     Dinocerata,  a  Monograph 

of  an  extinct  Order  of  Gigantic  Mammals,  by  0.  C.  Marsh.    8to. 
Washington,  1886. 


— .   .   .   Yol.  xi.    Geological  History  of  Lake  Lahontan, 

a  Quaternary  Lake  of  Korth-westeiB  Nevada,  by  J.  C.  BusseL 
4to.    Washington,  1885. 

.     Geological  and  Geographical  Survey  of  the  Territories. 

Second  Division.  Beport  on  the  Geology  of  the  Eastern  portion 
of  the  Uinta  Mountains  and  a  region  of  country  adjacent  thereto. 
By  J.  W.  Powell.     4to.     Washington,  1876.    Purchased. 

.     Treasury,    Annual  Beport  of  the  Director  of  the  Mint,  for 

the  year  ending  June  30,  1886.  8vo.  Washington,  1886. 
Presented  by  J.  P.  Kimball,  Esq. 

.    War  Department.    Corps  of  Engineers  U.S.  Army.    Beport 

upon  the  Third  International  Geographical  Congress  and  Exhi- 
bition at  Venice,  Italy,  1881,  accompanied  by  Data  concerning 
the  principal  Government  Laud  and  Marine  Surveys  of  the  World, 
by  G.  M.  Wheeler.    4to,    Washington,  1885. 
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Tictoria,  Department  of  Mine$.  Annual  Beport  of  the  Secretary 
for  Mines  and  Water  Supply,  to  the  Honourable  J.  L.  Dow,  M.P., 
Minister  of  Mines  for  Tictoria,  on  the  working  of  the  Kegulation 
and  Inspection  of  Mines  and  Mining  Machinery  Act  during  the 
year  18b5.    4to.    Melbourne,  1886. 

.    .     Gk>ld-Eield8  of  Victoria.     Beports  of  the  Mining 

Eegistrars  for  the  quarter  ended  3l8t  March,  1886.    4to.    Mel- 
bourne, 1886. 

.    .    .    for  the  quarter  ended  30th  June,  1886. 

4to.    Melbourne,  1886. 

. .  .  for  the  quarter  ended  30th  Septem- 
ber, 1886.    4to.    Melbourne,  1886. 

for  the  quarter  ended  31st  December, 


1886.    4to.    Melbourne,  1886. 

.    .     Mineral   Statistics  of  Victoria  for  the  year  1885. 

Beport  of  the  Secretary  for  Mines  to  the  Hon.  Minister  of  Mines* 
4to.     Melbourne,  1886. 

VUanova  y  Piera,  Juan,  Ensayo  de  Diccionario  geogrdiioo-geologico. 
8vo.    Madrid,  1884. 

Vogdes,  A,  W.  Description  of  a  New  Crustacean  from  the  Clinton 
Group  of  Georgia,  with  Bemarks  upon  others.  8vo.  New  York, 
1886. 

Vom  Bath,  Q.    Ueber  Colemanit    Byo.    Stuttgart,  1885. 

.    Vortrage  und  Mittheilungen.     Bvo.     Bonn,  1886. 

-^.    Worte  derEiinnerung  an  Dr.  Martin  Webaky.    8to.    Bonn, 

1887. 

-^.  Worte  der  Erinnemng  an  Professor  Dr.  A.  von  Lasaulz. 
8vo.    Bonn,  1887. 

'  Einige  geologische  Wahmehungen  in  Mexiko.    Bvo.    Bonn, 

1887. 

.     Ueber  kiinstliche  Silberkrystalle.    Bvo.    Leipzig,  1887. 

.     Ueber  Cristobalit  vom  Cerro    S.  Cristobal   bei   Fachuca 

(Mexico).     8vo.    Leipzig,  1887. 

WdhneTj  F,  Beitrage  zur  Kenntniss  der  tiefcren  Zonen  des  untcren 
Lias  in  den  nordostHchen  Alpen.  2-4  Theil.  4to.  Vienna, 
1886. 

WahnscTiaffe,  F.  Die  lossartigen  Bildungen  am  Bande  des  nord- 
deutschen  Flachlandes.     Bvo.     Berlin,  1886. 

.    Mittheilungen  iiber  das  Quartiir  am  Nordrande  des  Harzes. 

Bvo.    Berlin,  1886. 
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Walcber,  B.  On  the  Inflnence  of  Fluctuations  of  Atmospheric 
Prewure  on  the  Evolution  of  Fire-damp.  Tranalated  by  G.  G. 
Bagster.    4to.     Vienna,  1886.     Purchased, 

WardU^  T.  Les  Soies  des  Vers  Sanvages  de  Tlnde  et  leur  emploi 
dans  rindustrie.     8to.     Paris,  1887.     (See  also  Rondot,  N.) 

WarinffUm,  R.  A  Contribution  to  the  Study  of  Well-waters.  8vo. 
London,  1887. 

Western  Australia.  Report  on  the  Geology  of  the  Emberley  Dis- 
trict, Western  Australia,  by  E.  T.  Hardman.  4to.  Perth,  18S5. 
Presented  by  John  Forrest,  Esq.,  C.M,G.,  F.G.S. 

Williams f  J.  life  in  the  Soudan :  Adventures  amongst  the  Tribes, 
and  Travels  in  Egjpt,  in  1881  and  1882.     8vo.    London,  1884. 

Wtnd-ler,  T.  C,  Histoire  de  Tlchnologie.  £tude  Ichnologique  sur 
les  empreintes  de  pas  d'animaux  fossiles  suivie  de  la  description 
des  plaques  k  impressions  d'animaux  qui  se  trouvent  au  Mosee 
Teyler.     8vo.     Haariem,  1886. 

WoUeriftorff,  W,  Feber  fossile  Frosche  insbesondere  das  Genus 
Palofobatraehus.     ii.  Theil.     8vo.     Magdeburg,  1887. 

Woods,  J.  E.  Tenis&n,  Report  upon  the  Geology  and  Mineralogy 
of  the  Northern  Territory  of  South  Australia.  8vo.  Darwin, 
Northern  Territory,  1887. 

Woodward,  H.,  and  T.  Rupert  Jones.  Fourth  Report  on  the  Fossil 
Phyllopoda  of  the  Palaeozoic  Rocks.     8vo.    London,  1886. 

.     .     (Revised.)    8vo.     London,  1886. 

Woodward,  E,  B,    Notes  on  the  Geology  of  Brent  Knoll,  in  Somer- 
setshire.    8vo.     Bath,  1887. 
.    Notes  on  the  Ham  Hill  Stone.     8vo.     Bath,  1887. 

.     The  Geology  of  England  and  Wales,  with  Notes  on  the 

Physical  Features  of  the  Country.  Second  Edition.  8vo.  Lon- 
don, 1887. 

Wright,  T.  Monograph  on  the  Lias  Ammonites  of  the  British 
Islands.     4to.     London,  1878-86.     Bequeathed. 

Yarkand  Mission.  Scientific  Results  of  the  Second  Yarkand  Mission ; 
Memoir  of  the  Life  and  Work  of  F.  Stoliczka,  Ph.l).,  Paljeonto- 
logist  to  the  Geological  Survey  of  India  from  1862  to  1874,  by 
V.  Ball.  4to.  London,  1886.  Presented  by  the  Oovemment  of 
India, 

Tounrj,  J.     Notes  on  Cone-in-Cone    Structure.     8vo.    Glasgow, 

1885. 

Ziitel,  K,  A.  V.     Ueber  Ceratodus.     8vo.     Munich,  1886. 

.     1.  Ueber  Ceratodus.     2.  Ueber  vermeintHche  Hautschilder 

fossiler  Store.     8vo.     Munich,  1886. 
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3.  Maps  &o. 

TTie  names  of  Donors  in  Italics, 

Carez,  L.,  et  G.  Yasseor.     Carte  G^logique  do  France.     Feuilles 
9,  8.O.,  N.E.,  S.E.;  10,  8.E. ;  11,  N.O.,  8.0. ;  12,  N.E.,  S.O., 
8.E. ;  and  15,  N.O.,  N.E.     -sir^ir^'     Purchased. 

Prance.  Depdt  de  la  Marine,  4  sheets  of  charts  and  plans  of  vari- 
ous coasts. 

Hesse.  Orossherzoglich  hessiscTie  geologische  Landesanstalt,  Geolo- 
gische  Specialkarte.  -7^^^*  Lief.  1.  Blatt  Messel  und  Blatt 
Rossdorf.     Darmstadt,  1886. 

Hitchcock,  C.  H.  Geological  Map  of  the  United  States  and  part  of 
Canada,  to  illustrate  the  Schemes  of  Coloration  and  Nomenclature 
recommended  by  the  International  Geological  Congress.     1886. 

New  Jersey.  Geological  Survey.  Atlas  of  New  Jersey.  Sheets 
Nos.  8,  11,  and  12.  (G.  H.  Cook,  State  Geologist,  New  Bruns- 
wick.)    Scale  1  mile  to  1  inch.     1887. 

Norway.  Listitut  geographvjue  de  Norvhge  et  la  section  topographique 
de  VEtat  Major  General.  Den  Geologiska  Undersogelse.  Karte 
15  c  and  20  a.    -nnyWir- 

Ordnance  Survey  Maps.  Presented  hy  the  First  Commissioner  of  Works. 

One-inch  General  Maps.     England  and  Wales,     N.  8.     Outline. 
6  Quarter-sheets. 

.     Ireland  (Hills).     2  Quarter-sheets. 

.     Scotland.     10  Sheets. 

Six-inch  County  Maps.     22  Sheets ;  725  Quarter-sheets. 

Photograph  of  a  Quartzite  Pebble  found  in  a  Coal  Seam,  8.  Stafford- 
shire (Geol.  Mag.,  July  1873).  Presented  hy  Prof.  T,  G.  Bonney, 
FJt.S.,  V.P.G.S. 

Photograph  of  the  Central  Part  of  the  Crater  Wall,  Pic  Rakata,  Isle 
of  Krakatau  ;  with  a  Note  by  K.  D.  M.  Verbeek.  1886.  Pre- 
sented hy  the  Count  van  Bylandt,  Netherlands  Minister, 

Photograph  of  the  Section  in  Mr.  Green's  Pit,  at  Sudbury,  Suffolk 
(Geol.  Mag.,  June  1887).     Presented  hy  J.  E.  Marr,  Esq.,  F.G.S. 

Photographs  of  New  Zealand  Bryozoa,  described  in  papers  in 
Quart.  Joum.  Geol.  Soc.  vols.  xlii.  &  xliii.  Presented  hy 
A.  W.  Waters,  Esq.,  F.G.S. 

Eomanovshy,  G.,  et  /.  MovchJcetow.     Carte  geologique  du  Turkestan 
llusse.     Edition  1885.     Echelle  rsTOTFTTO-     ^^^  Feuilles.     Fol. 
St.  Petersburg,  1886. 
VOL.  XLin.  0 
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Rnthven,  J.  Map  of  the  English  Lakes  and  adjoining  country, 
geologically  coloured.  Scale  3|  miles  to  1  inch.  1855.  Pre- 
sented by  W.  WhitaJcer,  Esq.,  F.G.S. 

Saxony.  Oeologische  LandesunUrtuehwng  det  Konigrelcha  Sachseit. 
Geologische  Specialkarte.      Blatt   31,  98,  99,  116,  117,  134. 

Sherwell,  W.  S.  A  Geological  Map  of  Zillah  Behar.  Six  mil^  to 
an  inch.    Presented  by  W,  1\  Tkiselton  Dyer,  Esq.,  C.M.Q.,  FMJS. 

United  States,  Geological  Map  of  the,  by  C.  H.  Hitchcock.     1886. 

Wilson,  C.  If.  Mountain  Kegion  of  British  Honduras.  Scale, 
20  mm.  =  5  miles.     Coloured  and  unooloured  copies. 


II.  ADDITIONS  TO  THE  MUSEUM. 

Four  specimens,  bequeathed  to  the  Society  by  the  late  Caleb  Evans* 
Esq.,  F.G.S.,  viz. : — Two  specimens  of  Elytra  of  Beetles  from  the 
Loudon  Clay  of  Feckham.  One  specimen  of  Palceocorystes  glabra, 
H.  Woodward  (Quart.  Joum.  Geol.  Soc.  vol.  xxvii.  p.  90),  and 
one  specimen  of  Litoricola  glabra,  H.  Woodward  (Quart.  Journ. 
Geol.  Soc.  vol.  xxix.  p.  29),  both  from  the  Lower  Eocene  of  Ports- 
mouth. 

A  collection  of  Eock  Specimens  of  the  Hocks  of  Assouan  on  the 
Upper  Nile  (Geol.  Mag.  1886,  p.  101,  &c.).  Presented  by  Sir  J. 
W.  Dawson,  C.M.G.,  FM.S.,  F.G.S.,  and  Prof.  T.  Q.  Bonney, 
FM.S.,  r.P.G.S. 
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